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Genentech, Inc. 
Institution: Kulticenter 

Table 14 

Study: H0648g, Phase l l l 
HERCEPTIN (R) in Breast Cancer 

Time (Months) to Disease Progression in Study H0648g: Kaplan·Heier Statistics 
(by f!SH Availability) : 

Chemotherapy Received on Day 1 

__ _..,._AC ____ --~Pacli taxel_.,..,. ____ ....,._Total..,........,..... __ 
Herceptin . Hercept in Pad i taxel Hmeptin Chemotherapy 

+ AC AC Alone + Paci itaxel Alone +Chemotherapy Alane 
Patient Gr0\4) (N=143) (N:138) (N:92) (N=96) . (N=235) (N=234) 

!HC 2+/ 3+ N 
No, of Events 
No. of Censored Obs. 
X Censored 
Median 
95X C.I. 
25· 75 Xile 
Kin • Max 
P·value 

Results .are based on all enrolled patients. 

. 143 
97 
46 

32.2X 
7.8 

(7.3,9.4) 
4.8 • 12.7 

0.26* • 23.91* 

138 
·119 

19 
13.8X 

6. 1 
. (4.9,7. 1) 

3.7 • 9.7 
0.20* • 26,74* 

0.0002 

92 
63 
29 

~ 
3.7 . 12.6 

0.00- • 21.38* 

Note: • Indicates that Kaplan·Heier est ima tes are not available due to extensive censoring. 
· * lndicates censored observation. p·values are coaput ed using log·rank test. 

Source: Bfostat l sti cs(aiyu~). pgm(/il!lWno/her2/h0648g/label2000/biostat/t_pd_2trt_ f ish_avai I) 
Database Status: CLOSED (Cl 1n1cal Data of 180CT99, FISH Data of 11FEB00) 
label .IJnenaoent 2000: Generated 11JULOO 11:06 Page 1 of 1 

96 
90 
6 

(~ 
1.6 • 5.4 

0.03 • 13.29* 
0.0001 

235 
160 
75 

31. 9Y. 
7.4 

(7.0, 9.0) 
4.4 . 12.7 

0.00* • 23. 91* 

EXHIBIT B 

234 
209 

25 
10.n: 

4.6 
(4.4,5.4) 
2.0. 7.6 

0.03 • 26.74* 
0.0001 

·--------- -- --·-
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Genentech, Inc. 
lristitution: Hulticenter 

Table I 

Sttxfy: H0650g 
HERCEPTIH CR) in Breast Cancer 

Jige (Hcnths) to Disease Progression in Sttxfy H0650g: Xaplan·Heier Statistics 

Pat lent Group 

Received Prior Anthracycl ine H 
Ho. of Events 
No. of Censored Obs. 
X Censored 
Median 
95X C. l. 
25-75 rne 
Min • Max 

2 r.g/kg 
(H:33) 

33 
28 
5 

15.2X 
3.5 

(3.3,6.3) 
1.9 • 12.4 

0.16 • 20.39• 

Hote: • Indicates that Xaplan·Heier estii:ates are not available due to extensive censoring. 
• lrdicates censored observation. 

Source: 81 ostat i st I cs( tl)WI) pg.:l(/illllW/herZ/h0650g/explore00/biostat/t_pd _prevanc) 
Oatab.m Status: ClOSEO (Clinical Data of 140CT99, FISH Data of 11ff800) 
H0650g Exploratory Analysis 2000: Generated 08Al/GOO 15:07 

4 i:s/kg 
(~=25) 

25 
21 
4 

16.0X 
3.5 

(1.9,5.6) 
1.8 . 7.1 

0.72 • 13.82* 

Total 
CN=58l 

58 
49 
9 

® ( 
1.8 • 8.7 

0.16 • 20.39* 

. EXHIBIT C 
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PDR® entry for 
Taxol lnjection (Bristol-Myers Squibb Oncology/Immunology) 

I Warnings 

AXOL® (paclitaxel) Injection should be administered under the supervision of a 
hysician experienced in the use of cancer chemotherapeutic agents. Appropriate 
anagement of complications is possible only when adequate diagnostic and treatment 

acilities are readily available. 

. aphylaxis and severe hypersensitivity reactions characterized by dyspnea and I 
! 1ypotension requiring treatment, angioedema, and generalized urticaria have occurred 
1
1
1 

• n 2%-4% of patients receiving T AXOL in clinical trials. Fatal reactions have occurred 
: · n patients despite premedication. All patients should be pretreated with corticosteroids, 
j iphenhydramine, and H 2 antagonists. (See DOSAGE AND ADMINISTRATION 
1 

ti on.) Patients who experience severe hypersensitivity reactions to T AXOL should 

1 
ot be rechallenged with the drug. 

AXOL therapy should not be given to patients with solid tumors who have baseline I 
1 eutrophil counts ofless than 1,500 cells/mm 3 and should not be given to patients with! 

S-related Kaposi's sarcoma if the baseline neutrophil count is less than I 000 l 
lls/mm 3 . In order to monitor the occunence of bone marrow suppression, primarily I 

I eutropenia, which may be severe and result in infection, it is recommended that 
equent periI?h~ __ bl~ .. ~~-co~ts _!?e ~formed?.~ al:~.P.~~-~ts receiving T A?'OL. 

( totop) 

DESCRIPTION 

T AXOL® (paclitaxel) Injection is a clear colorless to slightly yellow viscous solution. It is supplied as a 
nonaqueous solution intended for dilution with a suitable parenteral fluid prior to intravenous infusion. 
TAXOL is available in 30 mg (5 mL), 100 mg (16.7 mL), and 300 mg (50 mL) multidose vials. Each 
mL of sterile nonpyrogenic solution contains 6 mg paclitaxel, 527 mg of purified Cremophor® EL * 
(polyoxyethylated castor oil) and 49.7% (v/v) dehydrated alcohol, USP. -

Paclitaxel is a natural product with antitumor activity. T AXOL is obtained via a semi-synthetic process 
from Taxus baccata . The chemical name for paclitaxel is 
S(beta),20-Epoxy-l ,2(alpha),4, 7(beta), 1O(beta), l3(alpha)-hexahydroxytax-l l-en-9-one 4, 10-diacetate 
2-benzoate 13-ester with (2 R ,3 S )- N -benzoyl-3-phenylisoserine. 

Paclitaxel bas the following structural formula: 

EXHIBIT D 

8121/00 2:16 p~ 
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:;········· ··············-·· .... 
~: 
:: 

!! 
~ l 

~ l 

• -.. .. :~ .. w..;;:;~;:~~ .... ~:.... ... .Z..~-~H•O'-_....,..";: .:": ::"::":.:.:::.:..:.::"".::::::..::::~: . ;;;~ ••••. : :.:..:...:.::::.::.:.:.:.::~~"'::: •• :~;:::::~:-. .:::-: ,,,,,::::~•f 

1i 

H,C~Q P OH :1 
- fl CH,._f i! 

!j O/.~(H it -~>~" ::: 1:~ 
. ./~.,...~cy-·· i ~ ~~o 

Ii \=-;i 
~ l .......... ···············~~~::....'"'!"~;;,~~~:.:.:.-.:.:.~;: .... :-.:.-;.:~-;: ... -::.":":":~~~::::.::.::.:.::::::::: ::;::~::::~: :: ::;>::;:~:.:.::.: : :.::;::::::.::::;:.::.:.:;.:..:;,:..:.:.:.:..:.:.:..:..:.:.:..i 

Paclitaxel is a white to off-white crystalline powder with the empirical formula C 47 H 51 NO14 and a 
molecular weight of 853.9. It is highly lipophilic, insoluble in water, and melts at around 216-2 l 7°C. 

(back"' top) 

CLINICAL PHARMACOLOGY 

Paclitaxel is a novel antimicrotubule agent that promotes the assembly of microtubules from tubulin 
dimers and stabilizes microtubules by preventing depolymerization. Tilis stability results in the 
inhibition of the normal dynamic reorganization of the microtubule network that is essential for vital 
interphase and mitotic cellular functions. In addition. paclitaxel induces abnormal arrays or "bundles" of 
micro tubules throughout the cell cycle and multiple asters of microtubules during mitosis. 

Following intravenous administration ofT AXOL, paclitaxel plasma concentrations declined in a 
biphasic manner. The initial rapid decline represents distribution to the peripheral compartment and 
elimination of the drug. The later phase is due, in part, to a relatively slow efflux of paclitaxel from the 
peripheral compartment. 

Pharmacokinetic parameters of paclitaxel following 3- and 24-hour infusions of T AXOL at dose levels 
of 135 and 175 mg/m 2 were determined in a Phase 3 randomized study in ovarian cancer patients and 
are summarized in the following table: 

8121/00 2:16 PM 
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It appeared that with the 24-hour infusion ofTAXOL, a 30% increase in dose {135 mg/m 2 versus 175 
mg/m 2) increased the C max by 87%, whereas the AUC (0-(infinity)) remained proportional. However, 
with a 3-hour infusion, for a 30% increase in dose, the C max and AUC (0-(infinity)) were increased by 
68% and 89%, respectively. The mean apparent volwne of distribution at steady state, with the 24-hour 
infusion of T AXOL, ranged from 227 to 688 Um 2 , indicating extensive extravascular distribution 
and/or tissue binding of paclitaxel. 

The pharmacokinetics of paclitaxel were also evaluated in adult cancer patients who received single 
doses of 15-135 mg/m 2 given by 1-hour infusions (n=l5), 30-275 mg/m 2 given by 6-hour infusions 
(n=36}, and 200-275 mg/m 2 given by 24-hour infusions (n=54) in Phase 1 & 2 studies. Values for CL T 

and volume of distribution were consistent with the findings in the Phase 3 study. The pharmacokinetics 
of T AXOL in patients with AIDS-related Kaposi's sarcoma have not been studied. 

In vitro studies of binding to hwnan serum proteins, using paclitaxel concentrations ranging from 0.1 to 
50 µg/mL, indicate that between 89%-98% of drug is bound; the presence of cimetidine, ranitidine, 
dexamethasone, or diphenhydramine did not affect protein binding of paclitaxel. 

After intravenous administration of 15-275 mg/m 2 doses of T AXOL as 1-, 6-, or 24-hour infusions, 
mean values for cumulative urinary recovery of unchanged drug ranged from 1.3% to 12.6% of the dose, 
indicating extensive non-renal clearance. In five patients administered a 225 or 250 mg/m 2 dose of 
radio labeled T AXOL as a 3-hour infusion, a mean of 71 % of the radioactivity was excreted in the feces 
in 120 hours, and 14% was recovered in the urine. Total recovery of radioactivity ranged from 56% to 
101% of the dose. Paclitaxel represented a mean of5% of the administered radioactivity recovered in the 
feces, while metabolites, primarily 6(alpha)-hydroxypaclitaxel, accounted for the balance. In vitro 
studies with human liver microsomes and tissue slices showed that paclitaxel was metabolized primarily 
to 6(alpha)-hydroxypaclitaxel by the cytochrome P450 isozyrne CYP2C8; and to two minor metabolites, 
3'- p -hydroxypaclitaxel and 6(alpha), 3'- p -dihydroxypaclitaxel, by CYP3A4. In vitro, the metabolism 
of paclitaxel to 6(alpha)-hydroxypaclitaxel was inhibited by a number of agents (ketoconazole, 
verapamil, diazeparn, quinidine, dexarnethasone, cyclosporin, teniposide, etoposide, and vincristine), but 
the concentrations used exceeded those found in vivo following normal therapeutic doses. Testosterone, 
l 7(alpha)-ethinyl estradiol, retinoic acid, and quercetin, a specific inhibitor of CYP2C8, also inhibited 
the formation of 6{alpha)-hydroxypaclitaxel in vitro. The phannacokinetics of paclitaxel may also be 
altered in vivo as a result of interactions with compounds that are substrates, inducers, or inhibitors of 
CYP2C8 and/or CYP3A4. (See PRECAUTIONS: Drug Interactions section.) The effect of renal or 
hepatic dysfunction on the disposition of paclitaxel has not been investigated. 

Possible interactions ofpaclitaxel with concomitantly administered medications have not been formally 
investigated. 

*Cremophor® EL is the registered trademark of BASF Aktiengesellshaft. Cremophor® EL is further 
purified by a Bristol-Myers Squibb Company proprietary process before use. 
(back to top) 

CLINICAL STUDIES 

Ovarian Carcinoma: 

First-Line Data -The safety and efficacy ofTAXOL (paclitaxel) Injection (135 mg/m 2 over 24 hours) 
in combination with cisplatin (75 mg/m 2) in patients with advanced ovarian cancer and no prior 
chemotherapy were evaluated in a Phase 3 multicenter, randomized, controlled (vs. cyclophospharnide 
750 mg/m 2 /cisplatin 75 mg/m 2 ) clinical trial conducted by the Gynecologic Oncology Group (GOG). 
A total of 410 patients with Stage III or IV disease {>I cm residual disease after staging laparotomy or 

8121100 2:16 PM 
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distant metastases) were randomized. Patients treated with TAXOL in combination with cisplatin had 
significantly longer time to progression (median 16.6 vs. 13.0 months, p=0.0008) and nearly a year 
longer median survival time (p=0.0002) compared with standard therapy. 

'l~th_~logical Complete ~~~~e ___________ ] 

1 t::~t) ... -----............. :F. 21 JEi~~:._~--~I.. -................ -~ ........................... ! 
i [D:rue to Progrcss1ou I 

[ 10 Includes patients with pathological complete response plus patients with microscopic residual 

! !disease. . ·······-··-··-··· 

The adverse event profile for patients receiving T AXOL in combination with cisplatin in this study was 
generally consistent with that seen for the pooled analysis of data from 812 patients treated with 
single-agent T AXOL in 10 clinical studies. These adverse events and adverse events from the Phase 3 
first-line ovarian carcinoma study are described in the ADVERSE REACTIONS section in tabular 
(Tables 8 and 9) and narrative form. 

Second-Line Data --Data from five Phase 1 & 2 clinical studies (189 patients), a multicenter 
randomized Phase 3 study (407 patients), as well as an interim analysis of data from more than 300 
patients enrolled in a treatment referral center program were used in support of the use ofTAXOL in 
patients who have failed initial or subsequent chemotherapy for metastatic carcinoma of the ovary. Two 
of the Phase 2 studies (92 patients) utilized an initial dose of 13 5 to 170 mg/m 2 in most patients (>900/o) 
administered·over 24 hours by continuous infusion. Response rates in these two studies were 22% (95% 
Cl: 11% to 37%) and 30% (95% Cl: 18% to 46%) with a total of 6 complete and 18 partial responses in 
92 patients. The median duration of overall response in these two studies measured from the first day of 
treatment was 7.2 months (range: 3.5-15.8 months) and 7.5 months (range: 5.3-17.4 months), __ .-~ 
respectively. The median survival was 8.1 months (range: 0.2-36.7 months) and 15.9 months (range; ' 
1.8-34.5+ months). 

The Phase 3 study had a bifactorial design and compared the efficacy and safety ofTAXOL, 
administered at two different doses (135 or 175 mg/m 2) and schedules (3- or 24-hour infusion). The 
overall response rate for the 407 patients was 16.2% (95% Cl: 12.8% to 20.2%) with 6 complete and 60 

8/21/00 2:16 PM 

1567 of 2036 Celltrion, Inc., Exhibit 1004



PDR - 'faxol lnjection(Bristol-Myers Squibb 9n-,_cology/lmmunology) http://www.pdrel .c~pdr/static.htm ?path=pdreVpdr/ 10501050.htm 

S of28 

partial responses. Duration of response, measured from the first day of treatment was 8.3 months (range: 
3.2-21.6 months). Median time to progression was 3.7 months (range 0.1+- 25.1+ months). Median 
survival was 11.5 months (range: 0.2-26.3+ months). 

Response rates, median swvival and median time to progression for the 4 arms are given in the 
following table. 

Analyses were performed as planned by the bifactorial study design described in the protocol, by 
comparing the two doses (135 or 175 mg/m 2) irrespective of the schedule (3 or 24 hours) and the two 
schedules irrespective of dose. Patients receiving the 175 mg/m 2 dose had a response rate similar to that 
for those receiving the 135 mg/m 2 dose: 18% vs. 14% (p=0.28). No difference in response rate was 
detected when comparing the 3-hour with the 24-hour infusion: 15% vs. 17% (p=0.50). Patients 
receiving the 175 mg/m 2 ofTAXOL had a longer time to progression than those receiving the 135 
mg/m 2 dose: median 4.2 vs. 3.1 months (p=0.03). The median time to progression for patients receiving 
the 3-hour vs. the 24-hour infusion was 4.0 months vs. 3.7 months, respectively. Median survival was 
11.6 months in patients receiving the 175 mg/m 2 dose of T AXOL and 11.0 months in patients receiving 
the 135 mg/m 2 dose (p=0.92). Median survival was 11.7 months for patients receiving the 3-hour 
infusion of T AXOL and 11.2 months for patients receiving the 24-hour infusion (p=0.91 ). These 
statistical analyses should be viewed with caution because of the multiple comparisons made. 

T AXOL remained active in patients who had developed resistance to platinwn-containing therapy 
(defined as tumor progression while on, or tumor relapse within 6 months from completion of, a 
platinwn-containing regimen) with response rates of 14% in the Phase 3 study and 31 % in the Phase & 
2 clinical studies. 

The adverse event profile in this Phase 3 study was consistent with that seen for the pooled analysis of 
data from 812 patients treated in I 0 clinical studies. These adverse events and adverse events from the 
Phase 3 second-line ovarian carcinoma study are described in the ADVERSE REACTIONS section in 
tabular (Tables 8 and 10) and narrative form. - --·--

The results of the randomized study support the use ofTAXOL (paclitaxel) Injection at doses of 135 to 
175 mg/rn 2 , administered by a 3-hour intravenous infusion. The same doses administered by 24-hour 
infusion were more toxic. However, the study had insufficient power to determine whether a particular 
dose and schedule produced superior efficacy. 

Breast Carcinoma: Data from 83 patients accrued in three Phase 2 open label studies and from 471 
patients enrolled in a Phase 3 randomized study were available to support the use ofTAXOL in patients 
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with metastatic breast carcinoma. 

Phase 2 open label studies -Two studies were conducted in 53 patients previously treated with a 
maximum of one prior chemotherapeutic regimen. T AXOL was administered in these two trials as a 
24-hour infusion at initial doses of250 mg/m 2 (with G-CSF support) or 200 mg/m 2 . The response 
rates were 57% (95% CI: 37% to 75%) and 52% (95% CI: 32% to 72%), respectively. The third Phase 2 
study was conducted in extensively pretreated patients who had failed anthracycline therapy and who 
had received a minimum of two chemotherapy regimens for the treatment of metastatic disease. The 
dose of T AXOL was 200 mg/m 2 as a 24-hour infusion with G-CSF support. Nine of the 30 patients 
achieved a partial response, for a response rate of 300/o (95% CI: 15o/o-500/o). 

Phase 3 randomized study - This multicenter trial was conducted in patients previously treated with one 
or two regimens of chemotherapy. Patients were randomized to receive T AXOL at a dose of either 175 
mglm 2 or 135 mg/m 2 given as a 3-hour infusion. In the 471 patients enrolled, 60% had symptomatic 
disease with impaired performance status at study entry, and 73% had visceral metastases. These 
patients had failed prior chemotherapy either in the adjuvant setting (30%), the metastatic setting (39%), 
or both (31 %). Sixty-seven percent of the patients had been previously exposed to anthracyclines and 
23% of them had disease considered resistant to this class of agents. 

The overall response rate for the 454 evaluable patients was 26% (95% CI: 22o/o-30%), with 17 complete 
and 99 partial responses. The median duration of response, measured from the first day of treatment, was 
8.1 months (range: 3.4-18. l +months). Overall for the 471 patients, the median time to progression was 
3.5 months (range: 0.03-17.l months). Median survival was 11.7 months (range: 0-18.9 months). 

Response rates, median survival and median time to progression for the 2 arms are given in the 
following table. 

rTafi1c-:ETrrrc';\;c}"i!tl3.re.)si:·eanc:Ctarter"Fa't1~1's:e''ot"l'1'lfttii''tlie!Ji«;·a~e1:&'iJ~~,·01~·11 
:! \ Vithin 6 M o11tl1s of Adjuvant Tlterapy 1= 

I I 

t Response 

175/3 
(n=235) II 

135/3 
(n=236) 

I 

I - ~:: (percent> 11 28 11 !L 22 l 
'l~-=p-=val~u=e=_= ____ =~ .. _========:ij~====~l~l=o=.13=5=:H~======~l11 

I -median (monlhSf~ 
1........... ........ .. II ll.7 ll ............ 1 10.5 ) 

L:.p-value ....................... .. JL ... 'I _j o.n1 IL ············-·-····· .. ...! i 
The adverse event profile of the patients who received single-agent T AXOL in the Phase 3 study was 
consistent with that seen for the pooled analysis of data from 812 patients treated in 10 clinical studies. 
These adverse events and adverse events from the Phase 3 breast carcinoma study are described in the 
ADVERSE REACTIONS section in tabular (Tables 8 and 11) and narrative form. 
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Non-Small Cell Lung Carcinoma (NSCLC) -In a Phase 3 open label randomized study conducted by 
the Eastern Cooperative Oncology Group (ECOG), 599 patients were randomized to either T AXOL (T) 
135 mg/m 2 as a 24-hour infusion in combination with cisplatin (c) 75 mg/m 2, TAXOL (T) 250 mg/m 2 

as a 24-hour infusion in combination with cisplatin (c) 75 mg/m 2 with G-CSF support, or cisplatin (c) 
75 mg/m 2 on day 1, followed by etoposide (VP) 100 mg/m 2 on days 1, 2, and 3 (control). 

Response rates, median time to progression, median survival, and one-year survival rates are given in the 
following table. The reported p-values have not been adjusted for multiple comparisons. There were 
statistically significant differences favoring each of the T AXOL plus cisplatin arms for response rate and 
time to tumor progression. There was no statistically significant difference in survival between either 
T AXOL plus cisplatin arm and the cisplatin plus etoposide arm. 

In the ECOG study, the Functional Assessment of Cancer Therapy-Lung (FACT-L) questionnaire had 
seven subscales that measured subjective assessment of treatment. Of the seven, the Lung Cancer 
Specific Symptoms subscale favored the T AXOL 135 mg/m 2 /24 hour plus cisplatin arm compared to 
the cisplatin/etoposide arm. For all other factors, there was no difference in the treatment groups. 

The adverse event profile for patients who received T AXOL in combination with cisplatin in this study 
was generally consistent with that seen for the pooled analysis of data from 812 patients treated with 
single-agent T AXOL in 10 clinical studies. These adverse events and adverse events from the Phase 3 
first-line NSCLC study are described in the ADVERSE REACTIONS section in tabular (Tables 8 and 
12) and narrative form. 

AIDS-Related Kaposi's Sarcoma: Data from two Phase 2 open label studies support the use of 
T AXOL as second-line therapy in patients with AIDS-related Kaposi's sarcom!L Fifty-nine of the 85 
patients enrolled in these studies had previously received systemic therapy, including interferon alpha 
(32%), DaunoXome® (31 %), DOXIL® (2%) and doxorubicin containing chemotherapy (42%), with 
64% having received prior anthracyclines. Eighty-five percent of the pretreated patients had progressed 
on, or could not tolerate, prior systemic therapy. 
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In Study CA139-174 patients received TAXOL at 135 mg/m 2 as a 3-hour infusion every 3 weeks 
(intended dose intensity 45 mg/m 2 /week). If no dose-limiting toxicity was observed, patients were to 
receive 155 mg/m 2 and 175 mg/m 2 in subsequent courses. Hematopoietic growth factors were not to be 
used initially. In Study CA139-281 patients received TAXOL (paclitaxel) Injection at 100 mg/m 2 as a 
3-hour infusion every 2 weeks (intended dose intensity 50 mg/m 2 /week). In this study patients could be 
receiving hematopoietic growth factors before the start ofTAXOL therapy, or this support was to be 
initiated as indicated; the dose of T AXOL was not increased. The dose intensity of T AXOL used in this 
patient population was lower than the dose intensity recommended for other solid tumors. 

DuanoXome® is a registered trademark of NeXstar Pharmaceuticals, Inc. DOXIL® is a registered 
trademark ofSequus Pharmaceuticals, Inc. 

All patients had widespread and poor risk disease. Applying the ACTG staging criteria to patients with 
prior systemic therapy, 93% were poor risk for extent of disease (T 1 ), 88% had a CD4 count <200 

cells/mm 3 (I 1 ), and 97% had poor risk considering their systemic illness (S 1 ) . 

All patients in Study CA 139-174 had a Kamofsky performance status of 80 or 90 at baseline; in Study 
CA139-281, there were 26 (46%) patients with a Kamofsky performance status of 70 or worse at 
baseline. · 

Although the planned dose intensity in the two studies was slightly different ( 45 mg/m 2 /week in Study 
CA139-174 and 50 mg/m 2 /week in Study CA139-281), delivered dose intensity was 38-39 mg/m 2 
/week in both studies, with a similar range (20-24 to 51-61). 

Efficacy-The efficacy ofTAXOL was evaluated by assessing cutaneous tumor response according to 
the amended ACTG criteria and by seeking evidence of clinical benefit in patients in six domains of 
symptoms and/or conditions that are commonly related to AIDS-related Kaposi's sarcoma. 

Cutaneous Tumor Response (Amended ACTG Criteria)- The objective response rate was 59% (95% 
CI: 46% to 72%) (35 of 59 patients) in patients with prior systemic therapy. Cutaneous responses were 
primarily defined as flattening of more than 50% of previously raised lesions. 
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The median time to response was 8.1 weeks and the median duration of response measured from the first 
day of treatment was 10.4 months (95% CI: 7.0 to 11.0 months) for the patients who had previously 
received systemic therapy. The median time to progression was 6.2 months (95% CI: 4.6 to 8.7 months). 

Additional Clinical Benefit- Most data on patient benefit were assessed retrospectively (plans for such 
analyses were not included in the study protocols). Nonetheless, clinical descriptions and photographs 
indicated clear benefit in some patients, including instances of improved pulmonary function in patients 
with pulmonary involvement, improved ambulation, resolution of ulcers, and decreased analgesic 
requirements in patients with KS involving the feet and resolution of facial lesions and edema in patients 
with KS involving the face, extremities and genitalia. 

Safety- The adverse event profile of T AXOL administered to patients with advanced HIV disease and 
poor-risk AIDS-related Kaposi's sarcoma was generally similar to that seen in a pooled analysis of data 
from 812 patients with solid tumors. These adverse events and adverse events from the Phase 2 
second-line Kaposi's sarcoma studies are described in the ADVERSE REACTIONS section in tabular 
(Tables 8 and 13) and narrative form. In this immunosuppressed patient popUlation, however, a lower 
dose intensity of T A.XOL and supportive therapy including hematopoietic growth factors in patients 
with severe neutropenia are recommended. Patients with AIDS-related Kaposi's sarcoma may have more 
severe hematologic toxicities than patients with solid tumors. 

(back to top) 

INDICATIONS 

T AXOL is indicated as first-line and subsequent therapy for the treatment of advanced carcinoma of the 
ovary. As first-line therapy, TA.XOL is indicated in combination with cisplatin. 

TAXOL is indicated for the treatment of breast cancer after failure of combination chemotherapy for 
metastatic disease or relapse within 6 months of adjuvant chemotherapy. Prior therapy should have 
included an anthracycline unless clinically contraindicated. 

T AXOL, in combination with cisplatin, is indicated for the first-line treatment of non-small cell lung 
cancer in patients who are not candidates for potentially curative surgery and/or radiation therapy. 

T AXOL is indicated for the second-line treatment of AIDS-related Kaposi's sarcoma_ 

(back to to/i) 

CONTRAINDICATIONS 

T AXOL is contraindicated in patients who have a history of hypersensitivity reactions to T AXOL or 
other drugs formulated in Cremophor® EL (polyoxyethylated castor oil). 
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T AXOL should not be used in patients with solid tumors who have baseline neutrophil cowits of <1500 
cells/mm 3 or in patients with AIDS-related Kaposi's sarcoma with baseline neutrophil counts of <1000 
cells/mm 3 . 

(back to top) 

WARNINGS 

Anaphylaxis and severe hypersensitivity reactions characteriud by dyspnea and hypotension requiring 
treatment. angioedema, and generalized urticaria have occurred in 2%-4% of patients receiving TAXOL 
in clinical trials. Fatal reactions have occurred in patients despite premedication. All patients should be 
pretreated with corticosteroids, diphenhydramine, and H2 antagonists. (See DOSAGE AND 
ADMINISTRATION section.) Patients who experience severe hypersensitivity reactions to TAXOL 
should not be rechatlenged with the drug. 

Bone marrow suppression (primarily neutropenia) is dose-dependent and is the dose-limiting toxicity. 
Neutrophil nadirs occurred at a median of 11 days. T AXOL should not be administered to patients with 
baseline neutrophil counts of less than 1500 cells/mm 3 ( <1000 cells/mm 3 for patients with KS). 
Frequent monitoring of blood counts should be instituted during T AXOL treatment. Patients should not 
be re-treated with subsequent cycles of T AXOL until neutrophils recover to a level > 1500 cells/mm 3 
{>I 000 cells/mm 3 for patients with KS) and platelets recover to a level > 100,000 cells/mm 3 . 

Severe conduction abnormalities have been docwnented in <1 % of patients during T AXOL therapy and 
in some cases requiring pacemaker placement. lf patients develop significant conduction abnormalities 
during T AXOL infusion, appropriate therapy should be administered and continuous cardiac monitoring 
should be performed during subsequent therapy with T AXOL. 

Pregnancy: T AXOL can cause fetal harm when administered to a pregnant woman. Administration of 
paclitaxel during the period of organogenesis to rabbits at doses of 3.0 mg/kg/day (about 0.2 the daily 
maximum recommended human dose on a mg/m 2 basis) caused embryo- and fetotoxicity, as indicated 
by intrauterine mortality, increased resorptions and increased fetal deaths. Maternal toxicity was also 
observed at this dose. No teratogenic effects were observed at 1.0 mg/kg/day (about 1115 the daily 
maximwn recommended human dose on a mg/m 2 basis); teratogenic potential could not be assessed at 
higher doses due to extensive fetal mortality. 

There are no adequate and well-controlled studies in pregnant women. IfTAXOL (paclitaxel) Injection 
is used during pregnancy, or ifthe patient becomes pregnant while receiving this drug, the patient should 
be apprised of the potential hazard to the fetus. Women of childbearing potential should be advised to 
avoid becoming pregnant. 

(backwwp) 

PRECAUTIONS 

Contact of the undiluted concentrate with plasticized polyvinyl chloride (PVC) equipment or devices 
used to prepare solutions for infusion is not recommended. In order to minimize patient exposure to the 
plasticizer DEHP [ di-(2-ethylhexyl)phthalate ], which may be leached from PVC infusion bags or sets, 
diluted T AXOL solutions should preferably be stored in bottles (glass, polypropylene) or plastic bags 
(polypropylene, polyolefin) and administered through polyethylene-lined administration sets. 

TAXOL should be administered through an in-line filter with a microporous membrane not greater.then 
0.22 microns. Use of filter devices such as IVEX-2® filters which incorporate short inlet and outlet 
PVC-coated tubing has not resulted in significant leaching ofDEHP. · 

Drug Interactions: ln a Phase I trial using escalating doses ofTAXOL (110-200 mg/m 2) and cisplatin 
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(50 or 75 mg/m 2) given as sequential infusions, myelosuppression was more profound when TAXOL 
was given after cisplatin than with the alternate sequence (i.e., T AXOL before cisplatin). 
Phannacokinetic data from these patients demonstrated a decrease in paclitaxel clearance of 
approximately 33% when T AXOL was administered following cisplatin. 

The metabolism ofTAXOL is catalyzed by cytochrome P450 isoenzymes CYP2C8 and CYP3A4. In the 
absence of formal clinical drug interaction studies, caution should be exercised when administering 
TAXOL concomitantly with known substrates or inhibitors of the cytochrome P450 isoenzymes 
CYP2C8 and CYP3A4. (See CLINICAL PIIARMA:~9LOGX section.) 

Potential interactions between paclitaxel, a substrate of CYP3A4 and protease inhibitors (ritonavir, 
saquinavir, indinavir, and nelfinavir), which are substrates and/or inhibitors of CYP3A4 have not been 
evaluated in clinical trials. 

Reports in the literature suggest that plasma levels of doxorubicin (and its active metabolite 
doxorubicinol) may be increased when paclitaxel and doxorubicin are used in combination. 

Hematology: T AXOL therapy should not be administered to patients with baseline neutrophil counts of 
less than 1,500 cells/mm 3 . In order to monitor the occurrence of myelotoxicity, it is recommended that 
frequent peripheral blood cell counts be performed on all patients receiving T AXOL. Patients should not 
be re-treated with subsequent cycles of T A.XOL until neutrophils recover to a level > 1500 cells/mm 3 
and platelets recover to a level > 100,000 cells/mm 3 . In the case of severe neutropenia ( <500 cells/mm 3 
for seven days or more) during a course ofTAXOL therapy, a 20% reduction in dose for subsequent 
courses of therapy is recommended. 

For patients with advanced HIV disease and poor-risk AIDS-related Kaposi's sarcoma, TAXOL, at the 
recommended dose for this disease, can be initiated and repeated if the neutrophil count is at least 1000 
cells/mm 3. 

Hypersensitivity Reactions: Patients with a history of severe hypersensitivity reactions to products 
containing Cremophor® EL (e.g., cyclosporin for injection concentrate and teniposide for injection 
concentrate) should not be treated with T AXOL. In order to avoid the occurrence of severe 
hypersensitivity reactions, all patients treated with T AXOL should be premedicated with corticosteroids 
(such as dexamethasone), diphenhydramine and H 2 antagonists (such as cimetidine or ranitidine). Minor 
symptoms such as flushing, skin reactions, dyspnea, hypotension or tachycardia do not require 
interruption of therapy. However, severe reactions, such as hypotension requiring treatment, dyspnea 
requiring bronchodilators, angioedema or generalized urticaria require immediate discontinuation of 
T AXOL and aggressive symptomatic therapy. Patients who have developed severe hypersensitivity 
reactions should not be rechallenged with T AXOL. 

Cardiovascular: Hypotension, bradycardia, and hypertension have been observed during 
administration of T AXOL, but generally do not require treatment. Occasionally T AXOL infusions must 
be interrupted or discontinued because of initial or recurrent hypertension. Frequent vital sign 
monitoring, particularly during the first hour of T AXOL infusion, is recommended. Continuous cardiac 
monitoring is not required except for patients with serious conduction abnormalities. (See WARNINGS 
section.) 

Nervous System: Although, the occurrence of peripheral neuropathy is frequent, the development of 
severe symptomatology is unusual and requires a dose reduction of200/o for all subsequent courses of 
TAXOL. 

TAXOL contains dehydrated alcohol USP, 396 mg/mL; consideration should be given to possible CNS 
and other effects of alcohol. (See ~RECAUTIONS: Pediatric Use section.) 

Hepatic: There is evidence that the toxicity of T AXOL is enhanced in patients with elevated liver 
enzymes. Caution should be exercised when administering T AXOL to patients with moderate to severe 
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hepatic impairment and dose adjustments should be considered. 

Injection Site Reaction: Injection site reactions, including reactions secondary to extravasation, were 
usually mild and consisted of erythema, tenderness, skin discoloration, or swelling at the injection site. 
These reactions have been observed more frequently with the 24-hour infusion than with the 3-hour 
infusion. Recurrence of skin reactions at a site of previous extravasation following administration of 
T AXOL at a different site, i.e., "recall", has been reported rarely. 

Rare reports of more severe events such as phlebitis, cellulitis, induration, skin exfoliation, necrosis and 
fibrosis have been received as part of the continuing surveillance ofTAXOL safety. In some cases the 
onset of the injection site reaction either occurred during a prolonged infusion or was delayed by a week 
to ten days. 

A specific treatment for extravasation reactions is Wlk:nown at this time. Given the possibility of 
extravasation, it is advisable to closely monitor the infusion site for possible infiltration during drug 
administration. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: The carcinogenic potential of T AXOL has 
not been studied. 

Paclitaxel has been shown to be clastogenic in vitro (chromosome aberrations in human lymphocytes) 
and in vivo (micronucleus test in mice). Paclitaxel was not mutagenic in the Ames test or the 
CHO/HGPRT gene mutation assay. 

Administration of paclitaxel prior to and during mating produced impairment of fertility in male and 
female rats at doses equal to or greater than I mg/kg/day (about 0.04 the daily maximum recommended 
human dose on a mg/m 2 basis). At this dose, paclitaxel caused reduced fertility and reproductive 
indices, and increased embryo- and fetotoxicity. (See WARNINGS section.) 

Pregnancy: Pregnancy "Category D". (See WARNINGS section.) 

Nursing Mothers: It is not known whether the drug is excreted in human milk. Following intravenous 
administration of carbon-14 labeled T AXOL to rats on days 9 to 10 postp~ concentrations of 
radioactivity in milk were higher than in plasma and declined in parallel with the plasma concentrations. 
Because many drugs are excreted in human milk and because of the potential for serious adverse 
reactions in nursing infants, it is recommended that nursing be discontinued when receiving T AXOL 
therapy. 

Pediatric Use: The safety and effectiveness ofTAXOL in pediatric patients have not been established. 

There have been reports of central nervous system (CNS) toxicity (rarely associated with death) in a 
clinical trial in pediatric patients in which T AXOL was infused intravenously over 3 hours at doses 
ranging from 350 mg/m 2 to 420 mg/m 2 . The toxicity is most likely attributable to the high dose of the 
ethanol component of the T AXOL vehicle given over a short infusion time. The use of concomitant 
antihistamines may intensify this effect. Although a direct effect of the paclitaxel itself cannot be 
discounted, the high doses used in this study (over twice the recommended adult dosage) must be 
considered in assessing the safety ofTAXOL for use in this population. 

(back to top) 

ADVERSE REACTIONS 

Pooled Analysis of Adverse Event Experiences from Single-Agent Studies: Data in the following 
table are based on the experience of 812 patients ( 493 with ovarian carcinoma and 319 with breast 
carcinoma) enrolled in 10 studies who received single-agent T AXOL (paclitaxel) Injection. Two 
hundred and seventy-five patients were treated in eight Phase 2 studies with T AXOL doses ranging from 
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135 to 300 mg/m 2 administered over 24 hours (in four of these studies, G-CSF was administered as 
hematopoietic support). 1bree hundred and one patients were treated in the randomized Phase 3 ovarian 
carcinoma study which compared two doses (135 or 175 mglm 2) and two schedules (3 or 24 hours) of 
T AXOL. Two hundred and thirty-six patients with breast carcinoma received T AXOL (135 or 175 
mg/m 2) administered over 3 hours in a controlled study. 

Table 8: Sununary !..of Adnrse Events in Pat.fonts '\Vith Solid Tumors ll 
Receiving Single-Agent T~X:OL J 
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None of the observed toxicities were clearly influenced by age. 

Disease-Specific Adverse Event Experiences First-Line Ovary in Combination: For the 409 
patients who were evaluable for safety in the Phase 3 first-line ovary combination therapy study, the 
following table shows the incidence of important adverse events. 

Table 9: Frequency !...of Important Adverse Events in the Phase 3 First-Line 
Ovarian Carcinoma Study 

I -'lbiombOcytoperua I~~~=~ 3 II i~ II 3g I 
I -Ariemia lt;:;:::~n=~=:;:~:;;::L====:l:I:======;;~-;;:::; =~,:=, ====>Msg==:I 
I - lntecttons II I 21 II 15 I 

f Hypersensitivity ~~action ! ·-·-------····· I I -Ait · 11 IL s ! ······ir .... -.. 1 ! I 
I -Severe *"' II I 3'"! II -- ! I 
f Peripheral Neuropathy -··· .............. ... I 
I -Ariy symptoms II I 25 II 20 I 
[!! Severe symptoms II II 3 ! JI _ ! I 
f Nausea and Vomiting I 
I - Any symptoms 11 I 65 11 69 I 
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ll~.~ -~evere symptoms j\ II 10 IL_ 11 .J 
I !: M~~~~~~!.~hralgia .... - ............... ___ . __ ...... .... _. __ .. ··-·---... ::J 
[ -Ariy !.~~-~~~--.. --J .=:JL _______ g_!!_ ____ J __ _ .. .2.!!. j 
l E£.~.evere siraptoms I\ ____ .... .... _ ...................... __ JC_ 1 -···1 . .....:!1= = ===· 
' FD1arrhca -
[ :,-xny-symptOms, ....... -. 'if~:: ................ ~-·--=--=rci=--==· =_=16=~r:;-~=::. __ =_=~ .. I~~:=~--~ .. ! .... .. _! 

: 
j 

.I 
! f;i Severe symptoms 11----------1c--4---] 1 

i ~.~~a........ .. ......... • • .. , .. -.- ......... ---•II 

I E~:efi>sylllj>!OmS 11 ..... ·-• ~ 1 _.JL •••" 1
1 I # Any symptoms J[ II 55 ~ =:JI 37 ~ I 

E Severe symptoms Jt ........... _. JI 6 .......... J[ g I 

ID TAXOL <lose in rng/rn. 2 /infusion duration in hours. 
~~~}~ .. ~W~ ... 2 ~- .. . ......... =..c.:·:-.. .. ::·.·:::.:. .. ·:::..·: · -.-.. -- -•.•• --' ... _=· ::.:......--. __;:::::.:·:.:.:.: .. .. :.:.:.: .... :.:.:.: .... = .... =-... = .... """.:......:::.:.======= ... = .... ::::::;.Ju 

1

1 ~05 by Fisher exa~-~t:.... .... - -·-··- "".......... l 
[<All patients received premedication. 

i l*..*. .. ~.~vere events ~e de§~ .. ~ at .!~ Grade III to~~!X: .............. _......... .. 

Second-Line Ovary: For the 403 patients who received single-agent T AXOL (paclitaxel) Injection in 
the Phase 3 second-line ovarian carcinoma study, the following table shows the incidence of important 
adverse events. 
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'

...... Table 10: Frequency !.of Important Ad':erse Events in the Phase 3 Second-Line Ovarian . -··[1 
Carcmoma Study ' 

i . 
I ! 
1 r==-· .. ····-- !f ........... ......... '! Pereent of Patients ... 1 1 

Ir - - --···-·- mm---1 li ::~t a=:'t:sf] l!~~ ii :!~t ~I 

'F:mm-- l;~i - JODI ~~ r -Ir --11 ~~ 
1_-Thiom60cytopema I~.~~~-~...... IDJCDCIJI ~ 

r: ' j~ __ ... _JI ft If rz JI ....... ~ ... JI ~g 
!........ .............. -···· it . ] 26 )[ 29 l 20 . [._, 18 
(!!yperse_1:1sitivity Reaction ~ I 
L..~ .. ~r ........ JL 11 .......... ~I - rr·- 45 11 38 lL ...... ~ .. ~ I i 
C: .. ~~Y.~~ .. ~~. IL................................ II ~ .. JL. ......... ~ ........... ..JL ........ 3. !! 1 J I 

! E Based on worst course analysis. .. ... , 

l ~.!.~OL d~~-~...,~~~-~ /i_nfusion dunrt!:~~ in~~:- i ~ 
I ~~~;~,~~O,~~~~"*~t~~l'Gla"JefifrnXfcl)\i~'-·· ·m :' "'"' ' '''""~'.'."'.'. _ .••••....•.. .•• : :•'.'.".~': ! 
Myelosuppression was dose and schedule related, with the schedule effect being more prominent The 
development of severe hypersensitivity reactions (HSRs) was rare; 1 % of the patients and 0.2% of the 
courses overall. There was no apparent dose or schedule effect seen for the HSRs. Peripheral neuropathy 
was clearly dose-related, but schedule did not appear to affect the incidence. 

Breast: For the 458 patients who received single-agent T AXOL in the Phase 3 breast carcinoma study, 
the following table shows the incidence of important adverse events by treatment ann (each arm was 
administered by a 3-hour infusion). 
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;n·-..··-•~··••• 

! Table -it:· Frequency !..oflmpormnt Adverse Event' in the Phase 3 Breast 
' Carcinoma Study i 

I... ---- ----.... ,.. ········· ·· ~~=::::::::it:::.: ........ :~_ :''.'..'.'.'.'.'~'..'.'.'.'_'_"~=.~'_"_""'"'.'~t~4)~~~~~t.F.~~c~!~~::::::] 

I ............................................... ,......... [ .. .. ..... ______ ....................... ~ ..... ¥.~~~--.. .JL c!?~~i~ vl 
It~.!,~- i 2~; r ro-- I- &~ 
t;:oo~~-:----1~=-j -~f-:-~---l I i 
C:::................ I~~·-··--·-·- .~I . ~ II X=1 
l....~J~~~ctions .. · ............. JL.. .. ..JL ....... }.~ ........... J[ 15 I 
I [~~;:-:~:~~~:i~:i-JC ......... % .. _ JI 2 [ .----~ .. , . .-.... :J 

l~t=E:g~c~:.::-~=~~~~~~--~-- ~~~=~ 
· c··::·sc\ic1-esY!ii_rit~)ir~~i.:::~·~··::··:·~··u ...... , ....................... .JL ............ ?. IC:..:~ ......... , ... J 
~~!~ - -~ ..... -- -·-·-··--- I 
L: Any symptoms . -........ fc=__ ... JL._... ~~ lf ! 7 ! i 
LJever~ .. ~~1P..~~ms !! ![_....................... IL 3 lL ...... , ... ~~ ............. ..J ij; 

f. .. ~ .. ~n. worst co~~_t1.t:1~¥3.~~: ............ __..... .. .... -. .. -.......................................................... I 

1~?~~~~~;:~iii~:Cl~{·~·~~-~~---=:--=-·- --j I 
Myelosuppression and peripheral neuropathy were dose related. There was one severe hypersensitivity 
reaction (HSR) observed at the dose of 135 mg/m 2 . 

First-Line NSCLC in Combination: In the study conducted by the Eastern Cooperative Oncology 
Group (ECOG), patients were randomized to either T AXOL (T) 135 mg/m 2 as a 24-hour infusion in 
combination with cisplatin (c) 75 mg/m 2, TAXOL (T) 250 mg/m 2 as a 24-hour infusion in 
combination with cisplatin (c) 75mg/m 2 with G-CSF support, or cisplatin (c) 75 mg/m 2 on day I , 
followed by etoposide (VP) 100 mg/m 2 on days I, 2 and 3 (control). 

The following table shows the incidence of important adverse events. 

r;:.;:;:. ... ~:.:.:.:.:.:.~ ......... --.:~;~~::.:.:.::::.......:...:::.:;.:.:.::::.:.:.:.:.:.:.·:.-.:.._ .......:..:..:.:::.:::::::::::::.::..::~:.:::!~::.:.:.: .. :.:.:.:.-.:.·: .. :::.:. ... : ...... ..:.:::;::~=:::::::::.::.:.:.:.:. ....... ~:.:.:.:..:.:.:.~:.:.~·:::: .. _ ...... ~ 

:i Tabfo 12: Frcqueuc.y !.of lmporhmt Adverse Events in the Phase 3 Study for i 
·i First-Une NSCLC l 
:! : 

!1 .1 
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L!?.~~ .. ~arrow _ ·-................ ·---······-····................... ....... ... . ...... '........... ... .... .. ........... .... ............... __ 
1-N cutropem a .... ---·----- 1:~:·2;·660/il)·;~;·5--. :·-.. ·-s·9·········· .... 1r·· --··mi···-·········~r--····b4· .. ······-·1 
I . k 50011.nrn 3 [ 74 C:. . ll 65 :i 55 J 
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! ............................ --.. -... - .. ·--··· ......................... ;(~~ .. ~.JV.?.r.: ....................... -ll ............ ??. ............... l!._ ....... J .. ~ ............ .Ji .......... ~.~ ............. l 
Q t!Fctions .... . . L........ ·c··· .. -:rs==:Jr ....... J~.. f--.. -,...:==J 

1 t HrJ>e~!~~itivity Reaction !. --i 
j L .. ~ ~~ ..... . ............. _ _Jc· --···ic __ 16 _JI 2'! IL .. 13 ____ , 
' I -Severe::: ii ......................... ..JL.. ......... ~ ...... .JL ......... ~ .... ........... !L ........ J .=:J 

L. .. ~ .. ~¥-~ymptoms .... ~ ............ _..:JI .. .JL. ....... ...18_:=JL:28 1L __ }.?.. ........ ...J · 
11 - ~vere ~~pfoms ** .JL. ........................................ .JI I __ JL. ........... ~ ............. .JL ..... }-:=J 

I 
f Neuro~ofor Toxicity................ .............. . .. .., .. ~.... .... ........ ... .. .......... ...! 
L~ Any symptoms .......................... ...ll. . .. ........................... JI... ....... . 3.?. ............ ..11 ~7 !L~---J 

! r~~~~·~::: -~~~~;~~-=::·:·:~~-~;~-~;:;=:J 
11 -Severe symptOms-'! iL_ - _]~ 13 I[ : 23~~ .~::r -r"J 
1 @_idiovascular ~!~~~ - .-, ...... ~:.. ------- ..... _=:=! 
I L;y symptoms -jl... 'l ........... .j.~ ......... J!"",, .. .,. I; ........ JL. ____ .}~4 -- J i 

I 
- evere symptoms,:,: L -- . .J ......... _ ... ?. ............ :i .. _ - ............ J ........... ~.__J 

r..~as~. t?T_~.~~'.?1:~r .. ~9.~~~.~-.8:~aly~i.s:............ .. .. ..... .. . .. ....... .. . .......................... ·-······· ........... --i 
I ffAxoC~§~~--~i) i.~~'.·:.i.~~.~.?~-!~.f~~oi.1_·.~~u.·~:;:~jon i:: .. 1.i.~~l~~:~T~~-sf.i_~.t.\·~--.~~~~-.. 1r;·~~~~o/~----~-~~-·:::::::] 
I c TAXOL dose in mg/m :!. /infusion duration in hours with G~CSF support; cisplatin dose in: 
, m.g/m 2 : 
I • - · -.. " .,....,., .. ··· ······••"""''-''" ... - ........................... ....... ...,._.__ ,...,.....,_.....J I ~E:;:1t~ .. (YP) dose in mg.Im 2 ~-= administered 1. V. on~~ 1. 2 and 3; cisplatin ~ . 
i fp<0.05 f i 
i ~-Aii·p~ents received premedication. 1

1

! 
f i•~ .. ~~Y.~ ev~ts ~ .. ~~§iii as at least Grade ID tox1ctty. I 

Toxicity was generally more severe in the high-dose T AXOL (paclitaxel) Injection treatment arm 
(T250/c75) than in the low-dose TAXOL arm (T135/c75). Compared to the cisplatin/etoposide ann, 
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patients in the low-dose T AXOL arm experienced more arthralgia/myalgia of any grade and more severe 
neutropenia The incidence of febrile neutropenia was not reported in this study. 

Kaposi's Sarcoma: The following table shows the frequency of important adverse events in the 85 
patients with KS treated with two different single-agent T AXOL regimens. 
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As demonstrated in this table, toxicity was more pronounced in the study utilizing T AXOL at a dose of 
135 mg/m 2 every 3 weeks than in the study utilizing T AXOL at a dose of 100 mg/m 2 every 2 weeks. 
Notably, severe neutropenia (76% versus 35%), febrile neutropenia (55% versus 9%), and opportunistic 
infections (76% versus 54%) were more common with the former dose and schedule. The differences 
between the two studies with respect to dose escalation and use ofhematopoietic growth factors, as 
described above, should be taken into account. (See CLINICAL STUDIES: AIDS-Related Kaposi's 
Sarcom~ section.) Note also that only 26% of the 85 patients in these studies received concomitant 
treatment with protease inhibitors, whose effect on paclitaxel metabolism has not yet been studied. 

Adverse Event Experiences by Body System: Unless otherwise noted, the following discussion refers 
to the overall safety database of 812 patients with solid tumors treated with single-agent T AXOL in 
clinical studies. Toxicities that occurred with greater severity or frequency in previously untreated 
patients with ovarian carcinoma or NSCLC who received T AXOL in combination with cisplatin and that 
occurred with a difference that was clinically significant in this population are also described. The 
frequency and severity of important adverse events for the Phase 3 first- and second-line ovarian, breast 
carcinoma, NSCLC, and Kaposi's sarcoma studies are presented above in tabular form by treatment ann. 
In addition, rare events have been reported from postmarketing experience or from other clinical studies. 
The frequency and severity of adverse events have been generally similar for patients receiving T AXOL 
for the treatment of ovarian, breast, or lung carcinoma or Kaposi's sarcoma, but patients with 
AIDS-related Kaposi's sarcoma may have more frequent and severe hematologic toxicity, infections, and 
febrile neutropenia. These patients require a lower dose intensity and supportive care. (See CLINIC~ 
STUDIES: Aids-Related Kaposi's Sarcoma section.) Toxicities that were observed only in or were 
noted to have occurred with greater severity in the population with Kaposi's sarcoma and that occurred 
with a difference that was clinically significant in this population are described. 

Hematologic: Bone marrow suppression was the major dose-limiting toxicity of T AXOL. Neutropenia, 
the most important hematologic toxicity, was dose and schedule dependent and was generally rapidly 
reversible. Among patients treated in the Phase 3 second-line ovarian study with a 3-hour infusion, 
neutrophil counts declined below 500 cells/mm 3 in 13% of the patients treated with a dose of 135 mg/m 
2 compared to 27% at a dose of 175 mg/m 2 (p=0.05). In the same study, severe neutropenia (<500 
cells/mm 3) was more frequent with the 24-hour than with the 3-hour infusion; infusion duration had a 
greater impact on myelosuppression than dose. Neutropenia did not appear to increase with cumulative 
exposure and did not appear to be more frequent nor more severe for patients previously treated with 
radiation therapy. 

In the study where T A.XOL was administered to patients with ovarian carcinoma at a dose of 135 mg/m 
2 /24 hours in combination with cisplatin versus the control arm of cyclophosphamide plus cisplatin, the 
incidences of grade IV neutropenia and of febrile neutropenia were significantly greater in the T AXOL 
plus cisplatin arm than in the control arm. Grade IV neutropenia occurred in 81 % on the T AXOL plus 
cisplatin arm versus 58% on the cyclophosphamide plus cisplatin ann, and febrile neutropenia occurred 
in 15% and 4% respectively. On the TAXOUcisplatin ann, there were 35/1074 (3%) courses with fever 
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in which Grade IV neutropenia was reported at some time during the course. When T AXOL followed by 
cisplatin was administered to patients with advanced NSCLC in the ECOG study, the incidences of 
Grade IV neutropenia were 74% (TAXOL 135 mg/m 2 /24 hours followed by cisplatin) and 65% 
(T AXOL 250 mg/m 2 /24 hours followed by cisplatin and G-CSF) compared with 55% in patients who 
received cisplatin/etoposide. 

Fever was frequent (12% of all treatment courses). Infectious episodes occurred in 30% of all patients 
and 9% of all courses; these episodes were fatal in 1 % of all patients, and included sepsis, pneumonia 
and peritonitis. In the Phase 3 second-line ovarian study, infectious episodes were reported in 190/o of the 
patients given either 135 or 175 mg/m 2 dose by a 3-hour infusion. Urinary tract infections and upper 
respiratory tract infections were the most frequently reported infectious complications. In the 
immunosuppressed patient population with advanced HIV disease and poor-risk AIDS-related Kaposi's 
sarcoma, 61 % of the patients reported at least one opportunistic infection. (See CLINICAL STUDIES: 
AIDS-Related Kaposi's Sarcoma section.) The use of supportive therapy, including G-CSF, is 
recommended for patients who have experienced severe neutropenia. (See DOSAGE AND 
AD~~~~TION section.) 

Thrombocytopenia was uncommon, and almost never severe ( <50,000 cells/mm 3 ). Twenty percent of 
the patients experienced a drop in their platelet count below 100,000 cells/mm 3 at least once while on 
treatment; 7% had a platelet count <50,000 cells/mm 3 at the time of their worst nadir. Bleeding episodes 
were reported in 4% of all courses and by 14% of all patients but most of the hemorrhagic episodes were 
localized and the frequency of these events was unrelated to the TAXOL (paclitaxel) Injection dose and 
schedule. In the Phase 3 second-line ovarian study, bleeding episodes were reported in I 0% of the 
patients; no patients treated with the 3-hour infusion received platelet transfusions. ln the Phase 3 
NSCLC study, severe thrombocytopenia was experienced by 6% of the patients in the T AXOL 135 
mg/m 2 /24 hours followed by cisplatin arm. 

Anemia (Hb <l l g/dL) was observed in 78% of all patients and was severe (Hb <8 g/dL) in 16% of the 
cases. No consistent relationship between dose or schedule and the frequency of anemia was observed. 
Among all patients with normal baseline hemoglobin, 69% became anemic on study but only 7% had 
severe anemia. Red cell transfusions were required in 25% of all patients and in 12% of those with 
normal baseline hemoglobin levels. 

Hypersensitivity Reactions (HSRs): All patients received premedication prior to TAXOL (see 
WARNINGS and PRECAUTIONS: Hypersensitivity Reactions sections). The frequency and severity 
of HSRs were not affected by the dose or schedule of T AXOL 8diiiinistration. In the Phase 3 second-line 
ovarian study, the 3-hour infusion was not associated with a greater increase in HSRs when compared to 
the 24-hour infusion. Hypersensitivity reactions were observed in 20% of all courses and in 41 % of all 
patients. These reactions were severe in less than 2% of the patients and 1 % of the courses. No severe 
reactions were observed after course 3 and severe symptoms occurred generally within the first hour of 
T AXOL infusion. The most frequent symptoms observed during these severe reactions were dyspnea, 
flushing, chest pain and tachycardia. 

The minor hypersensitivity reactions consisted mostly of flushing (28%), rash (12%), hypotension (4%), 
dyspnea (2%), tachycardia (2%) and hypertension (I%). The frequency of hypersensitivity reactions 
remained relatively stable during the entire treatment period. 

Rare reports of chills and reports of back pain in association with hypersensitivity reactions have been 
received as part of the continuing surveillance ofT AXOL safety. 

Cardiovascular: Hypotension, during the first 3 hours of infusion, occurred in 12% of all patients and 
3% of all courses administered. Bradycardia, during the first 3 hours of infusion, occurred in 3% of all 
patients and 1 % of all courses. In the Phase 3 second-line ovarian study, neither dose nor schedule had 
an effect on the frequency ofhypotension and bradycardia. These vital sign changes most often caused 
no symptoms and required neither specific therapy nor treatment discontinuation. The frequency of 
hypotension and bradycardia were not influenced by prior anthracycline therapy. 
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Significant cardiovascular events possibly related to single-agent T AXOL occurred in approximately 1 % 
of all patients. These events included syncope, rhythm abnormalities, hypertension and venous 
thrombosis. One of the patients with syncope treated with T AXOL at 175 mg/m 2 over 24 hours had 
progressive hypotension and died. The arrhythmias included asymptomatic ventricular tachycardia, 
bigeminy and complete AV block requiring pacemaker placement. Among patients with NSCLC treated 
with T AXOL in combination with cisplatin in the Phase 3 study, significant cardiovascular events 
occurred in 12%-13%. This apparent increase in cardiovascular events is possibly due to an increase in 
cardiovascular risk factors in patients with lung cancer. 

Electrocardiogram (ECG) abnormalities were common among patients at baseline. ECG abnormalities 
on study did not usually result in symptoms, were not dose-limiting, and required no intervention. ECG 
abnormalities were noted in 23% of all patients. Among patients with a normal ECG prior to study entry. 
14% of all patients developed an abnormal tracing while on study. The most frequently reported ECG 
modifications were non-specific repolarization abnormalities, sinus bradycardia, sinus tachycardia and 
premature beats. Among patients with normal ECGs at baseline, prior therapy with anthracyclines did 
not influence the frequency of ECG abnormalities. 

Cases of myocardial infarction have been reported rarely. Congestive heart failure has been reported 
typically in patients who have received other chemotherapy, notably anthracyclines. (See 
PRECAUTIONS: Drug Interactions section.) 

Rare reports of atrial fibrillation and supraventricular tachycardia have been received as part of the 
continuing surveillance ofTAXOL safety. 

Respiratory: Rare reports of interstitial pneumonia, lung fibrosis and pulmonary embolism have been 
received as part of the continuing surveillance ofT AXOL safety. Rare reports of radiation pneumonitis 
have been received in patients receiving concurrent radiotherapy. 

Neurologlc: The frequency and severity of neurologic manifestations were dose-dependent, but were 
not influenced by infusion duration. Peripheral neuropathy was observed in 60% of all patients (3% 
severe) and in 52% (2% severe) of the patients without pre-existing neuropathy. 

The frequency of peripheral neuropathy increased with cumulative dose. Neurologic symptoms were 
observed in 27% of the patients after the first course of treatment and in 34o/o-5 l % from course 2 to I 0. 

Peripheral neuropathy was the cause of T AXOL discontinuation in 1 % of all patients. Sensory 
symptoms have usually improved or resolved within several months ofTAXOL discontinuation. The 
incidence of neurologic symptoms did not increase in the subset of patients previously treated with 
cisplatin. Pre-existing neuropathies resulting from prior therapies are not a contraindication for T AXOL 
therapy. In patients with NSCLC, administration ofTAXOL followed by cisplatin resulted in greater 
incidence of severe neurotoxicity compared to the incidence in patients with ovarian or breast cancer 
treated with single-agent TAXOL. Severe neurosensory symptoms were noted in 13% ofNSCLC 
patients receiving TAXOL 135 mglm 2 by 24-infusion followed by cisplatin 75 mg/m 2 and 8% of 
NSCLC patients receiving cisplatin/etoposide (see Table 12). 

Other than peripheral neuropathy, serious neurologic events following T AXOL administration have been 
rare (<l %} and have included grand mal seizures, syncope, ataxia and neuroencephalopathy. 

Rare reports of autonomic neuropathy resulting in paralytic ileus have been received as part of the 
continuing surveillance ofTAXOL safety. Optic nerve and/or visual disturbances (scintillating 
scotomata) have also been reported, particularly in patients who have received higher doses than those 
recommended. These effects generally have been reversible. However, rare reports in the literature of 
abnormal visual evoked potentials in patients have suggested persistent optic nerve damage. 

Arthralgia/Myalgia: There was no consistent relationship between dose or schedule of T AXOL and 
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the frequency or severity of arthralgia/myalgia. Sixty percent of all patients treated experienced 
arthralgia/myalgia; 8% experienced severe symptoms. The symptoms were usually transient, occurred 
two or three days after T AXOL administration, and resolved within a few days. The frequency and 
severity of musculoskeletal symptoms remained unchanged throughout the treatment period. 

Hepatic: No relationship was observed between liver function abnormalities and either dose or 
schedule of T AXOL (paclitaxel) Injection administration. Among patients with normal baseline liver 
function 7%, 22% and 19% had elevations in bilirubin, alkaline phosphatase and AST (SGOT), 
respectively. Prolonged exposure to TAXOL was not associated with cumulative hepatic toxicity. 

Rare reports of hepatic necrosis and hepatic encephalopathy leading to death have been received as part 
of the continuing swveillance ofTAXOL safety. 

Renal: Among the patients treated for Kaposi's sarcoma with T AXOL, five patients had renal toxicity 
of grade III or IV severity. One patient with suspected HIV nephropathy of grade IV severity had to 
discontinue therapy. The other four patients had renal insufficiency with reversible elevations of serum 
creatinine. 

Gastrointestinal (GI): Nausea/vomiting, diarrhea and mucositis were reported by 52%, 38% and 31 % 
of all patients, respectively. These manifestations were usually mild to moderate. Mucositis was 
schedule dependent and occurred more frequently with the 24-hour than with the 3-hour infusion. 

In patients with poor-risk AIDS-related Kaposi's sarcoma, nausea/vomiting, diarrhea, and mucositis 
were reported by 69%, 79%, and 28% of patients, respectively. One third of patients with Kaposi's 
sarcoma complained of diarrhea prior to study start. (See CLINICAL STUDIES: A~~.".'.~~~ated 
Kaposi's Sarcoma section.) 

In the first-line Phase 3 ovarian carcinoma study, the incidence of nausea and vomiting when TAXOL 
was administered in combination with cisplatin appeared to be greater compared with the database for 
single-agent T AXOL in ovarian and breast carcinoma. In the same study, diarrhea of any grade was 
reported more frequently (16%) compared to the control arm (8%) (p=0.008), but there was no 
difference for severe diarrhea. 

Rare reports of intestinal obstruction, intestinal perforation, pancreatitis, ischemic colitis, and 
dehydration have been received as part of the continuing surveillance of T AXOL safety. Rare reports of 
neutropenic enterocolitis (typhlitis), despite the coadministration of G-CSF, were observed in patients 
treated with T AXOL alone and in combination with other chemotherapeutic agents. 

Injection Site Reaction: Injection site reactions, including reactions secondary to extravasation, were 
usually mild and consisted of erythema, tenderness, skin discoloration, or swelling at the injection site. 
These reactions have been observed more frequently with the 24-hour infusion than with the 3-hour 
infusion. Recurrence of skin reactions at a site of previous extravasation following administration of 
T AXOL at a different site, i.e., "recall", has been reported rarely. 

Rare reports of more severe events such as phlebitis, cellulitis, induration, skin exfoliation, necrosis and 
fibrosis have been received as part of the continuing surveillance ofTAXOL safety. In some cases the 
onset of the injection site reaction either occurred during a prolonged infusion or was delayed by a week 
to ten days. 

A specific treatment for extravasation reactions is unknown at this time. Given the possibility of 
extravasation, it is advisable to closely monitor the infusion site for possible infiltration during drug 
administration. 

Other Clinical Events: Alopecia was observed in almost all (87%) of the patients. Transient skin 
chang~ due to T AXOL-related hypersensitivity reactions have been observed, but no other skin 
toxicities were significantly associated with TAXOL administration. Nail changes (changes in 
pigmentation or discoloration of nail bed) were uncommon (2% ). Edema was reported in 21 % of all 
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patients (17% of those without baseline edema); only 1% had severe edema and none of these patients 
required treabnent discontinuation. Edema was most commonly focal and disease-related. Edema was 
observed in 5% of all courses for patients with normal baseline and did not increase with time on study 

Rare reports of skin abnormalities related to radiation recall as well as reports of maculopapular rash and 
pruritus have been received as part of the continuing surveillance ofTAXOL safety. 

Reports of asthenia and malaise have been received as part of the continuing surveillance of T AXOL 
safety. In the Phase 3 trial ofT AXOL 135 mg/m 2 over 24 hours in combination with cisplatin as 
first-line therapy of ovarian cancer, asthenia was reported in 17% of the patients, significantly greater 
than the 100/o incidence observed in the control arm of cyclophosphamide/cisplatin. 

Accidental Exposure: Upon inhalation, dyspnea, chest pain, burning eyes, sore throat and nausea have 
been reported. Following topical exposure, events have included tingling, burning and redness. 

(back to top) 

OVERDOSAGE 

There is no known antidote for T AXOL overdosage. The primary anticipated complications of 
overdosage would consist of bone marrow suppression, peripheral neurotoxicity and mucositis. 
Overdoses in pediatric patients may be associated with acute ethanol toxicity (see PRECAUTIONS 
Pediatric Use section). 

(back to top) 

DOSAGE AND ADMINISTRATION 

Note: Contact of the undiluted concentrate with plasticized PVC equipment or devices used to prepare 
solutions for infusion is not recommended. In order to minimize patient exposure to the plasticiur 
DEHP [di-(2-ethylhexyl)phthalate], which may be leached from PVC infusion bags or sets, diluted 
TAXOL solutions should be stored in bottles (glass, polypropylene) or plastic bags (polypropylene, 
polyolefin) and administered through polyethylene-lined administration sets. 

All patients should be premedicated prior to T AXOL administration in order to prevent severe 
hypersensitivity reactions. Such premcdication may consist of dexamethasone 20 mg PO administered 
approximately 12 and 6 hours before TAXOL, diphenhydramine (or its equivalent) 50 mg l.V. 30 to 60 
minutes prior to TAXOL, and cimetidine (300 mg) or ranitidine (50 mg) I.V. 30 to 60 minutes before 
TAXOL. 

For patients with carcinoma of the ovary, the following regimens are recommended 

1. For previously untreated patients with carcinoma of the ovary, the recommended regimen, given 
every 3 weeks, is T AXOL administered intravenously over 24 hours at a dose of 135 mg/m 2 

followed by cisplatin at a dose of75 mg/m 2. 
2. In patients previously treated with chemotherapy for carcinoma of the ovary, T AXOL has been 

used at several doses and schedules; however, the optimal regimen is not yet clear (see 
CLINICAL STUDIES: Ovarian Carcinoma section). The recommended regimen is T AXOL 
135 mg/m 2 or 175 mg/m 2 administered intravenously over 3 hours every 3 weeks. 

For patients with carcinoma of the breas~ T AXOL at a dose of 175 mg/m 2 administered intravenously 
over 3 hours every 3 weeks has been shown to be effective after failure of chemotherapy for metastatic 
disease or relapse within 6 months of adjuvant chemotherapy. (See CLINICAL STUDIES: Breast 
Carcinom_a section.) 
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For patients with non-small cell lung carcinoma , the recommended regimen, given every 3 weeks, is 
T AXOL administered intravenously over 24 hours at a dose of 135 mg/m 2 followed by cisplatin, 75 
mgtm2. 

For patients with AIDS-related Kaposi's sarcoma, TAXOL administered at a dose of 135 mg/m 2 

given intravenously over 3 hours every 3 weeks or at a dose of 100 mg/m 2 given intravenously over 3 
hours every 2 weeks is recommended (dose intensity 45-50 mg/m 2 /week). In the two clinical trials 
evaluating these schedules (see CLINICAL STUDIES: AIDS-Related Kaposi's Sarcoma section), the 
former schedule (135 mg/m 2 every 3 weeks) was more toxic than the latter. In addition, all patients with 
low performance status were treated with the latter schedule (100 mg/m 2 every 2 weeks). 

Based upon the immunosuppression in patients with advanced HIV disease, the following modifications 
are recommended in these patients: 

1. Reduce the dose of dexamethasone as one of the three premedication drugs to 10 mg PO (instead 
of20mgPO); 

2. Initiate or repeat treatment with T AXOL (paclitaxel) Injection only if the neutrophil count is at 
least 1000 cells/mm 3 ; 

3. Reduce the dose of subsequent courses ofTAXOL by 20% for patients who experience severe 
neutropenia (neutrophil <500 cells/mm 3 for a week or longer); and 

4. Initiate concomitant hematopoietic growth factor (G-CSF) as clinically indicated. 

For the therapy of patients with solid tumors (ovary, breast and NSCLC), courses ofTAXOL should not 
be repeated until the neutrophil count is at least 1,500 cells/mm 3 and the platelet count is at least 
100,000 cells/mm 3 . T AXOL should not be given to patients with AIDS-related Kaposi's sarcoma if the 
baseline or subsequent neutrophil count is less than 1000 cells/mm 3 . Patients who experience severe 
neutropenia (neutrophil <500 cells/mm 3 for a week or longer) or severe peripheral neuropathy during 
TAXOL therapy should have dosage reduced by 20% for subsequent courses ofTAXOL. The incidence 
of neurotoxicity and the severity of neutropenia increase with dose. 

Preparation and Administration Precautions: T AXOL is a cytotoxic anticancer drug and, as with 
other potentially toxic compounds, caution should be exercised in handling T AXOL. The use of gloves 
is recommended. If T AXOL solution contacts the skin, wash the skin immediately and thoroughly with 
soap and water. Following topical exposure, events have included tingling, burning and redness. If 
T AXOL contacts mucous membranes, the membranes should be flushed thoroughly with water. Upon 
inhalation, dyspnea, chest pain, burning eyes, sore throat, and nausea have been reported. 

Given the possibility of extravasation, it is advisable to closely monitor the infusion site for possible 
infiltration during drug administration. (See PRECAUTIONS: Injection Site Reaction section.) 

Preparation for Intravenous Administration: T AXOL must be diluted prior to infusion. T AXOL 
should be diluted in 0.9% Sodium Chloride Injection, USP; 5% Dextrose Injection, USP; 5% Dextrose 
and 0.9% Sodium Chloride Injection, USP or 5% Dextrose in Ringer's Injection to a final concentration 
of0.3 to 1.2 mg/mL. The solutions are physiCally and chemically stable for up to 27 hours at ambient 
temperature (approximately 25°C) and room lighting conditions. Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

Upon preparation, solutions may show haziness, which is attributed to the formulation vehicle. No 
significant losses in potency have been noted following simulated delivery of the solution through i.v. 
tubing containing an in-line (0.22 micron) filter. 
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Data collected for the presence of the extractable plasticizer DEHP (di-(2-ethylhexyl)phthalate] show 
that levels increase with time and concentration when dilutions are prepared in PVC containers. 
Consequently, the use of plasticized PVC containers and administration sets is not recommended. 
T AXOL solutions should be prepared and stored in glass, polypropylene, or polyolefin containers. 
Non-PVC containing administration sets, such as those which are polyethylene-lined, should be used. 

T AXOL should be administered through an in-line filter with a rnicroporous membrane not greater than 
0.22 microns. Use of filter devices such as IVEX-2® filters which incorporate short inlet and outlet 
PVC-coated tubing has not resulted in significant leaching ofDEHP. 

The Chemo Dispensing Pin™ device or similar devices with spikes should not be used with vials of 
T AXOL since they can cause the stopper to collapse resulting in loss of sterile integrity of the T AXOL 
solution. 

Stability: Unopened vials ofTAXOL Injection are stable until the date indicated on the package when 
stored between 20°-25°C (68°-77°F), in the original package. Neither freezing nor refrigeration 
adversely affects the stability of the product. Upon refrigeration components in the T AXOL vial may 
precipitate, but will redissolve upon reaching room temperature with little or no agitation. There is no 
impact on product quality under these circumstances. If the solution remains cloudy or if an insoluble 
precipitate is noted, the vial should be discarded. Solutions for infusion prepared as recommended are 
stable at ambient temperature (approximately 25°C) and lighting conditions for up to 27 hours. 

IVEX-2® is the registered trademark of the Millipore Corporation. 

Chemo Dispensing Pin™ is a trademark ofB. Braun Medical Incorporated. 

(back t<> top) 

HOW SUPPLIED 

: .~~=:~::=~~::w~~~~~~;a;~,:;~:,;;~~~IBJIY':'"; 
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! jN ljpackage<l in a carton. ! ,L- ........................................................... 1 .............. ......................................................................................................... ' """"'= . 

Storage: Store the vials in original cartons between 20°-25°C (68°-77°F). Retain in the original package 
to protect from light. 

Handling and Disposal: Procedures for proper handling and disposal of anticancer drugs should be 
considered. Several guidelines on this subject have been published. l-7 There is no general agreement 
that all of the procedures recommended in the guidelines are necessary or appropriate. 

(back to top) 

PRODUCT PHOTO(S): 

NOTE: These photos can be used only for identification by shape. color. and imprint. They do not depict 
actual or relative size. 

8/21/00 2:16 PM 

1589 of 2036 Celltrion, Inc., Exhibit 1004



~ I I ' f 

PDR- Ti00:it lnjec~on(Bristol-Myers Squibb 0-<-,ology/lmmunology) 

27 of28 

http://www.pdrei.~p<Irlstatic.htm?path=pdrellpdr/l 0501050.htm 

The product samples shown here have been supplied by the manufacturer and reproduced in full color by 
PDR as a quick-reference identification aid. While every effort has been made to assure accurate 
reproduction, please remember that any visual identification should be considered preliminary. In cases 
of poisoning or suspected overdosage, the drug's identity should be verified by chemical analysis. 

(back to top) 
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PDR® entry for 
Taxotere for Injection Concentrate (Aventis) 

(bacJc to top) 

'I WARNING 

!TAXOTERE® (docetaxel) for Injection Concentrate should be administered under the 
.supervision of a qualified physician experienced in the use of antineoplastic agents. 
fAppropriate management of complications is possible only when adequate diagnostic and 
I treatment facilities are readily available. 

The incidence of treatment-related mortality associated with TAXOTERE therapy is increased 
in patients with abnonnal liver functio~ in patients receiving higher doses, and in patients 
with non-small cell lung carcinoma and a history of prior treatment with platinum-based 

j chemotherapy who receive T AXOTERE at a dose of 100 mg/m 2 (see WARNINGS ). 
; 

· f AXOTERE should generally not be given to patients with bilirubin > upper limit of normal \1 
(ULN), or to patients with SGOT and/or SGPT > 1.5 x ULN concomitant with alkaline .

1

, 
. hosphatase > 2.5 x ULN. Patients with elevations ofbilirubin or abnonnalities of 
\j.transaminase concurrent with alkaline phosphatase are at increased risk for the development of 
!,grade 4 neutropenia, febrile neutropenia, infections, severe thrombocytopenia, severe ! ! stomatitis, severe skin toxicity, and toxic death. Patients with isolated elevations of ' 
! transaminase > 1.5 x ULN also had a higher rate of febrile neutropenia grade 4 but did not 
1 have an increased incidence of toxic death. Bilirub~ SOOT or SGPT, and alkaline 
' phosphatase values should be obtained prior to each cycle ofTAXOTERE therapy and 
reviewed by the treating physician. ~ 

T AXOTERE therapy should not be given to patients with neutrophil counts of< 1500 'j. 
I.cells/mm 3. In order to monitor the occurrence of neutropenia, which may be severe and result j I in infection, frequent blood cell counts should be performed on all patients receiving 
ITAXOTERE. 

l Severe hypersensitivity reactions characterized by hypotension and/or bronchospasm, or 
; generalized rash/erythema occurred in 2.2% (2/92) of patients who received the recommended i 
3-day dexamethasone premedication. Hypersensitivity reactions requiring discontinuation of i 

!!
the T AXOTERE infusion were reported in five patients who did not receive premedication. ! 
These reactions resolved after discontinuation of the infusion and the administration of ! 
,appropriate therapy. T AXOTERE must not be given to patients who have a history of severe I 
ihvpersensitivity reactions to T AXOTERE or to other drugs fonnulated with polysorbate 80 : 
I( see WARNINGS ). ' 

'severe fluid retention occurred in 6.5% (6/92) of patients despite use of a 3-day 
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I Severe fluid retention occurred in 6.5% ( 6/92) of patients despite use of a 3-day 
dexamethasone premedication regimen. It was characterized by one or more of the following 

, events: poorly tolerated peripheral edema, generalized edema, pleural effusion requiring urgent 

I drainage, dyspnea at rest, cardiac tamponade, or pronounced abdominal distention (due to 
ascites) (see PRECAUTIONS). (back to top) ··- .. _.. ........... -............................... .... . .................. ·- - ·- ..... .. - .......... ....... - · - · - - ___ .. -

DESCRIPTION 

Docetaxel is an antineoplastic agent belonging to the taxoid family. It is prepared by semisynthesis 
beginning with a precursor extracted from the renewable needle biomass of yew plants. The chemical 
name for docetaxel is (2R,3S)-N-carboxy-3-phenylisoserine,N- tert -butyl ester, 13-ester with 
5(beta)-20-epoxy-l,2(alpha),4, 7(beta), 1O(beta),13(alpha)-hexahydroxytax-l l-en-9-one 4-acetate 
2-benzoate, trihydrate. Docetaxel has the following structural formula: 

Docetaxel is a white to almost-white powder with an empirical formula of C 43 H 53 NO 14 · 3H 2 0, and 
a molecular weight of 861.9. It is highly lipophilic and practically insoluble in water. T AXOTERE 
(docetaxel) for Injection Concentrate is a clear yellow to brownish-yellow viscous solution. 
T AXOTERE is sterile, non-pyrogenic, and is available in single-dose vials containing 20 mg (0.5 mL) 
or 80 mg (2.0 mL) docetaxel (anhydrous). Each mL contains 40 mg docetaxel (anhydrous) and 1040 mg 
polysorbate 80. 

T AXOTERE for Injection Concentrate requires dilution prior to use. A sterile, non-pyrogenic, 
single-dose diluent is supplied for that purpose. The diluent for T AXOTERE contains 13 % ethanol in 
Water for Injection, and is supplied in 1.5 mL (to be used with 20 mg TAXOTERE for Injection 
Concentrate) and 6.0 mL (to be used with 80 mg T AXOTERE for Injection Concentrate) vials. 

(back to top) 

CLINICAL PHARMACOLOGY 

Docetaxel is an antineoplastic agent that acts by disrupting the microtubular network in cells that is 
essential for mitotic and interphase cellular functions. Docetaxel binds to free tubulin and promotes the 
assembly oftubulin into stable microtubules while simultaneously inhibiting their disassembly. This 
leads to the production of microtubule bundles without normal function and to the stabilization of 
microtubules, which results in the inhibition of mitosis in cells. Docetaxel's binding to microtubules 
does not alter the number ofprotofilamentc; in the bound microtubules, a feature which differs from most 
spindle poisons currently in clinical use. 
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HUMAN PBARMACOKINETICS 

The phannacokinetics of docetaxel have been evaluated in cancer patients after administration of20-115 
mg/m 2 in phase I studies. The area under the curve (AUC) was dose proportional following doses of 
70-115 mg/m 2 with infusion times of 1 to 2 hours. Docetaxel's pharmacokinetic profile is consistent 
with a three-compartment pharmacokinetic model, with half-lives for the (alpha), (beta), and (gamma) 
phases of 4 min, 36 min, and 11.1 hr, respectively. The initial rapid decline represents distribution to the 
peripheral compartments and the late (terminal) phase is due, in part, to a relatively slow efflux of 
docetaxel from the peripheral compartment. Mean values for total body clearance and steady state 
volume of distribution were 21 Uh/m 2 and 113 L, respectively. Mean total body clearance for Japanese 
patients dosed at the range of 10-90 mg/m 2 was similar to that of European/ American populations dosed 
at 100 mg/m 2 , suggesting no significant difference in the elimination of docetaxel in the two 
populations. 

A study of 14 C-docetaxel was conducted in three cancer patients. Docetaxel was eliminated in both the 
urine and feces following oxidative metabolism of the tert -butyl ester group, but fecal excretion was the 
main elimination route. Within 7 days, urinary and fecal excretion accounted for approximately 6% and 
75% of the administered radioactivity, respectively. About 800/o of the radioactivity recovered in feces is 
excreted during the first 48 hours as 1 major and 3 minor metabolites with very small amounts (less than 
8%) of unchanged drug. 

A population phannacokinetic analysis was carried out after T AXOTERE treatment of 535 patients 
dosed at 100 mg/m 2 . Pharmacokinetic parameters estimated by this analysis were very close to those 
estimated from phase I studies. The pharmacokinetics of docetaxel were not influenced by age or gender 
and docetaxel total body clearance was not modified by pretreatment with dexamethasone. In patients 
with clinical chemistry data suggestive of mild to moderate liver function impairment (SGOT and/or 
SGPT > 1.5 times the upper limit of normal [ULN] concomitant with alkaline phosphatase > 2.5 times 
ULN), total body clearance was lowered by an average of 27%, resulting in a 38% increase in systemic 
exposure (AUC). This average, however, includes a substantial range and there is, at present, no 
measurement that would allow recommendation for dose adjustment in such patients. Patients with 
combined abnormalities of transaminase and alkaline phosphatase should, in general, not be treated with 
TAXOTERE. 

In vitro studies showed that docetaxel is about 94% protein bound, mainly to (alpha) 1 -acid 
glycoprotein, albumin, and lipoproteins. In three cancer patients, the in vitro binding to plasma proteins 
was found to be approximately 97%. Dexamethasone does not affect the protein binding of docetaxel. 

In vitro drug interaction studies revealed that docetaxel is metabolized by the CYP3A4 isoenzyme, and 
its metabolism can be inhibited by CYP3A4 inhibitors, such as ketoconazole, erythromycin, 
troleandomycin, and nifedipine. Based on in vitro findings, it is likely that CYP3A4 inhibitors and/or 
substrates may lead to substantial increases in docetaxel blood concentrations. No clinical studies have 
been performed to evaluate this finding (see PRECAUTIONS). 

(back to top) 

CLINICAL STUDIES 

Breast Cancer: The efficacy and safety of T AXOTERE have been evaluated in locally advanced or 
metastatic breast cancer after failure of previous chemotherapy (alkylating agent-containing regimens or 
anthracycline-containing regimens), primarily at a dose of 100 mg/m 2 given as a 1-hour infusion every 
3 weeks, but with some e~perience at 60 mg/m 2 , in two large randomized trials and a number of 
smaller single ann studies. 

Randomized Trials: In one randomized trial, patients with a history of prior treatment with an 
anthracycline-containing regimen were assigned to treatment with T AXOTERE or the combination of 
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mitomycin (12 mg/m 2 every 6 weeks) and vinblastine (6 mg/m 2 every 3 weeks). 203 patients were 
randomized to T AXOTERE and 189 to the comparator arm. Most patients had received prior 
chemotherapy for metastatic disease; only 27 patients on the T AXOTERE ann and 33 patients on the 
comparator arm entered the study following relapse after adjuvant therapy. Three-quarters of patients 
had measurable, visceral metastases. The primary endpoint was time to progression. The following table 
summarizes the study results: 

·····-- Efficacy oft AXOTERE iiithe treatment of Breast Cance~·P;tl~~t~=::::::::::l 
Previously Treated with an Anthracycline-Containing Regimen i 

(Intent-to-Treat Analysis) ! 
: 

r fficacy Parameter i1 ~:~:::~· I ~:~::~ r ~va1ue -1 
!!\!Median Surviv81 !C" ' 't JI 8. 7 monthS !I ' 

q=:i~eo=ity r' 073 JI p=OOI I 
Ii 95% CI (Risk Ratio) _ 0.5~-0.93 l ..... ~~~-ank 1 

'

Median ~ime to I! · 4.3 moo& · 1[2SIDonilis ]j·-· !" 
Progression 1 ! 

llf;:::;:::r=;;:==;=::;::;::::::::::==r=···=··-=·____J= . ·--- : 
Risk Ratio ~ , Progression ········r ·... -·········11 i 
(Docetaxel: Control) ti 0.75 !l I 

I 95% CI (Risk Ratio) :1 0.61-0.94 ]I ~~ ! 

1 !~:Pe~~~~ --~ t 23~1J: II t~~ 11 ~0s:! I 

: I* For the risk ratio, a vatue less than 1.00 favors docetaxel. ! 
·I '"""".......,"""'~'" .v.~·- -..·;.,.,. -~."'·.-... ?.-.-.,;.·.~.·;•.•:v.""'""""V(.>.''· 

In a second randomized trial, patients previously treated with an alkylating-containing regimen were 
assigned to treatment with TAXOTERE or doxorubicin (75 mg/m 2 every 3 weeks). 161 patients were 
randomized to T AXOTERE and 165 patients to doxorubicin. Approximately one-half of patients had 
received prior chemotherapy for metastatic disease, and one-half entered the study following relapse 
after adjuvant therapy. Three-quarters of patients had measurable, visceral metastases. The primary 
endpoint was time to progression. The study results are summarized below: 
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Single Arm Studies: TAXOTERE at a dose of 100 mg/m 2 was studied in six single arm studies 
involving a total of309 patients with metastatic breast cancer in whom previous chemotherapy had 
failed. Among these, 190 patients had anthracycline-resistant breast cancer, defined as progression 
during an anthracycline-containing chemotherapy regimen for metastatic disease, or relapse during an 
anthracycline-containing adjuvant regimen. In anthracycline-resistant patients, the overall response rate 
was 37.9% (72/ 190; 95% CJ.: 31 .0-44.8) and the complete response rate was 2.1 %. 

TAXOTERE was also studied in three single arm Japanese studies at a dose of60 mg/m 2, in 174 
patients who had received prior chemotherapy for locally advanced or metastatic breast cancer. Among 
26 patients whose best response to an anthracycline had been progression, the response rate was 34.6% 
(95% C.I.: 17.2-55.7), similar to the response rate in single arm studies of 100 mg/m 2. 

Hematologic and Other Toxicity: Relation to dose and baseli.ne liver chemistry abnormalities. 
Hematologic and other toxicity is increased at higher doses and in patients with elevated baseline liver 
function tests (LFTs). In the following tables, adverse drug reactions are compared for three populations: 
730 patients with normal LFTs given T AXOTERE at 100 mg/m 2 in the randomized and single arm 
studies of metastatic breast cancer after failure of previous chemotherapy; l 8 patients in these studies 
who had abnormal baseline LFTs (defined as SOOT and/or SGPT > 1.5 times ULN concurrent with 
alkaline phosphatase > 2.5 times ULN); and 174 patients in Japanese studies given T AXOTERE at 60 
mg/m 2 who had normal LFTs. 

8/21/00 2:16 PM 

1596 of 2036 Celltrion, Inc., Exhibit 1004



http://www.pdrel.com/pdr/static.htm ?path=pdrel/pdr/04102000.htm 

,········'····'··' .. ·-············'l:rf:;l:i1~1ofoii~A<f\.~;:s-e''r~~:.~;~~'{'~''il·l''.:Sreas·r··c:·~1i"it:cr.'f)ii'.f.ii.!i:tt~~---~-·········· ·· ······:; 

j Previo\1sly 'fre:1tcd with Cherm.lth(·rfifJY li 
j TrC'Mcd ut 'L~:XOTE[{E 100 mgfm 1- '~Hh '-;(mual li 
! or l~fov:lted Lin~r l' mH.:tion T~i.ts 01• i! 

I' i··· ()() .mgim l -w.ith .Nm·rn~l Livtt Fund km f (•~ts . . •••.•• ······•· ········".l1.! 
i .. _ .. _._ .. ---······'·· '''''''"'''''"·''''''''··"''"'·,_ ...... :.: .. '"'"·''f"·',·A· .. -· "[-,\ X(Yfl~liE T ,\XOTf:.RK ·~i 

! ! . 1 ()(t m~/m Z i tifi -mg/m i [:! 
l(: ............... ; .... "'--·---··················--··· ...... ;...."'--=-=:;;;.=.j ... N()t;!\l~t' •r --1~fa,.iifo<1 ··· ...... : .......... ,No~niir········ .. ··· i.1 
ii '~ I F'Tg +- i l. FTs *1: '· tFTs r. Vi 
l 1Alhcr<o~ E'~tH ;) f~"'7)(f . ·n="llf.. ~! ~:"'f i<f ij!j 

1 l,,.;.;. .... ;.. ..... :: .. ::~, .. \l'o'""·"· .. --·············· ·· ·''''''""'"'"""'"'""""'~·=--A ..... :::::::;,~,,,,,;:,.:,,J,= ... ,:.~ ............. :.:1.,,,,,, ....... ___ ~'.:.m"'-.. : ........ ..:;1 
i!Nt~lH°l'OJ:)t'llH\ :f 
!·~--- ·;;;:::: ... ~·::::::::::::::v.::::::."·;~·;;'O':'::": :: .. :::::::::v.:.v.::~::.:~::.::.v.:::=~~·::., ...... : .. :;::::.:;:c:.;;.:c.::,::;::::~-.~--.,-.-, ............ :.:::;;:;:;::::::::::::::~.v.:;,;;;;;;:,:;;.·~:·~·~·:;·;;;;::: ::.;::l 
=:~ Am· <-2(~00 ~dl:;;hnrn J ['. 98.4 ,! l GG :: 95.4 i~l 
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ri5'.~~:n~~-~~:··''· ~-1··~·-w~~,r;;,:::::::::,':m,~,:::~:;::::;::::.·;,;;;;;,,:·1i·~:·:::~i-'.~::~==-t=::··,· ... ,~~:~::~:,, .. ·.' J=~~::·:;;;;;;,~!;~~::::::~::::::.:.::l!1! 
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: · FehrH(• ~\:Utt·op~nfa **** m 
! l=_·i~t {>il~-~.~;~1~.·- ..... ,:::::::::. -~~~·:::::'.:~;,:·,,::-_·:,,,,~:::~~~~ic_,_,_,_,;;,'ft,~'~::, .. _,. ·c::~~::?·····---.-.~c,:,:::~::4=~:.:::.-:.-,·:::,·::;:,',j~l 
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1 ~;: ~;..; ;;::~;; :: ::~ ~~ ... .-. ..... ; ;~; ;, . .;. .... ;;, .. ;;.:;,...., -.w . .W.., ...... , •••• ~.:::;. :~! : ........ ;;;,;.:.:;;;,:.::.:.;..;.~~:.;., ~~~~~·o,;; •• ,; .: : :;:;;; :;;~;; • :::;•• .-..,~~"··• .~ •• ''" •• • •• • ~. , ............. ,,..,,..,_. . .......................................... ,;:::·;;~ ::~ 

"'Non .... s~ptk 0£~th ! 1 l '' 11 i : D '"! 
!°l~-N(),;~~iil t:ia~il'ht~ ''Clff~~''1~~:~t'!ls'~'~lif.1~se~··=~J;~~"1:'5--~~~'J11~5"1jf~N-·i_i/alkafim;;v.;;~ ........ ;,, . ,,,,,,,,,1f:~ 
1 jpbusplmf~lSC </"' 2.5 tfri:\~$ Cl.N or ho.hdcd di;>.vations of tr$tn'iamitrn~e~ nr :ilk}•lin~l!jj 
UJJho~phatase Uf) to 5 t:h:¥H~s ULN ~I! 
r:1~·+1·1de\,~-t:r'i!a·~~a·seiil'te'tF~t'~~~~,~<.f1•~=~1~a~{{:"s(i.t~if'>'i~~~tt~1i;s··ncN·,~~)-i1'((i·t:~:~£~T\¥i'th~ :r! 

l[l~~;~,~;t~1ci~;::~~r~~i~~~;~~1~i~--;~~~[1~~~~~-o~t~1r~l.1'1;.~H(,1i''~*'*'•~d,~fr·fo·fr;;~;(;Jl~us'-·--·~·-··';············-~il 
j ~~~ot-ibffJtk<; \rn.S 8.5% (n""-62) amor~g the 730 p~tknt$ ·wHb nonmd LFJ\ at m 
j ;bi\wlhu~; 7 i:mtfout~ fuHl <.'.Oncut'rent grade 3 m!mrope.ni~s ~Uld 46 patient~ bad jf.! 
)'liinult< 4 ncutn)ftt.!nia, jj:l 

j j~-~:~·* i-~-~ .. ilFN·(;1i·~~'.~~~;·;~1i~!~F~)_~··t~l)'~l~gy1;~ 2·_~-·A:~· ! <-~,~~~~t~ _4 ··~~·;1.,i .. ii~~;~;=:;'3'iFc:··"~i'ifi ..... ;l,] 
l il\· 1mtfl:n()UC" ~H1d1or· ho~p1t·1\fmH.ion; for 6{1 tnJVm .. , A ~C $!f:ttfo :v~ aud frveJ· > ,n 
! l.JK l '~(' --···~=.~ .. ,·,,--.,,,,_··.·.,.:_:_·._-.,·,··,.· .. :_:._:· .... :_:_:_:_.,·.=-.. · .. · .. ·.·.' .. • .. • ... .-.. .-.. '~J.l -~-.... ~.t:~;:-:::::::i~fr;-;:~;;;~;.:'.:. · ..::~-:H:ffrn~:~::::::::::::::::::·::;:.:.:.:~~:::···:~ .. :::·'>~:~ --···· .. . ... 

Non-Hematologic Adverse Events in Breast Cancer Patients 
Previously Treated with Chemotherapy 

Treated at TAXOTERE 100 mg/m 2 with Normal 
or Elevated Liver Function Tests or 

60 mg/m 2 with Normal Liver Function Tests 
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J"itiiarrhea.... ! 
1111:: :::;;:An=y=========~JL 42.2 . JL-~.?~_Jc=.Ji~ .. -.... _l 
11 Severe II 6.3 JI 1 l.1 IL._...... 1 

tl:[Stomathis I 
i1:1 Aiiy II s3.3 II § :1 19.o / 

1
. I Severe II 7.8 .. !L ...... 3.~:.~ ...... J!. 0.6 I 
* Normal Baseline LFl's: Transaminases </= l.5 times ULN or alkaline ··1 
phosphatase </= 2.5 times ULN or isolated elevations of transaminases or 

;.1.alkaline phosphatase up to 5 times ULN i 

I JI*** Fluid Ret~ntion -lnclu(i"es (by COST ART): ede.:na (periphera~ localized, ! 
\Vigeneralized, lymphedem~ pulmonary edem~ and edema otherwise not Jd 
H:!specified) and effusion (pleural, pericardia~ and ascites); no premedication ·. 
r11given with the 60 mg/m 2 dose 
I. NA = not ava~able __ ..... . 
lli· ~~~-~····§ ... ~--~:5§§·~.:.~··'~ .. -E··4§··-~=::E§~~~~~~~~~~·c~.cC§XC~~:~~-···§·.·~~~~- ==:E·=-~~cc~m~ccc~cc.~ .... ~ ... ~~·--~·--~n~§~c§!§~ . 

Non-Small Cell Lung Cancer (NSCLC): The efficacy and safety ofTAXOTERE in non-small cell 
lung cancer have been evaluated in patients with locally advanced or metastatic disease and a history of 
prior treatment with a platinwn-based chemotherapy regimen. Two randomized, controlled trials 
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established that a T AXOTERE dose of 75 mgfm 2 was tolerable and yielded a favorable outcome (see 
below). TAXOTERE at a dose of 100 mgfm 2, however, was associated with unacceptable hematologic 
toxicity, infections, and treatment-related mortality and this dose should not be used (see BOXED 
~~.9 , W.~Q~·-' and DOSAGE AND ADMINISTRATION sections). 

One trial (T AX317), randomized patients with locally advanced or metastatic non-small cell lung cancer, 
a history of prior platinwn-based chemotherapy, no history oftaxane exposure, and an ECOG 
perfonnance status </=2 to T AXOTERE or best supportive care. The primary endpoint of the study was 
survival. Patients were initially randomized to T AXOTERE 100 mg/m 2 or best supportive care, but 
early toxic deaths at this dose led to a dose reduction to T AXOTERE 75 mg/m 2 . A total of 104 patients 
were randomiud in this amended study to either TAXOTERE 75 mg/m 2 or best supportive care. 

In a second randomized trial (T AX320), 373 patients with locally advanced or metastatic non-small oell 
lung cancer, a history of prior platinum-based chemotherapy, and an ECOG performance status </=2 
were randomized to T AXOTERE 75 mgfm 2 , T AXOTERE 100 mglm 2 and a treatment in which the 
investigator chose either vinorelbine 30 mglm 2 days l , 8, and 15 repeated every 3 weeks or ifosfamide 
2 g/m 2 days 1-3 repeated every 3 weeks. Forty percent of the patients in this study had a history of prior 
paclitaxel exposme. The primary endpoint was survival in both trials. The efficacy data for the 
T AXOTERE 75 mg/m 2 ann and the comparator arms are summarized in the table below and in figures 
1 and 2 showing the sW'Vival curves for the two studies. 

Efficacy of T AXOTERE ln the Treatment of Non-Small CeU Lung 
Cancer Patients Previously Treated with a Platinum-Based 

Chemotherapy Regimen (Intent-to-Treat Analysis) 

11 
l! 
ii 
:1 

:::[: ... _:::::·:==: .. : ... :::::.: ..... :'1_: ::::._:T:_·AX3:::11:: ::::-lil(r=, =::.....: ..... ::;w.! r.AXJ=.i .... ~.~;;c-~~=_~;;' ! 
Best i: • f~ 

Docetaxel Supportive Docetaxel I' Control '[I 
75 mg/m z Care/75 : 75 mglm 2 ! (VII) ~j 

i n=55 n=49 l n=l25 n=ll3 [! 
ll~~x:=:ai=-rank:n:l::;;:Surva=Test=;,;:::v81=r===~1i~:·· ... ·"''"'''''~""'··~~~·;'""'"·"···· .. ··""····· ... ,, p=0.13.. r 

l~~r&~naiity 11 0.56 11 0.82 I 

!195% ct (RiSk .. Riti.~L ..... :::JI (o.3s, o.88) 11 co.63, 1.06) 1 
IMCilian SurViv&l' ._..,_.~----11 mo~~~ II a!~ II n!'!m II m!~~ I 

.l~~-~ .. ~-~--- ....... ·---···.. ___ ...II cs.s, 12.8) 11 (3.7, 6.1) 11 (s.t, 7.t) 11 (4.4, 7.9) i 
'!% 1-year Survival II 37% • ! II 12% 309" • !. II 200A =1 
!95% CI II (24, 50) II (2, 23) (22, 39) II (13, 27) I 

~;~on II w:l! • II w:t w~ .. , w!i I 
~s% c1 11(9.o,18.3) 11 (6.o, 9.3) (7.o, t t.7) 11(6.7, 10.1) 1 

[Response Rate II 5.5% II Not Applicable S.7% II 0.8% I 
~%cl 11 (l.t, ts.1) 11 (2.3, 11.3) 11 (O.o, 43) I 

~ {~~~?~; #uncorrected for multiple comparisons; ##a value less than 1.00 favors l 
I ... . .. :....... . ··················-··················· ....... . ··--·· .. ... _--· 

Only one of the two trials (T AX317) showed a clear effect on survival, the primary endpoint; that trial 
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,,........ 

also showed an increased rate of survival to one year. In the second study (T AX320) the rate of survival 
at one year favored T AXOTERE 75 mglm 2 . 

!
!: 
i 

®··- ~--~--.,.......---.....-------~----.. --- -. 0~ ill 0 3 6 0 ~ ~ N ~ 
! 

IL-=--·""'"" =S=U=RV=· ™=:A=L=TI=M=E={=M=ONTH=·=· =S=)=--···"''"""'°'°'''"'' ....... _l 
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Patients treated with T AXOTERE at a dose of 75 mg/m 2 experienced no deterioration in performance 
status and body weight relative to the comparator arms used in these trials. 

(back to top) 

INDICATIONS AND USAGE 

Breast Cancer: T AXOTERE is indicated for the treatment of patients with locally advanced or 
metastatic breast cancer after faillll'e of prior chemotherapy. 

Non-Small Cell Lung Cancer: TAXOTERE is indicated for the treatment of patients with locally 
advanced or metastatic non-small cell lung cancer after failure of prior platinum-based chemotherapy. 

(back to top) 

CONTRAINDICATIONS 

T AXOTERE is contraindicated in patients who have a history of severe hypersensitivity reactions to 
docetaxel or to other drugs formulated with polysorbate 80. 

TAXOTERE should not be used in patients with neutrophil counts of <1500 cells/mm 3 
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(back to U>p) 

WARNINGS 

T AXOTERE should be administered under the supervision of a qualified physician experienced in the 
use of antineoplastic agents. Appropriate management of complications is possible only when adequate 
diagnostic and treatment facilities are readily available. 

Toxic Deaths 

Breast Cancer: T AXOTERE administered at 100 mg/m 2 was associated with deaths considered 
possibly or probably related to treatment in 2.0% (19/965) of metastatic breast cancer patients, both 
previously treated and untreated, with normal baseline liver function and in 11.5% (7/61) of patients 
with various tumor types who had abnormal baseline liver function (SOOT and/or SGPT > 1.5 times 
ULN together with AP > 2.5 times ULN). Among patients dosed at 60 mg/m 2 , mortality related to 
treatment occurred in 0.6% (3/481) of patients with normal liver function, and in 3 of7 patients with 
abnormal liver function. Approximately half of these deaths occurred during the first cycle. Sepsis 
accounted for the majority of the deaths. 

Non-Small CeU Lung Cancer: T AXOTERE administered at a dose of I 00 mg/m 2 in patients with 
locally advanced or metastatic non-small cell lung cancer who had a history of prior platinum-based 
chemotherapy was associated with increased treatment-related mortality (14% and 5% in two 
randomized, controlled studies). There were 2.8% treatment-related deaths among the 176 patients 
treated at the 75 mg/m 2 dose in the randomized trials. Among patients who experienced 
treatment-related mortality at the 75 mg/m 2 dose level, 3 of 5 patients had a PS of 2 at study entry (see 
BOXED WARNING, CLINICAL STUDIES , and DOSAqE AND ADMINISTRATION sections). 

Premedication Regimen: All patients should be premedicated with oral corticosteroids such as 
dexamethasone 16 mg per day ( e.g., 8 mg BID) for 3 days starting I day prior to T AXOTERE to reduce 
the severity of fluid retention and hypersensitivity reactions (see DOSAGE AND ADMINISTRATION 
section). This regimen was evaluated in 92 patients with metastatic breast cancer previously treated with 
chemotherapy given T AXOTERE at a dose of 100 mg/m 2 every 3 weeks. 

Hypersensitivity Reactions: Patients should be observed closely for hypersensitivity reactions, 
especially during the first and second infusions. Severe hypersensitivity reactions characterized by 
hypotension and/or bronchospasm, or generalized rash/erythema occurred in 2.2% of the 92 patients 
premedicated with 3-day corticosteroids. Hypersensitivity reactions requiring discontinuation of the 
T AXOTERE infusion were reported in 5 out of 1260 patients with various tumor types who did not 
receive premedication, but in 0/92 patients premedicated with 3-day corticosteroids. Patients with a 
history of severe hypersensitivity reactions should not be rechallenged with T AXOTERE. 

Hematologic Effects: Neutropenia (< 2000 neutrophils/mm 3 ) occurs in virtually all patients given 
60-100 mg/m 2 ofTAXOTERE and grade 4 neutropenia (< 500 cells/mm 3) occurs in 85% of patients 
given 100 mg/m 2 and 75% of patients given 60 mg/m 2. Frequent monitoring of blood counts is, 
therefore, essential so that dose can be adjusted. T AXOTERE should not be administered to patients 
with neutrophils < 1500 cells/mm 3 . 

Febrile neutropenia occurred in about 12% of patients given 100 mg/m 2 but was very uncommon in 
patients given 60 mg/m 2 . Hematologic responses, febrile reactions and infections, and rates of septic 
death for different regimens are dose related and are described in CLINICAL STUDIES . 

lbree breast cancer patients with severe liver impairment (bilirubin > 1. 7 times ULN) developed fatal 
gastrointestinal bleeding associated with severe drug-induced thrombocytopenia. 
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Hepatic Impairment: (see BOXED WARNING). 

Fluid Retention: (see BOXED WARNING 

Pregnancy: T AXOTERE can cause fetal harm when administered to pregnant women. Studies in both 
rats and rabbits at doses>/= 0.3 and 0.03 mg/kg/day, respectively (about 1/50 and 1/300 the daily 
maximum recommended human dose on a mg/m 2 basis), administered during the period of 
organogenesis, have shown that T AXOTERE is embryotoxic and fetotoxic (characterized by intrauterine 
mortality, increased resorption, reduced fetal weight, and fetal ossification delay). The doses indicated 
above also caused maternal toxicity. 

There are no adequate and well-controlled studies in pregnant women using T AXOTERE. If 
T AXOTERE is used during pregnancy, or if the patient becomes pregnant while receiving this drug, the 
patient should be apprised of the potential haz.ard to the fetus or potential risk for loss of the pregnancy. 
Women of childbearing potential should be advised to avoid becoming pregnant during therapy with 
TAXOTERE. 

(back to top) 

PRECAUTIONS 

General: Responding patients may not experience an improvement in performance status on therapy 
and may experience worsening. The relationship between changes in performance status, response to 
therapy, and treatment-related side effects has not been established. 

Hematologic Effects: In order to monitor the OCCW'l'ellce of myelotoxicity, it is recommended that 
frequent peripheral blood cell counts be performed on all patients receiving T AXOTERE. Patients 
should not be retreated with subsequent cycles of T AXOTERE until neutrophils recover to a level > 
1500 cells/mm 3 and platelets recover to a level > 100,000 cells/mm 3 . 

A 25% reduction in the dose of T AXOTERE® ( docetaxel) for Injection Concentrate is recommended 
during subsequent cycles following severe neutropenia (< 500 cells/mm 3 ) lasting 7 days or more, 
febrile neutropenia, or a grade 4 infection in a T AXOTERE cycle (see DOSAGE AND 
AD~ISTRA TION section). 

Bypenensitivity Reactions: Hypersensitivity reactions may occur within a few minutes following 
initiation of a T AXOTERE infusion. If minor reactions such as flushing or localized skin reactions 
occur, interruption of therapy is not required. More severe reactions, however, require the immediate 
discontinuation ofTAXOTERE and aggressive therapy. All patients should be premedicated with an 
oral corticosteroid prior to the initiation of the infusion of T AXOTERE (see BOXED WARNING and 
WARNINGS : PremedicaUon Regimen ). 

Cutaneous: Localized erythema of the extremities with edema followed by desquamation has been 
observed. In case of severe skin toxicity, an adjustment in dosage is recommended (see DOSAGE AND 
ADMINISTRATION section). The discontinuation rate due to skin toxicity was 1.6% (157965) for 
metastatic breast cancer patients. Among 92 breast cancer patients premedicated with 3-day 
corticosteroids, there were no cases of severe skin toxicity reported and no patient discontinued 
TAXOTERE due to skin toxicity. 

Fluid Retention: Severe fluid retention has been reported following TAXOTERE therapy (see 
BOXED WARNING and WARNINGS : PremedicaUon Reiy.men ). Patients should be premedicated 
with orat corticosteroids prior to each TAXOTERE aaJninistration to reduce the incidence and severity 
of fluid retention (see DOSAGE AND ADMINISTRATION section). Patients with pre-existing 
effusions should be closely monitored fi'Om the fuSt dose for the possible exacerbation of the effusions. 

When fluid retention occurs, peripheral edema usually starts in the lower extremities and may become 
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generalized with a median weight gain of 2 kg. 

Among 92 breast cancer patients premedicated with 3-day corticosteroids, moderate fluid retention 
occurred in 27 .2% and severe fluid retention in 6.5%. The median cumulative dose to onset of moderate 
or severe fluid retention was 819 mglm 2. 9.8% (9/92) of patients discontinued treatment due to fluid 
retention: 4 patients disc.ontinued with severe fluid retention; the remaining 5 had mild or moderate fluid 
retention. The median cwnulative dose to treatment discontinuation due to fluid retention was 1021 
mglm 2 . Fluid retention was completely, but sometimes slowly, reversible with a median of 16 weeks 
from the last infusion ofT AXOTERE to resolution (range: 0 to 42 +weeks). Patients developing 
peripheral edema may be treated with standard measures, e.g., salt restriction, oral diuretic(s). 

Neurologic: Severe neurosensory symptoms (paresthesia, dysesthesia, pain) were observed in 5.5% 
(53/965) of metastatic breast cancer patients, and resulted in treabnent discontinuation in 6.1 %. When 
these symptoms occur, dosage must be adjusted. If symptoms persist, treatment should be discontinued 
(see DOSAGE AND ADMINISTRATION section). Patients who experienced neW'Otoxicity in clinical 
trials and for whom follow-up information on the complete resolution of the event was available had 
spontaneous reversal of symptoms with a median of 9 weeks from onset (range: 0 to I 06 weeks). Severe 
peripheral motor neuropathy mainly manifested as distal extremity weakness occurred in 4.4% (42/965). 

Asthenia: Severe asthenia has been reported in 14.90/o (144/965) of metastatic breast cancer patients 
but has led to treatment discontinuation in only 1.8%. Symptoms of fatigue and weakness may last a few 
days up to several weeks and may be associated with deterioration of performance status in patients with 
progressive disease. 

Information for Patients: For additional information, see the accompanying Patient Information 
Leaflet. 

(bock "' top) 

Drug Interactions: There have been no formal clinical studies to evaluate the drug interactions of 
T AXOTERE with other medications. In vitro studies have shown that the metabolism of docetaxel may 
be modified by the c.oncomitant administration of compounds that induce, inhibit, or are metabolized by 
cytochrome P450 3A4, such as cyclosporine, terfenadine, ketoconazole, erythromycin, and 
troleandomycin. Caution should be exercised with these drugs when treating patients receiving 
T AXOTERE as there is a potential for a significant interaction. 

Carcinogenicity, Mutagenicity, Impairment of Fertility: No studies have been conducted to assess 
the carcinogenic potential of T AXOTERE. T AXOTERE has been shown to be clastogenic in the in vitro 
chromosome aberration test in CHO-K 1 cells and in the in vivo micronucleus test in the mouse, but it 
did not induce mutagenicity in the Ames test or the CHO/HGPRT gene mutation assays. T AXOTERE 
produced no impairment of fertility in rats when administered in multiple JV doses of up to 0.3 mg/kg 
(about I/SO the recommended human dose on a mg/m 2 basis), but decreased testicular weights were 
reported. This correlates with findings of a 1 ().cycle toxicity study (dosing once every 21 days for 6 
months) in rats and dogs in which testicular atrophy or degeneration was observed at JV doses ofS 
mg/kg in rats and 0.375 mg/kg in dogs (about 1/3 and 1/15 the recommended human dose on amglm 2 
basis, respectively). An increased frequency of dosing in rats produced similar effects at lower dose 
levels. 

Pregnancy: Pregnancy Category D (see WARNINGS section). 

Nursing Mothers: It is not known whether T AXOTERE is excreted in human milk. Because many 
drugs are excreted in human milk. and because of the potential for serious adverse reactions in nursing 
infants from T AXOTERE, mothers should discontinue nursing prior to taking the drug. 

Pediatric Use: The safety and effectiveness ofTAXOTERE in pediatric patients have not been 
established. 
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(back to top) 

ADVERSE REACTIONS 

The adverse reactions are described separately for T A.XOTERE 100 mg/m 2 , the maximum dose 
approved for breast cancer, and 75 mg/m 2 , the dose approved for advanced non-small cell lung 
carcinoma after prior platinum-based chemotherapy. 

TAXOTERE 100 mg.Im 2: Adverse drug reactions occurring in at least 5% of patients are compared for 
three populations who received T AXOTERE administered at 100 mglm 2 as a I-hour infusion every 3 
weeks: 2045 patients with various tumor types and normal baseline liver function tests; the subset of965 
patients with locally advanced or metastatic breast cancer, both previously treated and untreated with 
chemotherapy, who had normal baseline liver function tests; and an additional 61 patients with various 
tumor types who had abnormal liver function tests at baseline. These reactions were described using 
COST ART terms and were considered possibly or probably related to T AXOTERE. At least 95% of 
these patients did not receive hematopoietic support. The safety profile is generally similar in patients 
receiving T AXOTERE for the treatment of breast cancer and in patients with other tumor types. 

Summary of Adverse E;;~ts in Patients R~~eiving -, 
T AXOTERE at I 00 mg/m 2 

lt;:::====:....·o:..;;· ====---"'···;:.:::;·····......................................... ..... .... . ...................... , ............................ ._;:! 
i AU Tunwr 1 All Tumor t Breast g~ ! 

l Types 1i Types [ Cancer rn:
1

: 
j Normal i Elevated i Normal Hi 
1 LFfs * 1 LFfs ** i LFfs * rn 

·. n-~04~ '' n:zr I n~6S II Adverse Event 

I <1 ()()() cells/mm j II 31.6 II 46.6 II 43. 7 Ii 

llW>--:=<=:=;~;=·~=ce=· ~=s/=:=3======:! !::= ==8.=0 =::;!:I:= =2=4=.6=~-..9: .. If! 
I <l l i"dL II 90.4 II 91.8 ' 93.6 '!] 
f;=<8=r=gt'"a;;;:::t =======ill 8.8 l r=I =3;;;:;1;::::;.1===:11~ ==;:'-=·'-=====-·.i: 

ml"'Febri::;=;;;::le:::;;N:;:eu::::;=tro=pem=·;:::a::::;;;•:r.ur=====~ll:===-=1 :;:::l.0:;;==~11 26.2 '' ! 2.3 [ 
!Septic Deatii II 1.6 II 4.9 ' ...... ""'·"'"'-·· .. ·'"< 

ll:;n~::;o==;r;:=;;r::==;;::::=======:l===r::::;:::::::=~ ........ ,, .. ,c :: ... :::.J 
jNon:Sepdc oeat11 11 o.6 I[ 6.6. · t 
~fecdons .................................. ~~; 

. [ Any 11 11 22.2 f-

11 Severe II II 6.4 ; 
21.6 II 32.8 
6.1 II 16.4 

31.2 II 41.0 
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U* Normal Baseline LFTs: Transaminases </= 1.5 times ULN or alkaline HI 
1 jphos~hatase </= 2.5 times UL~ or isolated elevations of transaminases or ,,; 
Jalkaline phosphatase up to 5 times ULN ~i 
'.i** Elevat~ Baseline LFTs: SGOT and/or SGPT >l.5 times ULN concurrent llil 
'.!with alkaline phosphatase >2.5 times ULN ,.,, 

,~:~~:;~ri•: ~.~.~~~~th t•:·~: 3S°C with rv •n::;:~= JI 
Hematologic: (see WARNINGS ). Reversible marrow suppression was the major dose-limiting 
toxicity ofTAXOTERE. The median time to nadir was 7 days, while the median duration of severe 
neutropenia ( <500 cells/mm 3 ) was 7 days. Among 2045 patients with solid tumors and nonnal baseline 
LFTs, severe neutropenia occurred in 75.4% and lasted for more than 7 days in 2.9% of cycles. 

Febrile neutropenia (<500 cells/mm 3 with fever> 38°C with IV antibiotics and/or hospitalization) 
occurred in 11% of patients with solid tumors, in 12.3% of patients with metastatic breast cancer, and in 
9.8% of92 breast cancer patients premedicated with 3-<iay corticosteroids. 

Severe infectious episodes occurred in 6.1 % of patients with solid tumors, in 6.4% of patients with 
metastatic breast cancer, and in 5.4% of 92 breast cancer patients premedicated with 3-day 
corticosteroids. 

Thrombocytopenia (<100,000 cells/mm 3 associated with fatal gastrointestinal hemorrhage has been 
reported. 

Hypersensitivity Reactions: Severe hypersensitivity reactions are discussed in the BOXED 
WARNING , WARNINGS , and PRECAUTIONS sections. Minor events, including flushillg, rash 
with or without pruritus, chest tightness, back pain, dyspnea, drug fever, or chills, have been reported 
and resolved after discontinuing the infusion and appropriate therapy. 

Fluid Retention: (see BOXED WARNING, WARNINGS : Premedication Regimen , and 
PRECAUTIONS sections). 

Cutaneous: Severe skin toxicity is discussed in PRECAUTIONS . Reversible cutaneous reactions 
characterized by a rash including localized eruptions, m8irily on the feet and/or hands, but also on the 
anns, face, or thorax, usually associated with pruritus, have been observed. Eruptions generally occurred 
within 1 week after T AXOTERE infusion, recovered before the next infusion, and were not disabling. 

Severe nail disorders were characterized by hypo- or hyperpigmentation, and occasionally by 
onycholysis (in 0.8% of patients with solid tumors) and pain. 

Neurologic: (see PRECAUT~ONS 

Gastrointestinal: Gastrointestinal reactions (nausea and/or vomiting and/or diarrhea) were generally 
mild to moderate. Severe reactions occurred in 3-5% of patients with solid tumors and to a similar extent 
among metastatic breast cancer patients. The incidence of severe reactions was 1 % or less for the 92 
breast cancer patients premedicated with 3-day corticosteroids. 

Severe stomatitis occurred in 5.5% of patients with solid tumors, in 7.4% of patients with metastatic 
breast cancer, and in 1.1 % of the 92 breast cancer patients premedicated with 3-day corticosteroids. 

Cardiovascular: H ypotension occurred in 2.8% of patients with solid tumors; 1.2% required 
treatment. Clinically meaningful events such as heart failure, sinus tachycardia, atrial flutter, 
dysrhythmia, unstable angina, pulmonary edema, and hypertension occurred rarely. 8.1 % (7 /86) of 
metastatic breast cancer patients receiving T AXOTERE 100 mg/m 2 in a randomized trial and who had 
serial left ventricular ejection fractions assessed developed deteriora6:on of L VEF by >/= 10% associated 
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with a drop below the institutional lower limit of normal 

Infusion Site Reacdons: Infusion site reactions were generally mild and consisted of 
hyperpigmentation, inflammation, redness or dryness of the skin, phlebitis, extravasation, or swelling of 
the vein. 

Hepatic: In patients with normal LFf s at baseline, bilirubin values greater than the ULN occurred in 
8.9% of patients. Increases in SOOT or SGPT > 1.5 times the ULN, or alkaline phosphatase > 2.5 times 
ULN, were observed in 18.9"/o and 7.3% of patients, respectively. While on TAXOTERE, increases in 
SOOT and/or SGPT > 1.5 times ULN concomitant with alkaline phosphatase> 2.5 times ULN occurred 
in 4.3% of patients with nonnal LFfs at baseline. (Whether these changes were related to the drug or 
underlying disease has not been established.) 

T A.XOTERE 75 mglm 2 : Treatment emergent adverse drug reactions are shown below. Included in this 
table are safety data for a total of 176 patients with non-small cell lung carcinoma and a history of prior 
treatment with platinum-based chemotherapy who were treated in two randomized, controlled trials. 
These reactions were described using NCI Common Toxicity Criteria regardless of relationship to study 
treatment, except for the hematologic toxicities or otherwise noted. 

F"'' ................................................. · .. ·.·~-'·';,""':;""""m·""":• · -•· · ·""""."''~·:~· .. ··· · · · ··~~:!.:: : :::::::: : :: : :: : ::::::: : :: :-:-:·:: ... ..... ::::;:.:,:.: ::: :::;::.::::.::,~:.y,;,::: : :;,j.:.J~:~::;::.:":..~··.·;.;,::.: ; . ~;::::::..::::::::::::: : ;: : :~:::~:.:::::.:~ 
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Ongoing Evaluation: The following serious adverse events of uncertain relationship to TAXOTERE 
have been reported: 

Body as a whole: abdominal pain, diffuse pain, chest pain, radiation recall phenomenon 

Cardiovascular: atrial fibrillation, deep vein thrombosis, ECG abnormalities, thrombophlebitis, 
pulmonary embolism, syncope, tachycardia, myocardial infarction 

Digestive: constipation, duodenal ulcer, esophagitis, gastrointestinal hemorrhage, intestinal obstruction, 
ileus, gastrointestinal perforation, neutropenic enterocolitis, dehydration in relation to digestive disorders 

Nervous: confusion, seizures 

Respiratory: dyspnea, acute pulmonary edema, acute respiratory distress syndrome, interstitial 
pneumonia 

Urogenital: renal insufficiency 

(back to top) 

OVERDOSAGE 

There is no known antidote for T AXOTERE overdosage. In case of overdosage, the patient should be 
kept in a specialized unit where vital functions can be closely monitored. Anticipated complications of 
overdosage include: bone marrow suppression, peripheral neurotoxicity, and mucositis. Patients should 
receive therapeutic G-CSF as soon as possible after discovery of overdose. Other appropriate 
symptomatic measures should be taken, as needed. 

In two reports of overdose, one patient received 150 mg/m 2 and the other received 200 mglm 2 as 
I-hour infusions. Both patients experienced severe neutropenia, mild asthenia, cutaneous reactions, and 
mild paresthesia, and recovered without incident. 

In mice, lethality was observed following single IV doses that were>/= 154 mg/kg (about 4.5 times the 
recommended human dose on a mg/m 2 basis); neurotoxicity associated with paralysis, non-extension of 
bind limbs, and myelin degeneration was observed in mice at 48 mg/kg (about 1.5 times the 
recommended human dose on a mg/m 2 basis). In male and female rats, lethality was observed at a dose 
of20 mg/kg (comparable to the recommended human dose on a mg/m 2 basis) and was associated with 
abnormal mitosis and necrosis of multiple organs. 

(back to top) 

DOSAGE AND ADMINISTRATION 
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Breast Cancer: The recommended dose of T AXOTERE is 60-100 mg/m 2 administered intravenously 
over 1 hour every 3 weeks. 

Non-Small Cell Lung Cancer: The recommended dose of T AXOTERE is 75 mg/m 2 administered 
intravenously over 1 hour every 3 weeks. A dose of 100 mg/m 2 in patients previously treated with 
chemotherapy was associated with increased hematologic toxicity, infection, and treatment-related 
mortality in randomized, controlled trials (see BOXED WARNING, WARNINGS and CLINICAL 
STUDIES sections). 

Premedication Regimen: All patients should be premedicated with oral corticosteroids such as 
dexamethasone 16 mg per day ( e.g., 8 mg BID) for 3 days starting 1 day prior to T AXOTERE 
administration in order to reduce the incidence and severity of fluid retention as well as the severity of 
hypersensitivity reactions (see BOXED WARNING, !f ~INGS_, and PRE~~![;QON~ sections). 

Dosage Adjustments During Treatment 

Breast Cancer: Patients who are dosed initially at 100 mg/m 2 and who experience either febrile 
neutropenia, neutrophils < 500 cells/mm 3 for more than 1 week, or severe or cumulative cutaneous 
reactions during TAXOTERE therapy should have the dosage adjusted from 100 mg/m 2 to 75 mglm 2. 
If the patient continues to experience these reactions, the dosage should either be decreased from 75 
mg/m 2 to 55 mg/m 2 or the treatment should be discontinued. Conversely, patients who are dosed 
initially at 60 mg/m 2 and who do not experience febrile neutropenia, neutrophils <500 cells/mm 3 for 
more than 1 week, severe Qr cumulative cutaneous reactions, or severe peripheral neuropathy during 
T AXOTERE therapy may tolerate higher doses. Patients who develop >/= grade 3 peripheral neuropathy 
should have TAXOTERE treatment discontinued entirely. 

Non-Small Cell Lung Cancer: Patients who are dosed initially at 75 mg/m 2 and who experience 
either febrile neutropenia, neutrophils <500 cells/mm 3 for more than one week, severe or cumulative 
cutaneous reactions, or other grade 3/4 non-hematological toxicities during T AXOTERE treatment 
should have treatment withheld until resolution of the toxicity and then resumed at 55 mg/m 2. Patients 
who develop >/= grade 3 peripheral neuropathy should have T AXOTERE treatment discontinued 
entirely. 

Special Populations: 

Hepatic Impairment: Patients with bilirubin > ULN should generally not receive T AXOTERE. Also, 
patients with SOOT and/or SGPT > 1.5 x ULN concomitant with alkaline phosphatase> 2.5 x ULN 
should generally not receive T AXOTERE. 

Children: The safety and effectiveness of docetaxel in pediatric patients below the age of 16 years have 
not been established. 

Elderly: No dosage adjustments are required for use in elderly. 

PREPARATION AND ADMINISTRATION PRECAUTIONS 

T AXOTERE is a cytotoxic anticancer drug and, as with other potentially toxic compounds, caution 
should be exercised when handling and preparing T AXOTERE solutions. The use of gloves is 
recommended. Please refer to Handling and Disposal section. 

IfTAXOTERE concentrate, initial diluted solution, or final dilution for infusion should come into 
contact with the skin, immediately and thoroughly wash with soap and water. IfTAXOTERE 
concentrate, initial diluted solution, or final dilution for infusion should come into contact with mucosa, 
immediately and thoroughly wash with water. 

8/21/00 2: 17 PM 
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T AXOTERE for Injection Concentrate requires two dilutions prior to administration. Please follow the 
preparation instructions provided below. Note: BOiJ1 the T AXOTERE for Injection Concentrate and the 
diluent vials contain an overfill. 

A. Preparation of the Initial Diluted Solution 
1. Remove the appropriate number of vials of T AXOTERE for Injection Concentrate and 

diluent (13% Ethanol in Water for Injection) from the refrigerator. Allow the vials to stand 
at room temperature for approximately S minutes. 

2. Aseptically withdraw the contents of the appropriate diluent vial into a syringe and transfer 
it to the appropriate vial of T AXOTERE for Injection Concentrate. If the procedure is 
followed as desert an initial diluted solution of 10 docetaxel/mL will result. 

3. ent y rotate e mt ti 1 u so ution or approxunate y 1 secon s to assure mixture 
of the concentrate and diluent. 

4. The initial diluted T AXOTERE solution (I 0 mg docetaxel/mL) should be clear, however, 
there may be some foam on top of the solution due to the polysorbate 80. Allow the solution 
to stand for a few minutes to allow any foam to dissipate. It is not required that all foam 
dissipate prior to continuing the preparation process. 
The initial diluted solution may be used immediately or stored either in the refrigerator or at 
room temperature for a maximum of 8 hours. 

B. Preparation of the Final Dilution for Infusion 
1. Aseptically withdraw the required amount of initial diluted T AXOTERE solution (10 mg 

docetaxel/mL) with a calibrated syringe and inject into a 250 mL infusion bag or bottle of 
either 0.9% Sodium Chloride solution or 5% Dextrose solution to produce a final 
concentration of0.3 to 0.74 mglmL. 
If a dose greater than 200 mg of T AXOTERE is required, use a larger volume of the 
infusion vehicle so that a concentration of0.74 mglmL TAXOTERE is not exceeded. 

2. Thoroughly mix the infusion by manual rotation. 
3. As with all parenteral products, TAXOTERE should be inspected visually for particulate 

matter or discoloration prior to administration whenever the solution and container permit. 
If the TAXOTERE for Injection initial diluted solution or final dilution for infusion is not 
clear or appears to have precipitation, these should be discarded. 

The final T AXOTERE dilution for infusion should be administered intravenously as a 1-hour 
infusion under ambient room temperature and lighting oonditions. 
Contact of the T AXOTERE concentrate with plasticized PVC equipment or devices used to 
prepare solutions for infusion is not recommended. In order to minimize patient exposure to the 
plasticizer DEHP (di-2-ethylhexyl phthalate), which may be leached from PVC infusion bags or 
sets, the final T AXOTERE dilution for infusion should be stored in bottles (glass, polypropylene) 
or plastic bags (polypropylene, polyolefin) and administered through polyethylene-lined 
administration sets. 

Stability: T AXOTERE infusion solution, if stored between 2 and 25°C (36 and 77°F) is stable for 4 
hours. Fully prepared T AXOTERE infusion solution (in either 0.9% Sodium Chloride solution or 5% 
Dextrose solution) should be used within 4 hours (including the 1 hour i.v. administration). 

(back lo top) 

HOW SUPPLIED 

T AXOTERE for Injection Concentrate is supplied in a single-dose vial as a sterile, pyrogen-free, 
non-aqueous, viscous solution with an accompanying sterile, non-pyrogenic, diluent (13% ethanol in 
Water for Injection) vial. The following strengths are available: 

TAXOTERE 80 MG (NDC 0075-8001-80) 

T AXOTERE ( docetaxel) 80 mg Concentrate for Infusion: 80 mg docetaxel in 2 mL polysorbate 80 and 

8121/00 2:17 PM 
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diluent for TAXOTERE 80 mg. 13% (w/w) ethanol in Water for Injection. Both items are in a blister 
pack in one carton. 

TAXOTERE 20 MG (NOC 0075-8001-20) 

T AXOTERE ( docetaxel) 20 mg Concentrate for Infusion: 20 mg docetaxel in 0.5 mL polysorbate 80 and 
diluent for TAXOTERE 20 mg. 13% (w/w) ethanol in Water for Injection. Both items are in a blister 
pack in one carton. 

Storage: Store between 2 and 25°C (36 and 77°F). Retain in the original package to protect from bright 
light. Freezing does not adversely affect the product. 

Handling and Disposal: Procedmes for proper handling and disposal of anticancer drugs should be 
considered. Several guidelines on this subject have been published 1-7 . There is no general agreement 
that all of the procedures recommended in the guidelines are necessary or appropriate. 

(back to top) 

PRODUCT PBOTO(S): 

NOTE: These photos can be used only for identification by shape, color, and imprint. They do not depict 
actual or relative size. 

The product samples shown here have been supplied by the manufactwer and reproduced in full color by 
PDR as a quick-reference identification aid. While every effort has been made to assure accurate 
reproduction, please remember that any visual identification should be considered preliminary. In cases 
of poisoning or suspected overdosage, the drug's identity should be verified by chemical analysis. 
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Purpose 
This randomized. multicenter tnal compared first-hne trastuzumab plus docetaxel versus 
docetaxel alone in patients with human epidermal growth factor receptor 2 (HER2) -pos1t1ve 
metastatic breast cancer (MBC). 

Patients and Methods 
Patients were randomly assigned to six cycles of docetaxel 100 mg/m2 every 3 weeks, 
with or without trastuzumab 4 mg/kg loading dose followed by 2 mg/kg weekly until 
disease progression. 

Results 
A total of 186 patients received at least one dose of the study drug. Trastuzumab plus 
docetaxel was significantly superior to docetaxel alone in terms of overall response rate 
(61 % v 34%; P = .0002), overall survival (median, 31.2 v 22.7 months; P = .0325). time to 
disease progression (median. 11. 7 v 6.1 months; P = .0001). time to treatment failure 
(median, 9.8 v 5.3 months; P = 0001). and duration of response (median, 11. 7 v 5. 7 months; 
P = .009). There was little difference in the number and severity of adverse events between 
the arms. Grade 3 to 4 neutropenia was seen more commonly with the combination (32%) 
than with docetaxel alone (22%). and there was a slightly higher incidence of febrile 
neutropenia in the comb1nat1on arm (23% v 17%). One patient in the combination arm 
experienced symptomatic heart failure (1 %). Another patient experienced symptomatic 
heart failure 5 months after discontinuation of trastuzumab because of disease progression, 
while being treated with an investigational anthracycl1ne for 4 months. 

Conclusion 
Trastuzumab combined with docetaxel 1s superior to docetaxel alone as first-line treatment 
of patients with HER2-posit1ve MBC in terms of overall survival, response rate. response 
duration, time to progression, and time to treatment failure, with little additional toxicity. 

J Clin Oncol 23:4265-4274. @ 2005 by American Society of Clinical Oncology 

Human epidermal growth factor receptor 2 
(HER2) is a key contributor to normal cell 
growth anddifferentiation.1 However, when 
overexpressed, it is associated with neoplas-

tic transformation of cells. Approximately 
15% to 20% of breast cancers show HER2 
overexpression (3+ by immunohistochem­
istry (IHCl) and/or amplification of the 
HER2 gene. HER2-positive malignancies 
have a significantly more aggressive disease 
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cow·se and lead to a worse clinical outcome, including 
shortened overall survival (OS), compared with those that 
do not overexpress HER2.2'3 Trastuzu:mab is a humanized 
murine monoclonal antibody that bi11ds specifically to the 
extracellular domain of the HER2 protei11. The clinical effi­
cacy a11d favorable safety profile of trastuzwnab in meta­
static breast cancer (MBC) have been demonstrated when 
administered as monotherapy4

'
5 and in combination with 

the taxane paclitaxel. 6 Clinical benefits are greatest in pa­
tients with tumors strongly overexpressing HER2, graded 
3 + by IHC, and/or with HER2 gene amplification, as deter­
mined by fluorescence in situ hybridization (FISH). In a 
randomized phase ITT trial (study H0648g), which com ­
pared trastuzumab plus paclitaxel with paditaxel alone, the 
median OS in patients with IHC 3 + disease was 40% longer 
in the combination arm than in the paditaxel-alone arm 
(24.8 v l 7.9 months),6

'
7 highlighting the benefit of combin­

ing trastuzumab with paditax:el. 
Docetaxel is another widely used taxane and has a 

similar mechanism of action to that of paditaxel. lt is one of 
the most active chemotherapeutic agents used in the treat­
ment of MBC.8'

9 PrecliJlical data indicate synergy between 
docetaxel and trastuzumab, LO and clinical activity has been 
confirmed in a number of phase TI studies, with response 
rates of 44% to 83% and toxicity comparable with that of 
single-agent docetaxel. 1 1 

•
22 

The preclli1ical data, the known clinical activity of tras­
tuzumab plus paclitaxel, and the favorable results of p hase 
lI trials of trastuzumab plus docetaxel provided a strong 
rationale for investigating trastuzumab and docetaxel in a 
randomized trial. Study M77001 was designed to compare 
the overall response rate ( 0 RR) of trastuzumab plus d ocetaxel 
versus docetaxel alone. The trial also ainied to characterize the 
safety profile of trastuzumab in combination with docetaxel 
versus docetaxel alone, and to compare duration of response 
(DR), tinle to disease progression (TIP), tinle to treatment 
failure (TTF), and OS in the two treatment arms. 

Study Design 
M7700l is an open-label, comparative, randomized, multi­

center, multinational trial comparing the efficacy and safety o f 
first- line trastuzurnab (HercepLin, F. Hoffmann-La Rocbe, Basel, 
Swit""£erland) plus docetaxel (Taxotere, Aventis Pharma, Stras­
bourg, France) with docetaxel alone in patients with H ER2-
posit.ive 1vIBC. Patients were enrolled ont:o the trial in I I European 
countries and Australia between April 2000 and October 200:2. 
Random assign1uent to treatment was conducted by block by 
country. The cutoff point for data reported here is 24 months after 
enrollment of the last patient. 

Patients 
Women age 18 to 70 years with I t:ER2-positive MBC were 

eligible for the Lrial. Initi;dly, women with lHC2+ and 3+ disease 

4266 

coulJ be enrolled onto the trial. H<iwever, data from other tria ls 
indicated that patients v..jtb strong HER2 overexpression (1HC 
3+) and/or gene amplificatio11 (FlSH positive) gai 11 the g reatest 
clinical benefit from trastuzumab. This led to a protocol amend­
ment to restrict entry to women with JHC 3+ and/or FISH­
posit ive disease. Patients who bad received prior chemot·herapy 
for their metastatic disease or any prior taxanes or anti-HER 
therapy were excluded. Patients could have received prior (neo) 
adjuvanl anthracyclines (maximum cumulalive dose, 360 mg/m2 

doxorubidn o r 750 mg/rn2 epirubic in). Baseline le ft vemricula r 
ejection fraction (LVEF) had to be more than 50%. Hormonal 
therapy had to be discontinued before tbe first dose of study drug. 
Previous radiotherapy was allowed only if treatment had ended al 
least 14 days before emollmenl onto the trial and the patient bad 
fully recovered from all acute adwrse effects. Eligible patients had 
to have an Eastern Coopera live Oncology Group (ECOG) perfor­
mance status of s 2, life expectancy 2: 12 weeks , and al least one 
bidimcnsionally measurable lesion (according to WHO criteria). 
Bone marrow, renal, and hepatic function bad to meet the follow­
ing c riteria: he111oglobi11 <::: 10 gldL and no blood transfusion 
within the previous 2 weeks; neutropl1il count 2: 2.0 X 109 ceUs/L; 
platelet count 2: 100 X I 09 cells/L; no evidence of myelodysplastic 
syndrome or abnormal bone marrow reserve; crea tinine s 1.5 X 
upper limit of normal (ULN) o r crealinine clearance 2: 60 ml/ 
min; tota l bilirubiJJ less than I X ULN; aspartatc aminotransferase 
(AST) and/or alanine aminotransferase (ALT) s 2.5 X ULN; and 
alkaline phosphatase s 5 X ULN (patients with AST and/or ALT 
> l .5 X ULN concomitantly with alkaline phosphatase > 2.5 X 
ULN were ineligible for die study). Serum calcium bad to be less 
than 2.8 µM/L/rn.L al eurollmenl. 

Patients who had brai11 or leptomeningeal metastases were not 
eligible for the u·ial. Patients who had significant cardiaciHsufficicncy 
(New York Heart Association fJl or IV), myocardial infarction within 
the previous 6 months, unstable angina pectoris, WKOnb·olled a.r­
rhythmia, or advanced pulmonary disease or severe dyspnea at rest 
due LO complications of advanced malignancy, o r who required sup­
plementary oxygen tberapy, were also ineligible for the trial. 

Treatment 
Docetaxel was lo be administered for six cycles al 100 mg/m2 

intnvenously every 3 weeks. Trastuzumab was lo be administered 
as a 4 mg/kg intravenous loading dose foUowed by 2 mg/kg weekly 
until disease p rogression. All patients received corticosteroid pre­
rnedication fo r the docetaxel infusions, which could iJ1clude de..xa­
metbasone, met·hylprednisolone, or prednisolone. Patients could 
receive docetaxel beyond six cycles at the discretion of the investi­
gator. After wi thdrawal from trial M77001, patients were treated al 
d1e discretion of lbe investigator. Patients experiencing disease 
prog ression while receiving docetaxel alo ne were offered the op­
tion to cross over to receive trastm;umab. However, the onset and 
duration of this Lherapy was not recorded. 

Efficacy Assessments 
T umor response was assessed every third cycle by x-ray, 

compured tomography scan, magnetic resonance imaging, or clin­
ical examination using the WHO criteria. Patients who did not 
experience disease progression after I year in the main study were 
observed every 3 weeks until disease progression in an extension 
phase of tbe study. For patients with an objective response 
(complete response [CR] or partial response [PR]) o r stable dis­
ease, radiologic response was also assessed by an independent 
radio logic reviewer ( IRR) . Differences between the J RR and 
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inve.~tigalor-assessed best response were reconciled mrurnally by 
comparison of radiologic as.~essrnenl s and measurements between 
1·he !RR and inv.:stigator, in which llUt assessments always pre­
vailed. Clinical data were also taken into account (which were nol 
available Lo Lhe ffi.R). Subgroup analyses were performed to assess 
the response rate in relation Lo ll IC 3+ and/or FISH-positive 
measurable disease, prior adjuvant anthracycLine therapy, nwuber 
of metastatic organ sites, presence of visceral metastases, estrogen 
receptor (ER) and/or progesterone receptor (PgR) status, age, 
disease-free interval, and ECOG performance status. 

Safety Assessments 
Adverse events were assessed every cycle for the dw·ation of 

the trial ru1d graded according to the National Cancer Insti tute 
Common Toxicity Criteria (NCI CTC), version 2.0. Data on seri ­
ous adverse events (St\Es) were collected throughout the study, 
and data on any drug-related SAEs continued to be collected 
thereafter. Laboratory assessment of blood counts, clinical chem­
istry, and liver function was carried out before each cycle a11d ad 
hoc as clinically indicated. LVEF was assessed by echocardiogra­
pby or multiple-gated acquisition scan every third cycle. 

Statistical Analyses 
The assumption was made that a difference of 15% was lo be 

observed in the ORR between the two arms (from 25% in the 
docetaxel-alone arm to 40% in 1he cloceLaxel plus u·astuZU1nab arm). 
Using the meLbod of Hauck-Anderson, a sample size of70 assessable 
patients per arm would aUow tbis difference to be reported with a 
precision of:!: 16.1%, hence giving a 95% CJ for the difference in 
ORR of - .I .l % to + 31 .1 % . To allow for nonassessable patients, the 
total number of patients required for random assigruuent to treat­
ment "~as 186 (93 per arm). For response end points, response rates 
and 95%0 were calculated, with differences between groups tested at 
the 5% significance level by a rwo-sided :>{'test. Response rate differ­
ences in vruious subgroups were presented in a Forest plot, showing 
odds ratios ru1d 95% confidence limits for treatment differences in 
each subgroup. For time to event end points, Kaplan-Meier curves 
were calculated, with differences between groups tested at I he 5% 
significance level by a two-sided log-rank test. Retrospectively, 
Kaplan-Meier curves were calculated for the subgroup of pa­
tients in the docetaxcl-alonc anu who crossed over to trastu-
7.Umab and those who did noL cross over. 

Conduct of Study 
Written informed consent was obta ined from all patients 

before enrollment and the study was conduct·ed in accordance 
with lntemational Conference 011 Harmonisation Good Clinical 
Practice and the principles of the Declaration of Helsinki on the 
rights of research participru1ts. 

Patient Demographics 
One hundred eighty-eight patients were randomly as­

signed to study medication; 94 patients were assigned in each 
arm. Two patients (both in the trastuzumab plus docetaxel 
arm) withdrew before receiving the first dose. Baseline patient 
characteristics (Table I) were generally balanced between the 
two arms, although there were more patients with ER- or 
PgR-positive disease in the docetaxel-alone arm compared 

1Vlvw.jco.crg 

with the combination arm (56% v 41%), and more patients 
had received prior ( neo)adjuvant anthracydines in the combi­
nation arm compared \Vi.th the docetaxel-alone arm (64% ,, 
55%). Ninety-five percent of patients had IHC 3+ and/or 
FISH-positive disease; 87% had IH C 3 + disease. The median 
duration of primary disease (first diagnosis to diagnosis of 
metastasis) was 26.6 and 22.6 months, and the median dura­
tion of metastatic disease was 1.3 montbs and I month, in the 
combination arm and the docetaxel-alone arm, respectively. A 
small number of patients, who had a prolonged duration of 
metastatic disease before study entry, had received hormonal 
anticancer therapy u1 the metastatic setting. 

Efficacy 
Exposure to docetaxel was sin1ilar i11 the t\-vo treatment 

a rms. There was a median number of six treatment cycles in 
both arms {range, one to 14 in the docetaxel-alone arm and 
one to 15 in the combination arm). More than six cycles of 
docetaxel were administered to 36 patients (38%) in the 
docetaxel-alone arm and 30 patients (33%) in the combi­
nation arm. The median cumulative dose of docetaxel was 
l ,044 mg (range, 47 to 2,280 mg) u1 the docetaxel-alone arm 
and 1,018 mg (range, 130 to 2,856 mg) in the combination 
a rm. The median number oftrastuzumab infusions was 39 
(range, one to 171 ), with a median cumulative dose of 
5,044 mg (range, 204 to 25,308 mg) . 

In the i11tent-to-treat (!TI) analysis, the ORR in the 
combination am 1 was 61% (95% Cl , 50% to 71 %), com­
pr ising six CRs (7%) and 50 PRs (54%) compared with an 
ORR of34% (95% CI, 25% to 45%) in the docetaxel-alone 
arm, comprising two CRs (2%) and 30 PRs (32%; 
P = .0002; Table 2). Stable d isease was seen in 27% (95%CI, 
18% to 37%) and44% (95% CI, 33% to 54%) of patients in 
the combination and docetaxel-alone arms, respectively. 
Seven patients in the docetaxel-alone a rm v.'i.thdrew at cycle 
l or 2: four v.rithdrew as a result of adverse events; one was 
treated at another hospital; one withdrew when she was 
found to have disease that was THC 2+ and FISH negative; 
and one withdrew when it was fow1d that she had had 
abnormal baseline liver function tests. A sensitivity analysis 
was carried out, with all seven of these patients classified as 
responders and again with all seven excluded from the ITT 
population, and in both scenarios the difference in ORR 
between the arms remained significant. 

l n all subgroups analyzed (exposure to [neo jadjuvant 
a11thracyclines, number of metastatic organ sites, presence 
of lung and liver metastases, honnone-receptor status, age, 
disease-free interva.I, and ECOG performance status), the 
response rate in the combination arm was superior to that 
in the docetaxel-alone arm (Fig 1) . 

There was a statistically significant superiority 
(P = .0325) in OS for trastuzumab plus docetaxel com­
pared with docetaxel alone (Fig 2). Median OS, estimated by 
the Kaplan-Meier method, was 31.2 months for trastuzumab 
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Table 1. Patient Characteristics at Baseline (n = 186) 

Trasruzumab + Oocetaxel 
(n = 92) 

Oocetaxel Alone 
(n = 94) 

Characteristic 

FISH pos1t1ve 
IHC 3 + and/or FISH positive 
Other· 

No. of 
Patients 

81 
1 1 

89 
3 

% 

88 
12 
97 

3 

No. of 
Patients 

82 
9 

88 
6 

% 

10 

94 

6 

:~:~~e~?'.liP.r:=@~J~ '@AN 
wtwi ®$lJo/.~ ·~JP:sa:P®li\Y.~ 1nmnrnw. mi\r:::~r ~:?. : rn:rmrn:1:ttmummHtdt=t::m::u1mmumrnm JiF=' Tu:rw::M= 

::::::: : :::::~:;:j . =~::~:= 
·:~:;:· 

Site 

Lung 
Liver 

Bone 
Soft tissue 
Othert 

37 
45 
31 

44 

55 

0 
0-4 

40 
49 
34 

48 

60 

40 

50 
35 
46 
55 

0 
0-2 

43 

54 
38 
50 

59 

Abbreviations: HER2. human epidermal growth factor receptor 2; FISH. tlu0<escence on situ hybridization; ER. estrogen receptor; PrG, progesterone 
receptor; ECOG. Eastern Cooperative Oncology Group; IHC. 1mmunohistochemistry. 
'Of the nine patients in Other categoty (without IHC 3 + and/or FISH-positive disease), rhree 1n the combination arm and five in the docetaxel-alone arm had 

IHC 2+/FISH-negative disease and one patient in the docetaxel-alone arm had IHC 0/ 1 + disease and unknown FISH status. 
tOther sites of disease included lymph nodes. 

plus docetaxel compared \\rith 22.7 months for docetaxel 
alone. All other time-to-event aJ1alyses also favored the trastu­
zumab plus docetaxel arm; DR (median, 11.7 v 5.7 months; 
P = .009); TTP (median, 11.7 v 6.1 months; P = .0001); and 
TTF (median, 9.8 v 5.3 months; P = .0001; Table 2). In total, 
41 % of patients in the combination arm and 37% of patients in 
the docetaxel-alone arm were still alive at the data cutoff date. 
Median follow-up was 40.9 and 35.9 months in the combina­
tion and docetaxel-alone arms, respectively. 

Fifty-three patients (57%) in the docetaxel-alone arm 
were reported to have crossed over to receive trastuzumab, 
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usually at disease progression (30 patients) but in some 
cases after discontinuation of docetaxel because of toxicity 
(10 patients) or other reasons (13 patients). The median 
estimated OS in patients who received docetaxel only was 
16.6 months, and it was 30.3 months for patients who 
crossed over to receive trastuzumab at any time point after 
withdrawal from this trial (Fig 3). 

Safety 
Arlver~e events. All 186 patients who received at least 

one cycle of treatment were included in the safety analysis. 
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Fig 1. Subgroup analysis· Forest plot of 
odds ratios = 95% Cls. IHC, immunohis­
tochemistry; FISH, fluorescence in situ hy­
bridization: ER, estrogen receptor; PgR, 
progesterone receptor; ECOG. Eastern Co­
operative Oncology Group. 

Ocx.-etaxel B$lter t TraSIUzumab + Oo<:etaxel 
Better 

No Difference 

The majority of adverse events were mild to moderate in 
severity. Common nonhematologic events (reported in 
;::::; 20% of patients, regardless of whether the events were at­
tributable to study treatment) were typical of chemotherapy­
related toxicity (eg, alopecia, nausea, and vomiting; Table 3). 
The incidence of adverse events typically associated with 
trostuzumab (eg, pyrexia) was seen, as expected, in the 
combination arm. In addition, there was a slightly higher 
incidence of typical docetaxel-related adverse events (eg, 
stomatitis, paraesthesia) in the combination arm and also of 
events not considered typical for either trastuzumab or 
docetaxel (eg, headache). Overall, there was a higher inci­
dence of grade 3 (67% v 55%) and 4 (34% v 23%) adverse 
events (all causes) in the combination arm compared with 
the docetaxel-alone arm. However, most of the imbalances 

Tabla 2. Summary of Efficacy Between the Two Treatment Arms 

Outcome 

Trastuzumab -
Docetaxel 
(n = 92) 

Docetaxel Alone 
(n = 94) p 

'.q.BR{~\\ }/ }!)' \~ # '!®° i'ffeCJOi!~.; 
CR, % 7 2 

: .. f:6. %.:: ·,:,:,:: >!f: :?t ,:,,,,,,, t't ! !$4:ti. n,,,, :;:;:;:;:- t!t . :~~ m. .~'f' ''@ m:::. ·; 
SD,% 27 44 

:'Q.fl.if:iediffe.l.if:lol-'(m~/? !f'''M1;J:: , ,,.,/'* !'!Hd*5,J:"( :';if t~OO~:\·:: 
TIP, median, months 11.7 6.1 .0001 

·' V~!>· ~~~- ~l:iW~i!?? \J MF~ 'W' ''fr. ''ff "'!~? -~k .j}~'' yo3~§'. : 

Abbreviations: ORR, overall response rate; CR. complete response: PR, 
partial response; SD, stable disease; DR, duration of response; TIP, time 
to progression: OS. overall survival. 
·Kaplan·Meier estimate. 
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noted were due to a higher incidence of grade 1 and 2 
toxicities. There were three serious u1fusion-related reac­
tions: one in the docetaxel-alone arm and two in the com­
bination arm. Of the latter two events, one was related to 
docetaxel and one to trastuzumab. Overall, fewer patients 
in the combination arm discontinued treatment due to 
adverse events compared with those in the docetaxel-alone 
arm (nine v 20 patients, respectively). In the docetaxel­
alone arm, 29 patients experienced 42 SAEs; in the combi­
nation arm, 38 patients experienced 64 SA Es. 

Hematologic toxicity. There was a higher incidence of 
grade 3/4 leukopenia and neutropenia (20% v 15%, and 32% v 

22%, respectively) in the combination arm compared with 
the docetaxel-alone arm (Table 4). The incidence of febrile 

- T1 a<>'!uzumab .. tl<K:atai<al 

1.0 -- - Doceiaxel a!ona 

}:- 08 
~ 
"' .0 0.6 £ 
}) 0.4 ., 
E 

~ 0.2 

·-....... 4\,.. 

\_, 
"· ··· . ....._,_ 

- - - - - - - - - -r---... ~-:, I 
I ' t '---·---
1 ·--- -----
' I I f 

22.71 13 1,2 

0 5 10 15 20 25 30 35 40 45 50 
~ 
Monltis 

Fig 2. Comparison of estimated overall survival between trastuzumab plus 
docetaxel and docetaxel-alone arms (Kaplan·Me1er plots). 
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Table 3. Incidence of Nonhematologic Adverse Events(% of patients) 

Adverse Event· 

Total 

Trastuzumab + Docetaxel 
(n = 92) 

Asthenia 45 

:tlN~~e rt:i /~~ ::~tf.:)rr :~e.~j~( :;;tr. ::if:: ~=t~s:r~;}::=@r=i~t:·titKJ@mw 
Diarrhea 43 

t'~!!P.tiiiial:'~e@ 

Docetaxel Alone 
(n = 94) 

Grade 3/4 

Trasruzumab - Docetaxel 
(n = 92) 

Docetaxef Alone 
(n = 94) 

.·:::::::--:~1;;~ ::::::::- ---·:::::::= tt=:::---:=:::==== tl 1~·f:=:tr~- .:::::~::-: :::l~t \~l= ::::i~;~ ~~f~~:· i~m::6t~~~: ::i~m=:::· 

41 10 6 

Paraesthesia 32 21 

%\i{):lfNti'Q WffW %!·/:\'~ 
Pyrexia 30 15 

~~~tj~ti@: ?l Si!?% 'f:fJN ::m:: ''ffi'JJn m::::m::r:::: ''''')Vi( w:ct:''<~ ;;;:,: '''''''· ;;::: :;::)f W:X?ftW: ::l::! ?% :M\W: ::<?S:' ':?f ?:f ?tQ. '\W :w:: 
Myalg1a 27 26 3 3 

t:'M!ita©!il ''r:'::@ wumt :m::n @H:'f~7@( E :m Ni)@. ff'Hl/'@.rnrw:: M:?'?f f:\ISH":':'!' .!K :)}\ '•:f:d{{ df:i :nffW'''•Hht Mt: 
Rash 24 12 1 O 

··:§t.ts~~~;==:tf:· '.~~?r :~;/f:'. '.::ti~;~ · ::r~='. · \~~~~ · :trr\(~: ·-ui~r~:r \if~~: r~~~ '.::J~;r }~:: · r~r:· ·;®;~ · ~:~i2l%rr=@}%. ~Hr · ::~x \t= '\Hf t~f rr~'.:~~~r@~~r::~:~tt :-:~t(itt· =:tii~ ~~~tr···~tr'.·:i~tr :tt 
Mucosa! inflammation 23 

9,i,¥tli~~% t:•• t\:- :::;: 2~\ 
22 Anorexia 

'~d'~i:hi!U :i:r {)2i? 
Increased lacrimation 21 
~iiista,~ts::::::: ::::::::: y;:: ::;:::;: ,,,,,·A\ tr ::n ,,:g2ct :JJ !:if rm, ;:w I. 
"Reported in ~ 20% of patients 1n at least one treatment arm. 

neutropenia was 23% in the combination aim (95% CI, l4.7% 
to 32.8%) compared v.ii.th 17% in the docetaxel-alone arm 
(95% Cl, 10.0% to 26.2%; Table 4). All patients experiencing 
febriJe neutropenia received empiric antibiotics, with granulo­
cyte colony-stimulating faaor administered to four patients in 
the combination arm and three patients in the docetaxel-alone 
arm. There were two cLug-related deaths as a result of septice­
mia in the docetaxel arm. All other episodes resolved within 1 
week and, in most cases, v.iithout recurrence after a dose reduc­
tion of docetaxel. Anemia experienced was generally mild. 
There was an increased incidence in grade l/2 anemia in the 

1.0 

£ 0.8 
ii 
.@ o.e £ 
j 
~ 
~ 

0.4 

UJ 0.2 

0 

-...... 

- Trastuzumab + Oc<:etaxel (n ~ 92) 

..... Doceraxel a:or.e/<:rossover (n ~ 53) 

• - • Oocetaxei alon~ (n ~ 41) 

- - - - - '.:·;.-: .. ~-~- ----~:·:-.: : < .... :. ... . . L ...... 

-·~ I ~ ....... - ..... . 
I 1 1 

16.61 30.31 131.2 

5 w ~ ~ ft ~ • ~ • ~ 
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Fig 3. Comparison of estimated overall survival in patients who received 
trastuzumab and docetaxel first~ine treatment versus those who crossed 
over to receive trastuwmab after progressing on docetaxel alone versus 
patients who received docetaxel only (Kaplan-Meier plots). 
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combination arm compared with the docetaxel-alone arm 
(80% v 66%). The incidence of grade 3 anemia was 1% v 1%, 
and no grade 4 anemia was recorded. 

Cardiac safety. Slightly more patients experienced de­
creases in L VEF in the combination arm compared with the 
docetaxel-alone arm (Table 5): asymptomatic declines in 
L VEF of 15 or more percentage points occurred in 17% v 
8% of patients, respectively. Twelve of the 15 patients in the 
combination arm who experienced a decrease in L VEF had 
received prior adjuvant anthracycline therapy. 

Two patients experienced symptomatic congestive 
heart failure (CHF); both patients received docetaxel and 
trastuzumab. These patients had received prior adjuvant an­
thracycline therapy (cumulative dose 300 mg/m2 doxorubicin 
in both patients). The first of these patients entered the trial 
with a baseline L VEF of 60%. The patient had exertional dys­
pnea and a decrease in LVEF to 45% dllring cycle six of treat­
ment and peripheral edema during the foUowing cycle. Two 

Tabla 4. Hematologic Toxicity (grade 3!4; % of patients) 

Toxicity 

l:~~·at;~::~~n~~: :%r·· x~t :1~~ 
Thrombocytopenia 

fil.:e1tko~~i~:w 
Neutropenia 

f:fe~fi]e:.~pajja/9,i'.C1@P6N(~Piil.li 
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Table 5. Changes in LVEF From Baseline: Worst Value Up to Cycle 6 and Overall (% of patients) 

LVEF Worst Value 

Up to Cycle 6 

Trastuzumab + Docetaxel 
(n = 83] 

Docetaxel Alone 
(n = 71) 

Overall" 

Trastuzumab + Docetaxel 
(n = 86) 

Docetaxel Alone 
(n = 76) 

~!¢..ftas.:~ ~no::~~:e::::~~r ::r;~ .:~!~::~~ ~w1r ::::r:: :;:;zy:~: :~~' ::::~~} :r:·. ·~=~l::m~r :~~fir ·::~:::::· :::ri:4t~:::--:~i~i~ :::::::: :-.-.:::::~:- -::?==~::::::---:=:::==== -:~:~: ::~P =:tr~- {~fa-: /~t \~l= ::::i~;~ ~~?t:· i~lr3~{~~: ::i~~~>::· 
Absolute decrease < 15% 48 54 63 60 

:fil~p1tfili4~~e@, i:~f.=@%lff!' :if AL :m 
Absolute value < 40% 0 0 

Abbreviation: LVEF, left venmcular eiection fraction. 
·LVEF monitoring ceased in patients rece1v1ng docetaxel alone after completion of therapy. However. LVEF monitoring cononued throughout trastuzumab 

treatment in the combination arm. The number of LVEF assessments is therefore markedly different in the two arms after cyde 6. 

weeks into cycle 7, the dyspnea and peripheral edema were still 
present and her LVEF had decreased to 40%. The investiga­
tor therefore decided to discontinue trastuzu mab. Fou r 
weeks later, the patient was admitted to the hospital in a 
coma and died the fo l lowing day. Death was attributed to 
progressive metastatic disease. The investigator could 
not rule out trastuzumab-related cardiotox.icity. 

The second patient, who had previously received adju­
vant doxorubicin, received six cycles of docetaxel and 97 
weekly i.nfosions of trastuzumab, with no evidence of car­
diac dysfunction during trastuzumab therapy. One month 
after discontinuing trastuzumab because of progressive 
disease, she entered a clu1ical trial of an investigational 
anthracydine. Four months later, she experienced fata l 
biventricular failure, which was considered by the investi­
gator to be related to the novel anthracydine. 

This randomized, open-label trial compared the efficacy 
and safety of trastuzumab plus docetaxel versus docetaxel 
alone in women with HER2-positive MBC. The combina­
tion of trastuzumab with docetaxel was superior to do­
cetaxel alone in all clinical efficacy parameters investigated. 

Fifty-six patients ( 6 l % ) achieved a CR or PR in the 
combination arm compared with 32 patients (34%) in the 
docetaxel-alone arm (P = .0002). The sensitivity analysis 
showed that the statistically significant difference between 
the arms remained whether the seven patients in the 
docetaxel-alone arm not assessable for response (because of 
early disconti11uation of study medication) were counted as 
responders or excluded from the ITT population. A sub­
group analysis of response rates showed a consistent supe­
riority of the combination atm over the docetaxel-alone 
am1 for all baseline characteristics assessed (Fig 1) . Apart 
from more patients with ER- or PgR-positive d isease in the 
docetaxel-alone arm compared with the combination arm 
(56% v 41%) and more patients in the combination arm 
who had received prior (neo)adjuvant anthracyclines (64% 

1Vlvw.jco.crg 

v 55%), the arms were well balanced and there is no evi­
dence for any selection bias. 

All other efficacy par ameters were also improved by the 
addition of trastuzumab to docetaxel. These included DR 
(median, 11 .7 v 5.7 months; P = .009), TIP (median, 11 .7 ,, 
6. l months; P = .000 l ), and OS (median, 31.2 v 22.7 
months; P = .0325). Importantly, the improvement in survival 
was seen even though approximately 50% of patients in the 
docetaxel-alone arm crossed over to receive trastununab, 
which could be expected to dilute any survival benefit con­
ferred by trastuzumab administered as first- lu1e therapy. 

Survival was longest for the group who received tras­
tuzurnab and docetaxel concomitantly from the start of 
treatment (median OS, 31.2 months). Patients in the 
docetaxel-alone arm known to have received trastuzwnab 
after docetaxel appeared to survive longer than those who 
did not receive subsequent trastuzumab (median OS, 30.3 ,, 
16.6 months, respectively). [t is possible that earlier treat­
ment with trastuzumab led to the improvement in survival. 
However, there are possible confounding factors such as 
poor performance status influencing both the decision to 
cross the patient over to trastuzumab and the progress of 
the disease. This analysis was unplanned and explorative, 
and therefore needs to be interpreted \\~th caution. 

The results from this trial oftrastuzumab and docetaxel 
are in line with the findings of the combination pivotal trial 
(H0648g) of first-line paditaxel with or without trastu­
zumab in HER2-positive MBC.6 •

7 ln the H0648g trial, ORR 
increased from 17% to 49% with the addition of trastu­
zumab to paclitaxel in patients with IHC 3+ MBC. ln 
addition , TIP increased from 3.0 to 7.1 months and OS 
increased from 17.9 to 24.8 months. The improvement 
in survival was seen even though 72% of patients ran­
domly assigned to paclitaxel alone crossed over to receive 
trastuzumab at progression. Although there were some dif­
ferences between the patient populations in the two tr ials 
(in particular, all patients in the paditaxel plus trastuzumab 
arm of study H0648g had received prior adjuvant anthracy­
cline therapy), the results are nonetheless very similar 
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between the studies. Most notably, in both trials, patients 
treated with trastuzumab plus a taxane had a median sur­
vival of between 2 and 2.5 years. The concordant results in 
these two randomized trials provide strong evidence sup­
porting the use of trastuzumab plus a taxane as first-Line 
therapy for women with HER2-positive MBC. 

The efficacy gains are significant and achieved without 
significant increase of toxicity. Overall, the safety profiles of 
the two arms in trial M7700J were similar. Several of the 
nonhematologic toxicities commonly seen with docetaxel, 
such as alopecia and paraesthesia, occurred more frequently 
in the combination am1, suggesting additivity or even a 
debrree of exacerbation. T n the combination a rm, there was a 
greater incidence of iufusion-related reactions that can oc­
cur with initial doses of trastuzumab. However, it is note­
worthy that several of the most troublesome adverse effects 
associated with chemotherapy, such as nausea, vomiting, 
and mucositis, were not markedJy different between the 
arms and were generally limited to NCI CTC grades l and 2. 
Grade 3 to 4 toxicities were uncommon and showed little 
difference benveen the two groups. 

There is an indication of a slight exacerbation by 
trastuzwnab of some docetaxel-related hematologic tox­
icities, which corroborates a previous report.22 Episodes 
of febri le neutropenia were generally manageable, and 
usually resolved rapidly with standard medical interven­
tions. Furthermore, although there were tw·o deaths as a 
result of septicemia in the docetaxel-alone arm, none 
were reported in the combination arm. Although the 
incidence of adverse events overall was greater in the 
combination arm, discontinuations because of adverse 
events were actually more common in the docetaxel­
alone arm (9% v 20%). This probably reflects the better 
clinical outcome of patients receiving trastuzumab with 
docetaxel and the greater willingness of both patients and 
physicians to persevere in the face of toxicities when 
disease is improving. 

Cardiac dysfunction had been a concern in the 
H0648g trial. A retrospective analysis showed the inci­
dence of symptomatic heart failure to be approximately 
9% among patients receiving trastuzumab plus paclitax­
el.23 Subsequent trials of trastuzumab that have included 
cardiovascular eligibility criteria and prospective cardiac 
monitoring have shown a11 incidence of CHF of less than 
4%.19

•
24

-
29 Jn an analysis of pooled cardiac data from six 

trastuzumab phase II/Ill trials (n = 629; 418 with trastu ­
zumab, 211 controls), including trial M77001, the inci­
dence of CHF in trastuzumab-treated patients was only 
2.7% (l l of 418) .30 Two of 92 patients (2%) receiving 
trastuzwnab plus docetaxel in trial M77001 developed 
symptomatic heart fai lure. Both patients had received 
prior adjuvant anthracyclines. One patient developed 
CHF during the study. The other patient developed CHF 
5 months after discontinuation of trastuzumab, and had 
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received an investigational anthracycline only a month 
after completing trastuzumab, despite the recommended 
24-week washout period between completing trastu­
zumab and commencing anthracycline therapy. These 
data suggest that treatment with trastuzumab in combi­
nation with docetaxel has manageable cardiac toxicity, 
the incidence of which is within the range expected for 
patients receiving trastuzumab plus chemotherapy in 
more recent clinical trials. 

The results of the M77001 trial, which show a sign.ifi­
cant survival benefit for trastuzumab in combination with 
docetaxel, provide for an additional valuable first-line treat­
ment option in routine clinical practice for patients with 
~ER2-positive MBC. Other trials are taking the trastu­
zumab p lus docetaxel combination forward, both in the 
metastatic and adjuvant settings. Randomized trials in pa­
tients with HER2-positive MBC are being perfonned to 
investigate the additional benefit of adding in a third drug, 
such as capecitabine (as in the ongoing M016419 trial) or 
carboplatin (as in the BCJRG 007 trial, which has recently 
completed recruitment). Four large adjuvant trials of tras­
tuzumab in patients with HER2-positive breast cancer are 
currently being conducted: the Herceptin Adjuvant Trial 
(HERA), National Surgical Adjuvant Breast and Bowel 
(NSABP) Project, Intergroup, and Breast Cancer Interna­
tional Research Group (BCIRG) 006 trials. Whereas trastu­
zumab is administered as monotherapy in the HERA trial 
after the completion of standard adjuvant chemotherapy, 
the NSABP and Intergroup trials investigate trastuzumab 
administered either concurrently or sequentially \.\o-ith pac­
litaxel, after anthracycline plus cydophosphamide chemo­
therapy. In the BCIRG 006 trial, docetaxel is administered 
either on its own or concurrently with trastuzumab, after 
AC chemotherapy; a third arm of this trial is examining the 
combination of docetaxel, trastuzumab, and carboplatin 
(analogous to l3CIRG 007). All of these trials have passed their 
per-protocol scheduled interim safety analyses. The final re­
sults of these adjuvant trials are awaited with great interest. 

In the meantime, recent results of a randomized trial of 
trastuzumab administered as neoadjuvant therapy in pa­
tients with HER2-positive operable breast cancer showed 
that the addition of trastuzumab provided a significant 
increase in the pathologic CR rate in combination with 
paclitaxel and fluorouracil, epirubicin, and cyclophospha­
mide compared with chemotherapy alone.31 

In summary, the results of the M77001 trial, together 
with the H0648g trial (trastuzumab in combination with 
paclitaxel) provide strong evidence that the combination of 
trastuzumab with a taxane is efficacious and well tolerated 
as first -line therapy for women with HER2-positive MBC, 
offering a significant survival benefit as well as a higher rate 
and longer duration of responses, compared with a ta.xane 
alone. In addition, the benefit shown for trastuzumab in 
this trial supports ongoing investigations of trastuzumab in 
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Efficacy/Safety of Trastuzumab Plus Docetaxel 

the neoadjuvant and adjuvant treatment of patients with 
HER2-positive breast cancer. 

Authors' Disclosures of Potential 
Conflicts of Interest 

• • ••••o•••'•• •o•••••••••H••-••••••-•••-~••••••••••••~-~·-$$-••OOO•••O~O•• •O•OOO•••-H•·OOOO••••••O•OO•OHO•••·-·-· 

The fo!Jowing authors or their immediate family mem­
bers have indicated a financial interest. No conflict exists for 
dmgs or devices used in a study if they are not being evalu­
ated as part of the investigation. Acted as a consultant 
within the last 2 years: Michel Marty, IGR; Ray Snyder, 
Aventis; Kenneth O'Byn1e, Roche. Performed contract 
work within the last 2 years: Michel Marty, !GR; Ray 
Snyder, Aventis. Served as an officer or member of the 
Board of a company: Ray Snyder, Aventis. Received more 
than $2,000 a year from a company for either of the last 2 
years: Kenneth O'Byrne, Roche; Carol \!\Tard, Roche; Karen 
Mayne, Roche. 

Acknowledgment 
We thank the M77001 study group for their contri­

butions: R. Bell, A. Goldrick, J. d e Greve, V. D'Hondt, M. 
Andersson, J.P. Bergerat, P. Chollet, S. Culine, T. Delozier, 
M. Espie, P. fumoleau, J-P. GuastaUa, P. Lefevre, M. 
Spielmann, 1. Lang, J. Szanto, D. Amadori, A.R. Bianco, S. 
Siena. J.G.M. Klijn, P. Cortes, J.L. Passes. M. Lichinitser, S. 
TjuJandin, E. Alba, N . Batista, M. Constenla, J. Herrero, 
M. Ruiz Borreguero, J. Bergh, Z. Einbeigi, B. Lind, D. 
Cameron, D. Miles, and C. Twelves. 

1. Hynes N, Stem OF: The biology of erbB· 
2/neu/HER-2 and its role in cancer. Biochim 
Biophys Acta 1198:165·1B4. 1994 

2. Stamen DJ, Clark GM, Wong SG. et al: 
Human breast cancer: Corretauon of relapse and 
survival with amplification of the HER·2/neu on· 
cogene. Science 235:177·182, 1987 

3. Stamen DJ, Godolphin W, Jones LA. et al: 
Studies of the HER·2/neu prot0-0ncogene m 
human breast and ovarian cancer. Science 244: 
707-712, 1989 

4. Cobleigh MA, Vogel CL. Tnpathy 0, et al: 
Multinational study of the efficacy and safety of 
humanized anti·HER2 monoclonal antibody m 
women who have HER2-0verexpressing meta· 
static breast cancer that has progressed after 
chemotherapy tor metastatic disease. J Clin On· 
col 17:2639-2648, 1999 

5. Vogel CL, Cobleigh MA, Tripathy 0, et al: 
Efficacy and safety of trastuzumab as a single 
agent in first~ine treatment of HER2-0Verexpressing 
metasraoc breast cancer. J Cl1n Oncol 20:719-726, 
2002 

&. Slamon OJ, Leyland-Jones B, Shak S, et 
al: Use of chemotherapy plus a monoclonal 
antibody against HER2 for metastatic breast 
cancer that overexpresses HER2. N Engl J Med 
344:783·792. 2001 

7. Baselga J: Herceptm alone or 1n combina· 
uon with chemotherapy in the treatmenr of 
HER2·pos1t1ve metastatic breast cancer: Pivotal 
trials. Oncology 61:14·2·1, 2001 (suppl 2) 

8. Krasinska L, Jassem J: Taxanes in the 
treatment of advanced breast cancer. Nowot· 
wory J Oneel 53: 176· 1B4, 2003 

9. Chan S, Friedrichs K. Noel D. et al: Pro· 
spective randomised trial of docetaxel versus 
doxorubicin in patients w ith metastatic breast 
cancer: The 303 Study Group. J Clin Oncol 
17:2341·2354. 1999 

10. Pegram MD, Konecny GE. O'Callaghan C. 
et al · Rational combinations of trastuzumab with 
chemotherapeutic drugs used in the treatment 
o f breast cancer. J Natl Cancer Inst 96:739-749, 
2004 

11. Kuzur M. Albain K, Huntington M, et al: A 
phase 11 trial of docetaxel and Herceptin in met· 
astatic breast cancer patients overexpressmg 

HER·2. Pree Am Soc Chn Oneel 19:131a, 2000 
(abstr 512) 

12. Toi M, Sasaki Y. Tokuda Y, et al: Phase 1/11 
study of trastuzumab (Hercepun) on pharmaco­
k1netics and safety m combination with pacl1taxel 
or docetaxel for metastatic breast cancer. Ann 
Oncol 13:51, 2002 (suppl 5; abstr 182PJ 

13. Bauer-Kosnska B. Lemanska I. Gtogowska I, 
et al: Efficacy and toxicity of docetaxel or cisplatin 
chemotherapy 1n combination with trastuzumab in 
the treatment of patients with chemotherapy pre­
treated HER·2/neu overexpressed metastatic 
breast cancer. Eur J Cancer 1:S141, 2003 (suppl 5; 
abstr 464) 

14. Montemurro F, Chea G, Fagg1uolo R, et 
al : Safety and act1v1ty of docetaxel and trastu· 
zumab in HER2 overexpressing breast cancer: 
A pilot phase II study Am J Ctin Oneel 26:95· 
97, 2003 

15. Tabe1 T, Kimura M, Sano M, et al: Multi· 
centet phase II trial of three-weekly doceraxel and 
weekly trastu2Umab in HER2<Jlle(expressing meta­
static breast cancer patients: Japan East Cancer 
Center Breast Cancer Consortium (JECBC 01 triaO. 
Eur J Cancer 2:131, 2004 (suppl 3; abstr 258) 

16. Raab G. Brugger W, Harbeck N, et al: 
Multicenter randomized phase II study of do­
cetaxel (Doc) given q3w vs q1w plus trastu· 
zumab (Tra) as first line therapy for HE R2 
overexpressing adjuvant anthracycline pre· 
treated metastatic breast cancer (MBC). Breast 
Cancer Res Treat 76:S114, 2002 (suppl 1; abstr 
443) 

17. Raff JP, Rajdev L, Malik U, et al: Phase II 
study of weekly docetaxel alone or in combma· 
tion with trastuzumab in patients with metastatic 
breast cancer. Chn Breast Cancer 4:420-427, 
2004 

18. Meden H. Beneke A. Hesse T, et al: 
Weekly intravenous recombinant humanized 
anti·p1 a5HER2 monoclonal antibody (Herceptin) 
plus docetaxel 1n patients with metastatic breast 
cancer: A pilot study. Anticancer Res 21 :1301· 
1305, 2001 

19. Esteva FJ, Valero V, Booser D. et al: 
Phase II study of weekly docetaxel and trastu· 
zumab for patients with HER·2·overexpressing 
metastatic breast cancer. J Clin Oneel 20: 
1800·1808, 2002 

20. Schwartz GH, Steis R, Mathew L: Patients 
with MSC prospectively selected by FISH derive 

d1nical benefit from first~ine treatment w ith Her· 
cepun plus a taxane. Breast Cancer Res Treat 
76:S 111. 2002 (suppl I ; abstr 429) 

21 . Takao S. Kohno N, Miyashita M, et at: 
Weekly docetaxel and trastuzumab for her2· 
overexpressing metastatic breast cancer: Effi· 
cacy and correlation with biological markers in a 
phase II, mult1center study. Eur J Cancer 2:137, 
2004 (suppl 3; abstr 280) 

22. Tedesco KL, Thor AD, Johnson OH, et al: 
Docetaxel combined with trastuzumab 1s an ac· 
tive regimen m HER·2 3 + overexpressmg and 
fluorescent in situ hybridization-positive meta· 
static breast cancer: A multi~nstitutional phase II 
trial. J Clln Oncol 22:1071·1077, 2004 

23. Cook·Bruns N: Retrospective analysis of 
the safety of Herceptin immunotherapy in met­
astatic breast cancer. Oncology 61 :58-66, 2001 
(suppl 2) 

24. Burstein HJ, Kuter I, Campos SM, et al: 
Clinical activity of trastuzumab and vinorelbine 
in women with HER2·overexpress1ng meta· 
static breast cancer. J Clin Oneel 19:2722· 
2730, 200·1 

25. Jahanzeb M , Mortimer JE, Yunus F, et al: 
Phase II trial of weekly vinorelbine and trastu· 
zumab as first-hne therapy 1n patients w ith HER2 
(+) metastatic breast cancer Oncologist 7:410· 
417, 2002 

26. Seidman AD, Former MN, Esteva FJ, et 
al : Weekly trastuzumab and paclitaxel therapy 
for metastaac breast cancer w ith analysis of 
efficacy and by HER2 immunophenotype and 
gene amplification. J Clin Oneel 19:2587-2595, 
2001 

27. Thomssen CH, Eidtmann H, Untch M, et 
al: Cardiac safety o f epirubian/cyclophospha· 
mide (EC) alone and in combination w ith Hercep· 
tin 1n women with metastatic breast cancer 
(MBC). Breast Cancer Res Treat 76:S111, 2002 
(suppl 1: abstr 430) 

28. Theodoulou M, Campos SM, Batist G. et 
al: TLC 099 (0, Myocet) and Herceptin (H) 1s safe 
in advanced breast cancer (ABC): Final cardiac 
safety and efficacy analysis. Pree Am Soc Cl1n 
Oncol 21 :55a. 2002 (abs tr 216) 

29. Baselga J, Climent MA, Uuch A, et al: 
Results of a phase II study o f liposomal doxoru· 
bicin (Myocet) in combination with weekly pacli· 
taxel and trastuzumab (Herceptin) 1n patients 

4273 

In formation downloaded from jco.ascopubs.org and provided by GENENTECH INC on February 6 , 2008 from 
192.12.78.250. 

Copyright © 2005 by the American Society of C linical Oncology. All rights reseNed. 

1624 of 2036 Celltrion, Inc., Exhibit 1004



with HER2-positive locally advanced or meta· 
static breast cancer (LNMBCJ. Eur J cancer 
2:132. 2004 (suppl 3: abstr 262) 

30. Marty M, Baselga J. Gatzeme1er U. et al; 
Pooled analysis of six trials of trastuzumab 
(Herceptin); Exploratory analysis of changes in 

4274 

Marty et al 

left ventricular ejection fraction (LVEFJ as a 
surrogate for clinical cardiac events. Breast 
Cancer Res Treat 82:S4B, 2003 (abstr 218) 

31. Buzdar AU, Hunt K, Smith T. et at: Sig· 
nificantly higher pathological complete remis­
sion (PCRJ rate following neoadjuvant therapy 

with trastuzumab IHerceptin (Hll. paclitaxel 
(Pl. and anthracycline-containing chemother· 
spy (CTI: Initial results of a randomized trial 1n 
operable breast cancer (BC) w ith HER/2 posi­
tive disease. Proc Am Soc Clin Onool 23:7, 
2004 (abstr 520) 

Information downloaded from jco.ascopubs.org and provided by GENENTECH INC on February 6 , 2008 from 
192.12.78.250. 

Copyright © 2005 by the American Society of Clinical Oncology. All rights reseNed. 

1625 of 2036 Celltrion, Inc., Exhibit 1004



Patent Docket Pl256RlDl 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1643 

Susan D. Hellmann et al. Examiner: Anne Holleran 

Serial No.: 10/356,824 Confirmation No: 4326 

Filed: February 3, 2003 CUSTOMER NO: 09157 

For: TREATMENT WITH ANTl-ErbB2 Electronically Filed On: 

ANTIBODIES February 8, 2008 

PETITION AND FEE FOR TWO MONTH EXTENSION OF TIME 
(37 CFR 1 .136(a)) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Si r: 

Applicants petition the Commissioner of Patents and Trademarks to ext~nd the time for response 

to the Office Action dated September 11, 2007 for two months from December 11 , 2007 to February 

11, 2008. The extended time for response does not exceed the statutory pe.riod. 

Please charge Deposit Account No. 07-0630 in the amount of $460 to cover the cost of the 

extension. Any deficiency or overpayment should be charged or credited to this deposit account. 6. 

duplicate of this sheet is enclosed. 

Date: February 8, 2008 

Respectfully submitted, 

GENENTECH, INC. 

By: /Wendy M. Lee/ · 
Wendy M . Lee 
Reg. No. 40,378 
Telephone No. (650) 225-1994 

1626 of 2036 Celltrion, Inc., Exhibit 1004



Electronic Patent Application Fee Transmittal 

Application Number: 10356824 

Filing Date: 03-Feb-2003 

Title of Invention: Treatment with anti-ErbB2 antibodies 

First Named Inventor/Applicant Name: Virginia E. Paton 

Filer: Wendy M. Lee/Anna Kan 

Attorney Docket Number: P1256R 1D1 

Filed as Large Entity 

Utility Filing Fees 

Description Fee Code Quantity Amount Sub-Total in 
USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post -Al lowance-and -Post-Issuance: 

Extension-of-Time: 

Extension - 2 months with $0 paid 1252 1 460 460 

1627 of 2036 Celltrion, Inc., Exhibit 1004



Description Fee Code Quantity Amount Sub-Total in 
USO($) 

Miscellaneous: 

Total in USO($) 460 

1628 of 2036 Celltrion, Inc., Exhibit 1004



Electronic Acknowledgement Receipt 

EFS ID: 2836580 

Application Number: 10356824 

International Application Number: 

Confirmation Number: 4326 

Title of Invention: Treatment with anti-ErbB2 antibodies 

First Named Inventor/Applicant Name: Virginia E. Paton 

Customer Number: 9157 

Filer: Wendy M. Lee/Anna Kan 

Filer Authorized By: Wendy M. Lee 

Attorney Docket Number: P1256R101 

Receipt Date: 08-FEB-2008 

Filing Date: 03-FEB-2003 

Time Stamp: 17:51 :43 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $460 

RAM confirmation Number 2716 

Deposit Account 070630 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as fol lows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search. and examination fees) 

Charae anv Additional Fees reauired under 37 C.F.R. Section 1.17 IPatent annlication and reexamination orocessina fees\ 

1629 of 2036 Celltrion, Inc., Exhibit 1004



File Listing: 

Document Document Description File Name File Size(Bytes) Multi Pages 
Number /Message Digest Part /.zip (if appl.) 

612944 
1 P1256R1D1 Amend.pdf yes 13 

1318e5eJ37bc6743'31&09926aH66..e 
5be4():1cf 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment - After Non-Final Rejection 1 1 

Claims 2 4 

Applicant Arguments/Remarks Made in an Amendment 5 13 

Warnings: 

Information: 

73573 
2 Examination support document baselga1 O.pdf no 1 

d9c63315e1bd~07b3.Je114c22cOG3 

38474Ca31 

Warnings: 

Information: 

285283 
3 Examination support document Hellmann ExC.pdf no 11 

9d63!5eb70t2<:5dc 11d0doc:l4ff500o992 
b3&t39ad 

Warnings: 

Information: 

261405 
4 Examination support document Pegram Oncogene 1999.pdf no 11 

26d2ocet>t 7cie967C91~oe5741 59041 e 
e.a3da97C 

Warnings: 

Information: 

20422653 
5 Examination support document 132declaration.pdf no 66 

tboc390490&3te~ebfb76eld~1 ste 
bf6602 

Warnings: 

Information: 

306592 
6 Examination support document marty.pdf no 10 

9t534d53d5d3i56302nsecie.5c596726 
99<09001 

Warnings: 

Information: 

1630 of 2036 Celltrion, Inc., Exhibit 1004



31179 
7 Extension of Time P1256R1D1ext.pdf no 1 

5dn3e9'51 992682a'4655ea~4&8•1 
6735214 

Warnings: 

Information: 

8133 
8 Fee Worksheet (PT0-06) fee-info.pdf no 2 

2bbed ldb338e~8e~e.91 lc.21e9b28b 
a14281d5 

Warnings: 

Information: 

Total Files Size (in bytes) 22001762 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the 
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, 
in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary 
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the 
International Application Number and of the International Filing Date (Form PCT/R0/105) will be issued in due 
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement 
Receipt will establish the international filing date of the application. 

1631 of 2036 Celltrion, Inc., Exhibit 1004



. Pat~nt Docket Pl 256Rl D 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1643 

Susan D. Hellmann et al. Examiner: Anne Holleran 

Serial No.: 10/356,824 Confirmation No: 4326 

Filed: February 3,' 2003 CUSTOMER NO: 09157 

For: TREATMENT WITH ANTl-ErbB2 
Electronically Filed On: 

ANTIBODIES February 8, 2008 

INFORMATION DISCLOSURE STATEMENT 

Mall Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Applicants submit herewith patents, publications or other information (listed on the attached 

Form PT0-1449) of which they are aware, which they believe may be material to the examlnatlon 

of this application and in respect of which there may be a duty to disclose in accordance with 37 

CFR §1.56. 

This Information Disclosure Statement Is filed in accordance with the provisions of: 

0 37 CFR §l .97(b) 
• within three months of the filing date of the application other than a 

continued prosecution application under 37 CFR § 1.53(d); or 
• within three months of the date of entry of the national stage of a PCT 

application as set forth in 37CFR§1.491, or 
• before the mailing of the first Office action on fhe merits; or 
• before the mailing of the first Office action after the filing of a request for a 

continued examination under 37 CFR § 1.114. 

(X) 37 CFR §1.97(c) 
• by the applicant after the period specified In 37 CFR § l .97(b ), but prior to the 

mailing date of any of a final action under 37 CFR § 1.113, or a notice of 
allowance under 37 CFR § 1 .311, or an action that otherwise closes 

1632 of 2036 Celltrion, Inc., Exhibit 1004



Serial No.: l 0/356,824 
Filing Date: February 3, 2003 

Page2 

prosecution in the application, and is accompanied by either the fee set 
forth in 37 CFR § l. l 7(p) or a statement as specified in 37 CFR § l .97(e), as 
checked below. 

0 37 CFR §1.97(d) 
aftertbe period specified in CFR § l .97(c), and is accompanied by the fee set 
forth in 37 CFR § l . l 7(p) and a statement as specified in 37 CFR § 1.97(e), as 
checked below. 

(If either of boxes 37 CFR § l .97(c) or 37 CFR § l .97(d) is checked above, the following statement 

under 37 CFR § l .97(e) may need to be completed and/or the fee paid.) 

O 37 CFR §1 .97(e )Each item of information contained in the information disclosure statement 
was first c ited in any communication from a foreign patent office in a counterpart foreign 
application not more than three months prior to the filing of this information disclosure 
statement. 

(X) The U.S. Patent and Trademark Office is hereby authorized to charge Deposit Account No. 
07-0630 in the amount of $180.00 to cover the cost of this Information Disclosure Statement 
under 37 CFR § 1. l 7(p). Any deficiency or overpayment should be charged or c redited to 
this deposit account. 

O 37CFR§1.704(d) Each item of Information contained in the information disclosure statement was 
cited In a communication from a foreign patent.office in a counterpart foreign application and the 
communication was not received by any Individual designated In § l .56(c) more than thirty days 
prior to the filing of this information d isclosure statement. Therefore, in accordance with the 
provisions of 37 CFR § l .704(d), the filing of this information disclosure 'statement will not be 
considered a failure to engage in reasonable efforts to conclude prosecution under 37CFR§1.704. 

A list of the patent(s) and/or publication(s) is set forth on the attached revised Form PT0-1449. 

Copies of the items listed on the PTO-1449 form are supplied herewith, except for (i) United States 

patent(s) and United States patent application pu~licatlon(s) and Qi) additional documents that 

are marked with an asterisk(*) in the attached PT0-1449 form. Copies of United States patents and 

United States patent application publications will not be supplied unles~ requested by the Office 

(37 CFR § l .98(a)(2)(11)) . See Final Rule 1287 OG (October 12, 2004). Additional documents cited with 

an asterisk have not been supplied because they were previously cited by or submitted to the 

Office in prior application Serial No. 09 /208,649, filed December 10, 1998 and benefit from the prior 

application is c laimed in this application under 35 U.S.C § 120. Howev~r, copies of any cited 

document will be provided in its entirety at the request of the Office. 

1633 of 2036 Celltrion, Inc., Exhibit 1004



Serial No.: 10/356,824 
Filing Date: February 3, 2003 

O BLAST results enclosed: 
The undersigned also wishes to bring to the attention of the Examiner BLAST results 
of computerized alignments of the against sequences contained in the 
nucleotide and protein databases. The BLAST results are provided In paper form 
and are identified as reference "BLAST Results A-1 - A-O" (nucleotide) and "BLAST 
Results 8-1 - B-0" (protein) on the PTO Form 1449. Applicant requests that these 
references also be considered and that the Form 1449 be initialed to indicate the 
Examiner's consideration of the references. 

A concise explanation of relevance of the items listed on PT0-1449 is: 
(X) not given 

O given for each listed item 

O given for non-English language listed item(s) (Required) 

Page3 

O In the form of an English language copy of a Search Report from o foreign patent 
office, issued in o counterpart application, which refers to the relevant portions of 
the references. 

In accordance with 37CFR§1.97(g), the filing of this information d isclosure statement 

shall not be construed as a representation that a search has been made. 

In accordance with 37 CFR § 1.97(h), the filing of this information disclosure statement 

shall not be construed to be an admission that the information cited in the statement is, or is 

considered to be, material to patentability as defined in 37 CFR § 1.56(b). 

The Commissioner Is hereby authorized to charge any additional fees required under 37 

CFR 1.16 and 1.17 for this Information Disclosure Statement, or credit overpayment to Deposit 

Account No. 07-0630. 

· Date: February 8, .2008 

Respe9tfully submitted, 

GENENTECH, INC. 

By: /Wendy M. Lee/ 
WendyM. Lee 
Reg. No. 40,378 
Telephone No. (650) 225-1994 

1634 of 2036 Celltrion, Inc., Exhibit 1004



FORM PT0-1449 

LIST OF DISCLOSURES CITED BY APPLICANT 

(Use several sheets if necessary) 

xaminer 
nitials Document Number Date 

*275 2001/0014326 Al 16.08.01 

*276 2002/0001587 Al 03 . 01 . 02 

*277 2003/0202972 30. 1 0 . 03 

*278 2004/0037823 26.02 . 04 

*279 2004/0037824 Al 26.02 . 04 

*280 2004/0106161 Al 03 . 06.04 

*281 2 004/0258685 Al 23. 1 2 . 04 

*282 2005/0208043Al 22.09 . 05 

*283 
' 

2005/0238640Al 27.10 .05 

*284 2005/0244417 Al 03. ll.05 

*285 2006/0013819 Al 19.01.06 

*286 2006/0018899 Al 26 . 01 . 06 

*2 87 2006/0034840 Al 16.02 . 06 

*288 2006/0034 842Al 16 . 02.06 

*289 2006/0073143Al 06.04.06 

*290 2006/0083739Al 2 0 .04.06 

*291 2006/0088523 Al 27.04.06 

*292 2006/0121 044 Al 08.06 . 06 

*293 2006/0165702 Al 27.07 . 06 

*294 2006/0188509 Al 24.08.06 

*295 2006/0193854 Al 31.08.06 

*296 2006/0198843 Al 07.09.06 

*297 2006/0204505 Al 14.09 . 06 

*298 2006/0210561 Al 21 . 09.06 

*299 2006/0228745 Al 1 2.10".06 

*300 2006/0275305 Al 07.12 . 06 

*301 2006/0275306 Al 07.12.06 

*302 2007/0020261 Al 25.01.07 

*303 2007/0026001 Al 01. 02. 07 

*304 2007/0037228 Al 15 . 02 . 07 

*305 2007/0166753 Al 19.07 . 07 

*306 2007 /0184055 Al 09.08.07 

*307 2007/0202516 Al 30.08 . 07 

*308 2007/0224203 Al 27.09.07 

*309 2007/0269429 Al 22. 11. 07 

*310 2007/0292419 Al 20.12.07 

U.S. Dept. of Commerce AttY. Docket No. 

Patent (!nd Trademark Office 
Pl256RlDl 

Applicant 
Hellmann et al . 

Filing Date 
03 Feb 2003 

U.S. PATENT DOCUMENTS 

Name Class 
Andya et al. 

Erickson et al . 

Andy a et al. 

Paton et al. 

Baughman et al. 

Bossenmaier et al. 

Bru netta et al. 

Adams et al. 

Sliwkowski, M. 

Ashkenazi et al. 

Kelsey 

Kao et al . 

Agus 

Adams et al. 

Adams et al. 

S l iwkowski, M. 

Andy a et al. 

Amler et al. 

Allison et al . 

Derynck et al. 

Adams et al. 

Adams et al. 

Sliwkowski et al. 

Baughman et al. 

Mass, R. 

Bryant, J. 

Andya et al . 

Sl iwkowski et al. 

Ashkenazi et al. 

Moeck s et al. 

Mass, R. 

Sli wkowski , M. 

Mass, R. 

Friess et al. 

Kelsey et a l. 

Hel l mann, s . 

Examiner I Date Considered 

Sheet l of 3 

I 
Serial No. 
10/356,824 

l Group 
1643 

Subclass Filing Date 

'Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 

USCOMM-DC 80-398. 

1635 of 2036 Celltrion, Inc., Exhibit 1004



Sheet 2 of 3 

FORM PT0· 1449 U.S. Dept: of Commerce Atty Docket No. I 
Serial No. 

Patent and Trademarl< Office 
P1256R1Dl 10/356,824 

Applicant 
LIST OF DISCLOSURES CITED BY APPLICANT Hellmann et al. 

(Use several sheets if necessary) Filing Date 

I 
Group 

Examiner 
nitials 

Examiner 
nitials 

Document Number 

*311 6,165,464 

*312 6,339,142 

*313 6·;·387' 3 71 Bl 

*314 6,627,196 Bl 

*315 7,041,292Bl 

*316 7,097,840 82 

Date 
26·.12. 00 

15.01.02 

14.05.02 

30.09 . 03 

09.05.06 

29.08.06 

U.S. PATENT DOCUMENTS 

Hudziak et al. 

Basey et al. 

Hudziak et al 

Baughman et al. 

Sliwkowski, M. 

Erickson et al. 

Name 

FOREIGN PATENT DOCUMENTS 

03 Feb 2003 1643 

Class Subclass Filing Date 

Translation 
Document Number Date I Country Class Subclass Yes No 

317 WO 00/69460 Al 23.11.00 PCT 

I 318 WO 2007/145862 A 21.12. 07 PCT 

OTHER DISCLOSURES (Including Authqr, Title, Date, Pertinent Pages, etc.) 
Br odow1cz et al., "Single-agent gemcitabine as secona- anct thirct-line treatment ln metastatic breast 

319 cancer" The Breast 9: 338- 342 (2000) 

Brufsky et al., "Pnase II study or gemcitaoine lGem1 ana trastuzumao lTJ comoination tnerapy in t1rst 
320 line metastatic breast cancer (MBC) patients (pts) with HER2 overexpression" Journal of CH.nical 

Oncol oqy (Abstract No . 10591) 24(185) (Jun 20, 2006) 
Bunn et al., "Expression of Her-2/neu i n human lung cancer cell lines oy immunohist ochemistry and 

321 fluorescence in situ hybridization and its relationship to in vitro cytotoxicity by trastuzumab and 
chemotherapeutic agents" Clinical Cancer Research 7(10) : 3239-3250 (Oct 2001) 
Christoooulou et al., "Comoination ot trastuzumab anct gemcitabine as salvage treatment in metastatic 

322 breast cancer: The experience of the Hellenic Cooperative Oncology Group (HeCOG)" (Poster presented at 
the 39th Annual ASCO Meeting held in Chicago, Illinois; May 31- June 3, 2003) (2003) 
Cnristoaou1ou et a1., "Gemcitaoine and trastuzumao comoination as salvage treatment in patients with HER 

323 2-positive metastatic breast cancer" Proc Am· Soc Clin Oncol (Abstract No. 166) 22:42 (2003) · 

"equ ivocal" The American Heritage Dictionary o:t tne English Language (De:t:inition founa on 
324 http : //www.credoreference.com/entry/4085073) (2003) 

Hirsch et al., "Preclinical studies of gemc1taoine and trastuzumab in breast and lung cancer cell lines" 
325 Clinical Breast Cancer (abstract only) 3(Suppl 1) :12 - 16 (May 2002) 

Hirsch et al., ;,Preclinical stucties of gemc1tab1ne and trastuzumab in breast and .lung cancer cell lines" 
326 Clinical Breast Cancer 3(Suppl 1) :S12· Sl6 (May 2002) 

Nogueras et al., "PllOt stuay or gemcitaoine (GI p.tus trastuzumab lHI 1n metastatic breast cancer 
327 patients with erb-2 overexpression previously treated with anthracyclines (A) and taxanes (T)" European 

Journal of Cancer (Abstract No. 416) 4(Suppl) : 169 (Mar 2006) 
o •snaughnessy et al., "Pnase II stuCly 01: trastuzumao plus gemc1taoine 1n cnemotnerapy-pretreateCI 

328 patients with metastatic breast cancer" Clinical Breast Cancer 5(2) :142- 147 (Jun 2004) 

O'Shaugnnessy et al., "Phase II tr1a1 or gemcitao1ne p.ius trastuzumao in metastatic breast cancer 
329 patient s previously treated with chemotherapy: preliminary results• Clinical Breast Cancer (abstract 

only) 3(Suppl l) :17 - 20 (May 2002) 
Peacock et al., "Phase II trial or gemcitaoine plus trastuzumao in minimally pretreatect HER2 

330 overexpressing metastatic breast cancer" Journal of Clinical Oncology (Abstract No. 704) 23(16S Part I 
of II) :54s (June l, 2005) 
Pegram et al., "Phase II Study or Intravenous Recombinant 11umanizea Ant1-pl8S HER-2 ,Monocl onal Ant1uuuy 

331 (rhuMAb HER- 2) Plus Cisplatin in Patients wi th HER- 2/NEU Overexpressing Metastatic Breast Cancer" 
Proceedinas of the ASC0- 3lst Annual Meetina (Abstract #124) 14:106 (1995) 

Examiner I Date Considered 

'Examiner: Initial if reference conside·red, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 

USCOMM-DC 80-398. 

1636 of 2036 Celltrion, Inc., Exhibit 1004



Sheet 3 of 3 

FORM PT0-1449 U.S. Dept. of Commerce Atty Docket No. 

I 
Serial No. 

Patent and Trademark Office 
Pl256R1Dl 10/356,824 

Applicant 
LIST OF DISCLOSURES CITED BY APPLICANT He l lmann et al. 

(Use several sheets if necessary} Filing Date 

I 
Group 

03 Feb 2003 1643 

OTHER DISCLOSURES (Including Author, Title, Date, Pertinent Pages, etc.) 
Robert et a J. . , "Pnase III comparat ive stuay o t trastuzumao ana pacJ. i taxeJ. wi tn ana witnout caroopJ.atin 

332 in patient s with HER- 2/neu positive advanced br east cancer " (Abs t ract #35. Presented at the 2002 SABCS 
meetinq.) (2002) 
VOSKogJ.ou-NomiKOS et aJ.., "CJ.ini caJ. preaictive vaJ.ue ot t ne i n vitro ce.1.1 .line, numan xenogrart, ana 

333 mouse a l lograft preclinical cancer model s" Clinical Cancer Research 9(11) :4227-4239 (Sep 15, 2003) 
I 

YaraJ.ey et a J. ., "Final. re·auJ. ts ot tne Minnie Pearl. Cancer Researcn Networi< rirst- J. ine trial. or weeKJ.y 
334 paclit:axel/carbopl atin/trast;uzumab in metastatic breast cancer" (Abstract #439 . Presented at the 2002 

SABCS meeting.) (2002) 

\ 

' 

I 

.• 

" 

Examiner 

I 
Date Considered 

'Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 

USCOMM-DC 80-398. 

1637 of 2036 Celltrion, Inc., Exhibit 1004



PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER TIIB PATENT COOPERATION TREATY (PCT) 

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/69460 
Al A61K 39/395, A61P 35/00 II (A61K 

39/395, 31:335) (43) International Publication Date: 23 November 2000 (23.11.00) 

(21) International Application Number: PCT/US00/!2552 

(22) International Filing Date: 9 May 2000 (09.05.00) 

(30) Priority Data: 
601134,085 14 May 1999 (14.05.99) us 

(7l) Applicant: GENENTECH, INC. [US/US]; I DNA Way, South 
San Francisco, CA 94080-4990 (US). 

(72) Inventor: COHEN, Robert, L.; 660 Parrott Drive, San Mateo, 
CA 94402 (US). 

(74) Agents: LEE, Wendy, M. et al.; Genentech, Inc., I DNA Way, 
South San Francisco, CA 94080-4990 (US). 

(54) Title: TREATMENT WITH ANTI-ErbB2 ANTIBODIES 

(57) Abstract 

(81) Designated States: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG,BR,BY,CA,CH,CN,CR,CU,CZ,DE,DK,DM, 
DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, rs. JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LY, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 'IZ, 
UA, UG, UZ, VN. YU, ZA, ZW, ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, 'IZ, UG, ZW), Eurasian patent 
(AM, AZ, BY. KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, 
CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published 
With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

A method treating a human patient to or diagnosed with a tumor in which ErbB2 protein is expressed comprising the following steps, 
performed sequentially: (a) treating the patient with a therapeutically effective amount of an anti-ErbB2 antibody; (b) surgically removing 
the tumor, and then (c) treating the patient with a therapeutically effective an1ount of an anti-ErbB2 antibody or of a chemotherapeutic 
agent. 

1638 of 2036 Celltrion, Inc., Exhibit 1004



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 

AL Albania ES Spain LS Lcso<ho SI Slovenia. 

AM Anncnia Fl Finland LT Lithuania SK Slovakia 
AT Austria FR France LU Luxembourg SN Seoegal 
AU Australia GA Gabon LV Latvia sz Swaziland 
AZ Azerbaijan GB United Kingdom MC Monaco TD Chad 
BA Bosnia and Herzegovina GE Georgia MD Republic of Moldova TG Togo 
BB Barbados GH Ghana MG Madagascar TJ Tajikistan 
BE Bel glum GN Guinea MK "The former Yugoslav TM Turlanenistan 
BF Burkina Faso GR Grcccc Republic of Macedonia TR Tun:ey 
BG Bulgaria HU Hungary ML Mali TT Trinidad and Tobago 
BJ Benin IE Ireland MN Mongolia UA Ulcraine 
BR Brazil IL Israel MR Mauritania UG Uganda 
BY Belarus IS Tee land MW Malawi us United Stares of America 
CA Canada IT Italy MX Mexico uz Uzbekistan 
CF Central African Republic JP Japan NE Niger VN Viet Nam 
CG Congo KE Kenya NL Netherlands YU Yugoslavia 
CH Switzerland KG Kyrgyzstan NO Norway zw Zimbabwe 
CJ C~c d"Jvoirc KP Democratic People's NZ New Zealand 
CM Cameroon Republic of Korea PL Poland 
CN China KR Republic of Korea PT Ponugal 
cu Cuba KZ Kuakstan RO Romania 
CZ Czech Republic LC Saim Lucia RU Russian Federation 
DE Gennany LI Liechtenstein so Sudan 
DK Denmark LK Sri Lanka SE Sweden 
EE Esronia LR Liberia SG Singapore 

1639 of 2036 Celltrion, Inc., Exhibit 1004



5 

WO 00/69460 PCT/US00/ 12552 

TREATMENT WITH ANTI-ErbB2 ANTIBODIES 

Field of the Invention 

The present invention concerns the treatment of cancer with anti-ErbB2 antibodies. 

Background of the Invention 

Proto-oncogenes that encode growth factors and growth factor receptors have been identified to play 

important roles in the pathogenesis of various human malignancies, including breast cancer. It has been found that 

the human erbB2 gene (also known as HER2, or c-erbB-2), which encodes a 185-kd transmembrane glycoprotein 

l 0 receptor (p I 85HEJU) related to the epidermal growth factor receptor (EGFR), is overexpressed in about 25% to 30% 

of human breast cancer (Slamon et al., Science 235:177-182 [1987]; Slamon et al., Science 244:707-712 [ 1989]). 

Several lines of evidence suppon a direct role for ErbB2 in the pathogenesis and clinical aggressiveness 

ofErbB2-overexpressing rumors. The introduction ofErbB2 into non-neoplastic cells has been shown to cause their 

malignant transformation (Hudziak er al., Proc. Natl. A cad Sci. USA 84:7159-7163 [ 1987]; Di Fiore ec al. , Science 

15 237:78-182 [ 1987]). Transgenic mice that express HER2 were found to develop mammary rumors (Guy et al. , Proc. 

Natl. A cad. Sci. USA 89: 10578-10582 [ 1992]). 

Antibodies directed against human ErbB2 protein and the protein encoded by the rat equiva)ent of the 

erbB2 gene (neu) have been described. Drebin et al., Cell 41 :695-706 (1985) refer to an IgG2a monoclonal 

antibody which is directed against the rat neu gene product. This antibody called 7 . 16.4 causes down-modulation 

20 of cell surface pl85 expression on 8104-1-1 cells (NIH-3T3 cells transfected with the neu protooncogene) and 

inhibits colony formation of these cells. In Drebin et al. PNAS (USA) 83:9129-9133 (1986), the 7.16.4 antibody 

was shown to inhibit the tumorigenic growth of neu-transformed NIH-3T3 cells as well as rat neuroblastoma cells 

(from which the neu oncogene was initially isolated) implanted into nude mice. Drebin et al. in Oncogene 2:387-

394 (1988) discuss the production of a panel of antibodies against the rat neu gene product. All of the antibodies 

25 were found to exen a cytostatic effect on the growth of neu-transformed cells suspended in soft agar. Antibodies 

of the IgM, lgG2a and IgG2b isotypes were able to mediate significant in vitro lysis of neu-transformed cells in the 

presence of complement, whereas none of the antibodies were able to mediate high levels of antibody dependent 

cellular cytotoxicity (ADCC) of the neu-transformed cells. Drebin et al. Oncogene 2:273-277 (I 988) report that 

mixtures of antibodies reactive with two distinct regions on the p 185 molecule result in synergistic anti-rumor 

30 effects on neu-transformed NIH-3T3 cells implanted into nude mice. Biological effects of anti-neu antibodies are 

reviewed in Myers et al. , Meth. Enzym. 198:277-290 (1991 ). See also WO 94122478 published October 13, 1994. 

Hudziak et al. , Mo/. Cell. Biol. 9(3):1165-1172 (1989) describe the generation of a panel of anti-ErbB2 

antibodies which were characterized using the human breast tumor cell line SK.BR3. Relative cell proliferation of 

the SKBR3 cells following exposure to the antibodies was determined by crystal violet staining of the monolayers 

35 after72 hours. Using this assay, maximum inhibition was obtained with the antibody called 405 which inhibited 

cellular proliferation by 56%. Other antibodies in the panel, including 7C2 and 7F3, reduced cellular proliferation 

to a lesser extent in this assay. Hudziak et al. conclude that the effect of the 405 antibody on SKBR3 cells was 

cytostatic rather than cytotoxic, since SKBR3 cells resumed growth at a nearly normal rate following removal of 
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the antibody from the medium. The antibody 405 was further found to sensitize p I 85erbB2-overexpressing breast 

rumor cell lines to the cytotoxic effects ofTNF-a. See also W089/06692 published July 27. 1989. The anti-ErbB2 

antibodies discussed in Hudziak et al. are further characterized in Fendly et al. Cancer Research 50: I 550-1558 

( 1990); Kotts et al. In Vitro 26(3):59A (1990); Sarup et al. Growth Regulation I :72-82 ( 1991 ); Shepard et al. J. 

5 C/in. lmmunol. 11(3):117-127 ( 1991 ); Kumar et al. Mo/. Cell. Biol. 11 (2):979-986 ( 1991 ): Lewis et al. Cancer 

lmmunol. lmmunother. 37:255-263 (1993); Pietras et al. Oncogene 9:1829-1838 ( 1994); Vitetta et al. Cancer 

Research 54:5301-5309 ( 1994); Sliwkowski et al. J Biol. Chem. 269(20): 14661-14665 ( 1994); Scott et al. J. Biol. 

Chem. 266: 14300-5 ( 1991 ); and D'souza et al. Proc. Natl. A cad. Sci. 91 :7202-7206 ( 1994). 

Tagliabue et al. Int. J. Cancer 47:933-937 ( 1991 ) describe two antibodies which were selecced for their 

10 reactivity on the lung adenocarcinoma cell line (Calu-3) which overexpresses ErbB2. One of the antibodies, called 

MGR3 , was found to internalize, induce phosphorylation of ErbB2, and inhibit tumor cell growth in vitro. 

McKenzie et al. Oncogene 4:543-548 ( 1989) generated a panel of anti-ErbB2 antibodies with varying 

epitope specificities, including the antibody designated TA I . This TA I antibody was found to induce accelerated 

endocytosis ofErbB2 (see Maier et al. Cancer Res. 5 I :5361-5369 ( 1991 )). Bacus et al. Molecular Carc inogenesis 

15 3:350-362 (1990) reported that the TAI antibody induced maturation of the breast cancer cell lines AU-565 

(which overexpresses the erbB2 gene) and MCF-7 (which does not). Inhibition of growth and acquisition of a 

mature phenotype in these cells was found to be associated with reduced levels of ErbB2 receptor at the cell surface 

and transient increased levels in the cytoplasm. 

Stancovski et al. PNAS (USA) 88:8691-8695 ( 1991) generated a panel of anti-ErbB2 antibodies, injected 

20 them i.p. into nude mice and evaluated their effect on rumor growth of murine fibroblasts transfonned by 

overexpression of the erbB2 gene. Various levels of rumor inhibition were detected for four of the antibodies, but 

one of the antibodies (N28) consistently stimulated tumor growth. Monoclonal antibody N28 induced significant 

phosphorylation of the ErbB2 receptor, whereas the other four antibodies generally displayed low or no 

phosphorylation-inducing activity. The effect of the anti-ErbB2 antibodies on proliferation ofSKBR3 cells was also 

25 assessed. Jn this SKBR3 cell proliferation assay. two of the antibodies (N 12 and N29) caused a reduction in cell 

proliferation relative to control. The ability of the various antibodies to induce cell lysis in vitro via complement­

dependent cytotoxicity (CDC) and antibody dependent cellular cytotoxicity (ADCC) was assessed, with the authors 

of this paper concluding that the inhibitory function of the antibodies was not attributed significantly to CDC or 

ADCC. 

30 Bacus et al. Cancer Research 52:2580-2589 ( 1992) further characterized the antibodies described in 

Bacus et al. ( 1990) and Stancovski et al. of the preceding paragraphs. Extending the i.p. studies of Stancovski et 

al, the effect of the antibodies after i. v. injection into nude mice harboring mouse fibroblasts overexpressing 

human ErbB2 was assessed. As observed in their earlier work, N28 accelerated rumor growth whereas N12 and 

N29 significantly inhibited growth of the ErbB2-expressing cells. Panial tumor inhibition was also observed with 

35 the N24 antibody. Bacus et al. also tested the ability of the antibodies to promote a mature phenotype in the human 

breast cancer cell lines AU-565 and MDA-MB453 (which overexpress ErbB2) as well as MCF-7 (containing low 

levels of the receptor). Bacus et al. saw a correlation between rumor inhibition in vivo and cellular differentiation; 
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the tumor-stimulatory antibody N28 had no effect on differentiation, and the tumor inhibitory action of the N 12, 

N29 and N24 antibodies correlated with the extent of differentiation they induced. 

Xu et al. Int. J. Cancer 53 :401-408 (1993) evaluated a panel ofanti-ErbB2 antibodies for their epitope 

binding specificities, as well as their ability to inhibit anchorage-independent and anchorage-dependent growth of 

5 SKBR3 cells (by individual antibodies and in combinations), modulate cell-surface ErbB2, and inhibit ligand 

stimulated anchorage-independent growth. See also W094/00136 published Jan 6 , 1994 and Kasprzyk et al. 

Cancer Research 52:2771-2776 (I 992) concerning anti-ErbB2 antibody combinations. Other anti-ErbB2 antibodies 

are discussed in Hancock et al. Cancer Res. 51 :4575-4580 (1991); Shawver et al. Cancer Res. 54:1367-1373 

( 1994); Arteaga et al. Cancer Res. 54 :3758-3765 (1994); and Harwerth et al. J. Biol. Chem. 267:15160-15167 

10 (1992). 

A recombinant humanized anti-ErbB2 monoclonal antibody (a humanized version of the murine anti­

ErbB2 antibody 405, referred to as rhuMAb HER2 or HERCEPTIN®) has been clinically active in patients with 

ErbB2-overexpressing metastatic breast cancers that had received extensive prior anticancer therapy. (Baselga et 

al.,J. Clin. Oncol. 14:737-744 [1996]). 

I 5 ErbB2 overexpression is commonly regarded as a predictor ofa poor prognosis, especially in patients with 

primary disease that involves axillary lymph nodes (Slam on et al., [ 1987) and [1989), supra; Ravdin and Chamness, 

Gene 159:19-27 [1995); and Hynes and Stem, Biochim Biophys Acta I 198: 165-184 [1994]), and has been linked 

to sens it ivity and/or resistance to hormone therapy and chemotherapeutic regimens, including CMF 

( cyclophosphamide, methotrexate, and fluoruracil) and anthracyclines (Baselga et al., Oncology 11 (3 Suppl I ) :43-

20 48 [ 1997)). However, despite the association of ErbB2 overexpression with poor prognosis, the odds of HER2-

positive patients responding clinically to treatment with taxanes were greater than three times those of HER2-

negative patients (Ibid). rhuMab HER2 was shown to enhance the activity of paclitaxel (TAXOL®) and 

doxorubicin against breast cancer xenografts in nude mice injected with BT-474 human breast adenocarcinoma 

cells, which express high levels of HER2 (Baselga et al., Breast Cancer. Proceedings of ASCO, Vol. 13, Abstract 

25 53(1994)). 

Summary of the Invention 

In a first aspect, tlie present invention provides a method of treating a human patient susceptible to or 

diagnosed with a tumor in which ErbB2 protein is expressed comprising the following steps, performed 

sequentially: 

30 (a) treating the patient with a therapeutically effective amount of an anti-Erb82 antibody and, optionally, further 

comprising treating the patient with a therapeutically effective amount of a chemotherapeutic agent (e.g. a taxoid, 

such as paclitaxel or doxetaxel); 

(b) surgically removing the tumor; and then 

(c) treating the patient with a therapeutically effective amount of an a111ti-ErbB2 antibody and/or of a 

35 chemotherapeutic agent (e.g. a taxoid, such as paclitaxel or doxetaxel). 

Preferably, the tumor overexpresses ErbB2 protein and is selected from the group consisting of a breast 

tumor, squamous cell tumor, small-cell lung tumor, non-small cell lung tumor, gastrointestinal tumor, pancreatic 

tumor, glioblastoma, cervical tumor, ovarian tumor, liver tumor, bladder rumor, hepatoma, colon tumor, colorectal 

-3-
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tumor, endometrial rumor, salivary gland rumor, kidney tumor, prostate tumor, vulva! tumor. thyroid tumor, 

hepatic tumor, head tumor and neck tumor. 

The invention further provides an article of manufacture comprising a container, a composition within the 

container comprising an anti-ErbB2 antibody and a package insert instructing the user of the composition to treat 

5 a patient essentially according to the above method. 

Brief Descript ion of the Drawings 

Fig. I shows epitope-mapping of the extracellular domain of Erb82 as determined by truncation mutant 

analysis and site-directed mutagenesis (Nakamura et al. J. of Virology 67( 10):6179-6191 [Oct 1993); Renz et al. 

J. Cell Biol. 125(6): 1395-1406 [Jun 1994)). The anti-proliferative MAbs 405 and 3H4 bind adjacent to the 

I 0 transmembrane domain. The various ErbB2-ECD truncations or point mutations were prepared !Tom cDNA using 

polymerase chain reaction technology. The ErbB2 mutants were expressed as gD fusion proteins in a mammalian 

expression plasmid. This expression plasmid uses the cytomegalovirus promoter/enhancer with SV40 termination 

and polyadenylation signals located downstream of the inserted cDNA. Plasmid DNA was transfected into 293S 

cells. One day follow ing transfection, the cells were metabolically labeled overnight in methionine and cysteine-

15 free, low glucose DMEM containing I% dialyzed fetal bovine serum and 25 µCi each of 35s methionine and 35s 

cysteine. Supernatants were harvested either the ErbB2 MAbs or control antibodies were added to the supernatant 

and incubated 2-4 hours at 4"C. The complexes were precipitated, applied to a 10-20% Tricine SOS gradient gel 

and electrophoresed at I 00 V. The gel was electro blotted onto a membrane and analyzed by autoradiography. SEQ 

ID NOs:3 and 4 depict the 3H4 and 405 epitopes, respectively. 

20 

25 

30 

Fig. 2 depicts with underlining the amino acid sequence of Domain I of ErbB2 (SEQ ID NO: I). Bold 

amino acids indicate the location of the epitope recognized by MAbs 7C2 and 7F3 as determined by deletion 

mapping, i.e. the "7C2/7F3 epitope" (SEQ ID N0:2). 

Detailed Description of the Preferred Embodiments 

L Defin itions 

The terms "HER2", "ErbB2" and "c-Erb-82" are used interchangeably. Unless indicated otherwise, the 

terms "Erb82", "c-Erb-8 2" and "HER2" refer to the human protein, and "Her2", "erbB1" and "c-erb-82" refer to 

human gene. The human erbB2 gene and ErbB2 protein are, for example, described in Semba et al., PNAS (USA) 

82:6497-650 I ( 1985) and Yamamoto et al. Nature 319:230-234 ( 1986) (Genebank accession number X03363). 

Erb82 comprises four domains (Domains 1-4). 

The "epitope 405" is the region in the extracellular domain of ErbB2 to which the antibody 405 (ATCC 

CRL 10463) binds. This epitope is close to the transmembrane region ofErbB2. To screen for antibodies which 

bind to the 40 5 epitope, a routine cross-blocking assay such as that described in Antibodies. A Laboratory Manual, 

Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. Alternatively, epitope 

mapping can be performed (see Fig. I) to assess whether the antibody binds to the 405 epitope of ErbB2 (i.e. any 

35 one or more residues in the region from about residue 529, e.g. about residue 561 to about residue 625. inclusive; 

SEQ ID N0:4). 
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The "epitope 3H4" is the region in the extracellular domain of ErbB2 to which the antibody 3H4 binds. 

This epitope is shown in Fig. I, and includes residues from about 541 to about 599, inclusive, in the amino acid 

sequence ofErbB2 extracellular domain (SEQ ID N0:3). 

The "epitope 7C2/7F3" is the region at the N tenninus of the extracellular domain of ErbB2 to which the 

5 7C2 and/or 7F3 antibodies (each deposited with the ATCC, see below) bind. To screen for antibodies which bind 

to the 7C2/7F3 epitope, a routine cross-blocking assay such as that described in Antibodies. A laboratory Manual, 

Cold Spring Harbor Laboratory, Ed Harlow and David Lane ( 1988), can be iperfonned. Alternatively, epitope 

mapping can be perfonned to establish whether the antibody binds to the 7C217F3 epitope on ErbB2 (i.e. any one 

or more of residues in the region from about residue 22 to about residue 53 of ErbB2 [SEQ ID N0:2]). 

10 The tenn "induces cell death" or "capable of inducing cell death" refers to the ability of the antibody to 

make a viable cell become nonviable. The ''cell" here is one which expresses the ErbB2 receptor, especially where 

the cell overexpresses the ErbB2 receptor. A cell which "overexpresses" ErbB2 has significantly higher than nonnal 

ErbB2 levels compared to a noncancerous cell of the same tissue type. Preferably, the cell is a cancer cell, e.g. a 

breast, ovarian, stomach, endometrial, salivary gland. lung, kidney, colon, thyroid, pancreatic or bladder cell. In 

15 vitro, the cell may be a SKBR3, BT474, Calu 3, MDA-MB-453, MDA-MB-361 or SKOV3 cell. Cell death in vitro 

may be determined in the absence of complement and immune effector cells to distinguish cell death induced by 

antibody dependent cellular cytotoxicity (ADCC) or complement dependent cytotoxicity (CDC). Thus, the assay 

for cell death may be performed using heat inactivated serum (i.e. in the absence of complement) and in the 

absence of immune effector cells. To determine whether the antibody is able to induce cell death, loss of membrane 

20 integrity as evaluated by uptake of propidium iodide (Pl), trypan blue (see Moore et al. Cytotechnology 17: I- I I 

(1995]) or 7AAD can be assessed relative to untreated cells. Preferred cell death-inducing antibodies are those 

which induce Pl uptake in the "Pl uptake assay in BT474 cells". 

The phrase "induces apoptosis" or "capable of inducing apoptosis" refers to the ability of the antibody to 

induce programmed cell death as determined by binding of annexin V, fragmentation of DNA, cell shrinkage, 

25 dilation of endoplasmatic reticulum, cell fragmentation, and/or formation of membrane vesicles (called apoptotic 

bodies). The cell is one which overexpresses the ErbB2 receptor. Preferably the "cell" is a rumor cell, e.g. a breast, 

ovarian, stomach, endomet:rial, salivary gland, lung, kidney, colon, thyroid, pancreatic or bladder cell. In vitro, the 

cell may be a SKBR3, BT474, Calu 3 cell, MDA-MB-453, MDA-MB-361 or SKOV3 cell. Various methods are 

available for evaluating the cellular events associated with apoptosis. For example, phosphatidyl serine (PS) 

30 translocation can be measured by annexin binding; DNA fragmentation can be evaluated through DNA laddering 

as disclosed in the example herein; and nuclear/chromatin condensation along with DNA fragmentation can be 

evaluated by any increase in hypodiploid cells. Preferably, the antibody which induces apoptosis is one which 

results in about 2 to 50 fold, preferably about 5 to 50 fold , and most preferably about IO to 50 fold, induction of 

annexin binding relative to untreated cell in an "annexin binding assay using BT474 cells" (see below). 

35 Sometimes the pro-apoptotic antibody will be one which blocks HRG binding/activation of the 

ErbB2/ErbB3 complex (e.g. 7F3 antibody). ln other situations, the antibody is one which does not significantly 

block activation of the ErbB2/ErbB3 receptor complex by HRG (e.g. 7C2). Further, the antibody may be one like 
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7C2 which, while inducing apoptosis, does nor induce a large reduction in the percent of cells in S phase (e.g. one 

which only induces about 0-10% reduction in the percent of these cells relative to control). 

The antibody of interest may be one like 7C2 which binds specificaUy to human ErbB2 and does not 

significantly cross-react with other proteins such as those encoded by the er.bB I, erb83 and/or erbB4 genes. 

5 Sometimes, the antibody may not significantly cross-react with the rat neu protein, e.g., as described in Schecter et 

al. Nature 312:513 (1984) and Drebin et al. , Nature 312:545-548 (1984). In such embodiments, the extent of 

binding of the antibody to these proteins (e.g .. cell surface binding to endogenous receptor) will be less than about 

I 0% as determined by fluorescence activated cell so rting (F ACS) analysis or radioimmunoprecipitation (RIA). 

"Heregulin" (HRG) when used herein refers to a polypeptide which activates the ErbB2-ErbB3 and 

I 0 ErbB2-ErbB4 protein complexes (i.e. induces phosphorylation of tyrosine residues in the complex upon binding 

thereto). Various heregulin polypeptides encompassed by this term are disclosed in Holmes et al., Science, 

256:1205-1210(1992); WO 92120798; Wen eta!. , Mo!. Cell. Biol., 14(3): 1909-1919(1994); and Marchionni eta/. , 

Nattire, 362:3 I 2-318 (I 993), for example. The term includes biologically active fragments and/or variants of a 

naturally occurring HRG polypeptide. such as an EGF-like domain fragment thereof (e.g. HRGP t 177_244 ). 

15 The "ErbB2-ErbB3 protein complex" and "ErbB2-ErbB4 protein complex" are noncovalently associated 

oligomers of the ErbB2 receptor and the Erb83 receptor or ErbB4 receptor, respectively. The complexes form 

when a cell expressing both of these receptors is exposed to HRG and can be isolated by immunoprecipitation and 

analyzed by SOS-PAGE as described in Sliwkowski et al., J. Biol. Chem., 269(20): 14661-14665 (1994). 

"Antibodies" (Abs) and "immunoglobulins" (Igs) are glycoproteins having the same structural 

20 characteristics. While antibodies exhibit binding specificity to a specific antigen, immunoglobulins include both 

antibodies and other antibody-like molecules which lack antigen specificity. Polypeptides of the latter kind are, for 

example, produced at low levels by the lymph system and at increased levels by myelomas. 

"Native antibodies" and "native immunoglobulins" are usually heterotetrameric glycoproteins of about 

150,000 daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain 

25 is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies among the 

heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has regularly spaced 

intrachain disulfide bridges. Each heavy chain has at one end a variable domain (VH) followed by a number of 

constant domains. Each light chain has a variable domain at one end (Vi) and a constant domain at its other end; 

the constant domain of the light chain is aligned with the first constant domain of the heavy chain, and the light-

30 chain variable domain is aligned with the variable domain of the heavy chain. Particular amino acid residues are 

believed to form an interface between the light- and heavy-chain variable domains. 

The term "variable" refers to the fact that cenain ponions of the variable domains differ extensively in 

sequence among antibodies and are used in the binding and specificity of each particular antibody for its particular 

antigen. However, the variability is not evenly distributed throughout the variable domains of antibodies. It is 

35 concentrated in three segments called complementarity detennining regions (CDRs) or hypervariable regions both 

in the light-chain and the heavy-chain variable domains. The more highly conserved portions of variable domains 

are called the framework region (FR). The variable domains of native heavy and light chains each comprise four 

FR regions, largely adopting a (3-sheet configuration, connected by three CDRs, which form loops connecting, and 
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in some cases fonning pan of, the ~-sheet structure. The CDRs in each chain ai-e held together in close proximity 

by the FR regions and, with the CDRs from the other chain, contribute to the formation of the antigen-binding site 

of antibodies (see Kabat et al . . NIH Pub/. No.91-3242, Vol. I, pages 647-669 [ 1991 ]). The constant domains are 

not involved directly in binding an antibody to an antigen, but exhibit various effector functions, such as 

5 panicipation of the antibody in antibody-dependent cellular toxicity. 

Papain digestion of antibodies produces two identical antigen- binding fragments, called "Fab" 

fragments, each with a single antigen-binding site, and a residual "Fe" fragment, whose name reflects its ability to 

crystallize readily. Pepsin treannent yields an F(ab'h fragment that has two amigen-combining sites and is still 

capable of cross-linking antigen. 

I 0 "Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding site. 

This region consists of a dimer of one heavy- and one light-chain variable domain in tight, non-covalent association. 

It is in this configuration that the three CD Rs of each variable domain interact to define an antigen-binding site on 

the surface of the VwVL dimer. Collectively, the six CDRs confer antigen-binding specificity to the antibody. 

However, even a single variable domain (or half of an Fv comprising only three CDRs specific for an antigen) has 

15 the ability to recognize and bind antigen, although at a lower affinity than the entire binding site. 

The Fab fragment also contains the constant domain of the light chain and the first constant domain (CH I) 

of the heavy chain. Fab fragments differ from Fab fragments by the addition of a few residues at the carboxy 

terminus of the heavy chain CH I domain including one or more cysteines from .the antibody hinge region. Fab'-SH 

is the designation herein for Fab' in which the cysteine residue(s) of the constant domains bear a free thiol group. 

20 F(ab')i antibody fragments originally were produced as pairs of Fab' fragments which have hinge cysteines 

between them. Other chemical coup I in gs of antibody fragments are also known. 

The "light chains" of antibodies (immunoglobulins) from any venebrate species can be assigned to one of 

two clearly distinct types, called kappa (K) and lambda () .. ), based on the amino acid sequences of their constant 

domains. 

25 Depending on the amino acid sequence of the constanc domain of their heavy chains, immunoglobulins can 

be assigned to different classes. There are five major classes of immunoglobulins: lgA, lgD, lgE, lgG, and lgM, 

and several of these may be. further divided into subclasses (isotypes), e.g., IgG 1, IgG2, lgG3, IgG4, lgA, and lgA2. 

The heavy-chain constant domains that correspond to the different classes of immunoglobulins are called a, 15, e, 

y, and µ, respectively. The subunit structures and three-dimensional configurations of different classes of 

30 immunoglobulins are well known. 

The term "antibody" is used in the broadest sense and specifically cov.ers intact monoclonal antibodies, 

polyclonal antibodies, rnuhispecific antibodies (e.g . bispecific antibodies) formed from at least two intact 

antibodies, and antibody fragments so long as they exhibit the desired biologicaJ activity. 

"Antibody fragments" comprise a pon ion of an intact antibody, preferably the antigen binding or variable 

35 region of the intact antibody. Examples of antibody fragments include Fab, .Fab', F(ab')i, and Fv fragments; 

diabodies; linear antibodies (Zapata et al. Protein Eng. 8( 10): I 057-1062 [ 1995)); single-chain antibody molecules; 

and multispecific antibodies fonned from antibody fragments. 
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The tenn "monoclonal antibody" as used herein refers to an antibody obtained from a population of 

substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are identical 

except for possible naturally occurring mutations that may be present in minor amoun1s. Monoclonal antibodies 

are highly specific, being direc1ed against a single aniigenic site. Furthermore, in contrast to conventional 

S (polyclonal) antibody preparations which typically include different antibodies directed against different 

determinants (epitopes), each monoclonal antibody is directed against a single determinant on the antigen. In 

addition to their specificity, the monoclonal antibodies are advantageous in that they are synthesized by the 

hybridoma culture. uncontaminated by other immunoglobu I ins. The modifier "monoclonal" indicates the character 

of the antibody as being obtained from a substantially homogeneous population of antibodies, and is not to be 

10 construed as requiring production of the antibody by any particular method. For example, 1he monoclonal 

antibodies to be used in accordance with the present invention may be made by the hybridoma method first 

described by Kohler et al .. Nature, 256:495 ( 1975), or may be made by recombinant DNA methods (see, e.g., U.S. 

Patent No. 4,816,567). The "monoclonal antibodies" may also be isolated from phage antibody libraries using the 

techniques described in Clackson et al., Nature, 352:624-628 ( 1991) and Marks et al .. J. Mo!. Biol. , 222:581-597 

15 ( 1991 ), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) in which 

a portion of the heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies 

derived from a particular species or belonging to a particular antibody class or subclass, while the remainder of the 

chain(s) is identical with or homologous to corresponding sequences in antibodies derived from another species or 

20 belonging to another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the 

desired biological activity (U.S. Patent No. 4 ,8 I 6,567; Morrison et al., Proc. Natl. Acad. Sci. USA, 81 :6851-6855 

(1984)). 

"Humanized" forms of non-human (e.g., murine) antibodies are chimeric immunoglobulins, 

immunoglobulin chains or fragments thereof(such as Fv, Fab, Fab', f(ab'h or other antigen-binding subsequences 

25 of antibodies) which contain minimal sequence derived from non-human immunoglobulin. For the most part, 

humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a 

complementarity-determining region (CDR) of the recipient are replaced by res~dues from a CDR ofa non-human 

species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and capacity. ln some 

instances, Fv framework region (FR) residues of the human immunoglobulin are replaced by corresponding non-

30 human residues. Furthermore, humanized antibodies may comprise residues which are found neither in the 

recipient antibody nor in the imported CDR or framework sequences. These modifications are made to further 

refine and maximize antibody performance. In general, the humanized antibody will comprise substantially all of 

at least one, and typically two, variable domains, in which all or substantially all of the CDR regions correspond 

to those of a non-human immunoglobulin and all or substantially all of the FR regions are those of a human 

35 immunoglobulin sequence. The humanized antibody optimally also will comprise at least a portion of an 

immunoglobulin constant region (Fe), typically that of a human immunoglobulin. For further details, see Jones et 

al., Nature, 321:522-525 (1986); Reichmann et al., Nature, 332:323-329 ( 1988); and Presta, Curr. Op. Struct. Biol., 

2:593-596 (1992). The humanized antibody includes a PRlMATIZED™ antibody wherein the antigen-binding 
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region of the antibody is derived from an antibody produced by immunizing macaque monkeys with the antigen of 

interest. 

"Single-chain Fv" or "sfv" antibody fragments comprise the V H and V L domains of antibody. wherein 

these domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a 

5 polypeptide linker berween the V Hand V L domains which enables the sFv to form the desired structure for antigen 

binding. For a review of sFv see Pltickthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg 

and Moore eds .• Springer-Verlag, New York, pp. 269-315 (1994). 

The term "diabodies" refers to small antibody fragments with rwo antigen-binding sites, which fragments 

comprise a heavy-chain variable domain (V H) connected to a light-chain variable domain (V L) in the same 

I 0 polypeptide chain (V H - V L). By using a linker that is too short to allow pairing between the rwo domains on the 

same chain, the domains are forced to pair with the complementary domains of another chain and create two 

antigen-binding sites. Diabodies are described more fully in. for example, EP 404,097; WO 9311 1161; and 

Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993). 

An "isolated" antibody is one which has been identified and separated and/or recovered from a 

15 component of its natural environment. Contaminant components of its natural environment arc ma[erials which 

would interfere with diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and 

other proteinaceous or nonproteinaceous solutes. In preferred embodiments, the antibody will be purified ( 1) to 

greater than 95% by weight of antibody as determined by the Lowry method, and most preferably more than 99% 

by weight, (2) to a degree sufficient to obtain at least 15 residues ofN-tenninal or internal amino acid sequence by 

20 use of a spinning cup sequenator, or (3) to homogeneity by SOS-PAGE under reducing or nonreducing conditions 

using Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody in situ within 

recombinant cells since at least one component of the antibody's natural environment will nor be present. 

Ordinarily, however, isolated antibody will be prepared by at least one purification step. 

As used herein, the tenn "salvage receptor binding epitope" refers to an epitope of the Fe region of an lgG 

25 molecule (e.g., lgG 1, lgG2, lgG3, or lgG4 ) that is responsible for increasing the in vivo serum half-life of the IgG 

molecule. 

"Treatment" refers to both therapeutic treatment and prophylactic or preventative measures. Those in 

need of treatment include those already with the disorder as well as those in which the disorder is to be prevented. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans, 

30 dom.estic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats, cows, etc. Preferably, the 

mammal is human. 

A "disorder" is any condition that would benefit from treatment with the anti-Erb82 antibody. This 

includes chronic and acute disorders or diseases including those pathological conditions which predispose the 

mammal to the disorder in question. Non-limiting examples of disorders to be treated herein include benign and 

35 malignant tumors; leukemias and lymphoid malignancies; neuronal, glial, astrocytal, hypothalamic and other 

glandlular, macrophagal, epithelial, stromal and blastocoelic disorders; and inflammatory, angiogenic and 

immunologic disorders. 
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The term "therapeutically effective amount" refers to an amount of a drug effective to treat a disease or 

disorder in a mammal. In the case of cance:r, the therapeutically effective amount of the drug may reduce the 

number of cancer cells; reduce the tumor size; inhibit (i.e., slow to some extent and preferably stop) cancer cell 

infiltration into peripheral organs; inhibit (i.e . . slow to some extent and preferably stop) rumor metastasis; inhibit, 

5 to some extent, tumor growth; and/or rel ieve to some extent one or more of the symptoms associated with the 

disorder. To the extent the drug may prevent growth and/or kill existing cancer cells, it may be cytostatic and/or 

cytotoxic. For cancer therapy, efficacy can, for example, be measured by assessing the time to tumor progression 

(TIP). determining the response rate (RR) and/or evaluating overall survival. 

The terms "cancer" and "cancerous" refer 10 or describe the physiological condition in mammals that is 

10 typically characterized by unregulated cell growth. Examples of cancer include, but are not limited to, carcinoma, 

lymphoma, blastoma, sarcoma, and leukemia or lymphoid malignancies. More particular examples of such cancers 

include squamous cell cancer, lung cancer including small-cell lung cancer, non-small cell lung cancer, 

adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, 

gastric or stomach cancer including gastrointestinal cancer, pancreatic cancer, glioblastoma. cervical cancer, 

15 ovarian cancer, liver cancer, bladder cancer. hepatoma, breast cancer. colon cancer, colorectal cancer, endomerrial 

or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, liver cancer. prostate cancer, vulva I cancer, 

thyroid cancer, hepatic carcinoma as well as head and neck cancer. 

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of 

cells and/or causes destruction of cells. The term is intended to include radioactive isotopes (e.g. 1131
, 1123

, I 125
, 

20 v90
, At211

, Cu67
, Bi212

, Pa109
, Re188 and Re186

) , chemotherapeutic agents, and toxins such as enzymatically 

active toxins of bacterial, fungal, plant or animal origin, or fragments thereof. 

A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer. Examples of 

chemotherapeutic agents include alkylating agents such as thiotepa and cyclosphosphamide (CYTOXAN™); alkyl 

sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, 

25 and uredopa; ethylenimines and methylamelamines including altretamine, triethylenemelamine, 

trietylenephosphoramide, triethylenethiophosphaoramide and trimethylolomelamine; nitrogen mustards such as 

chlorambucil, chlomaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine 

oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine, rrofosfamide, uraci l mustard; 

nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine. nimustine, ranimustine; antibiotics such as 

30 aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, calicheamicin, carabicin, 

carzinophilin, chromomycins, dactinomycin, daunorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin, epirubicin. 

mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin, srreptonigrin, 

streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil 

(5-FU); folic acid analogues such as denopterin, methotrexate, pteropterin, trimerrexate; purine analogs such as 

35 fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-

azauridine, carmofur, cytarabine, dideoxyuridine. doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as 

calusterone, dromostanolone propionate, epitiostanol, mepitiostane. testolactone; anti-adrenals such as 

aminoglutethimide, mitotane. trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide 
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glycoside: aminolevulinic acid: amsacrine: bestrabucil: bisanrrene; edarraxate; defofamine; demecolcine: diaziquone; 

elfomithine; elliptinium acetate: etoglucid; gallium nitrate; hydroxyurea: lentinan; lonidamine; mitoguazone; 

mitoxantrone; mopidamol; nirracrine; pentosratin; phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide; 

procarbazine; PSK®; razoxane; sizofiran; spirogermanium: tenuazonic acid; rriaziquone; 2, 2',2"-

5 trichlorotriethylamine: urethan; vindesine; dacarbazine: mannomustine; mitobronitol; mitolactol; pipobroman; 

gacytosine; arabinoside ("Ara-C"): cyclophosphamide: th iotepa; taxoids, e.g. paclitaxel (TAXOL ®, Bristol-Myers 

Squibb Oncology, Princeton, NJ) and doxetaxel (Taxotere, Rhone-Poulenc Rorer. Antony. France); chlorambucil; 

gemcitabine; 6-thioguanine; mercaptopurine; methorrexate; platinum analogs such as cisplatin and carboplatin; 

vinblastine; platinum; etoposide (VP-16); ifosfamide: mitomycin C: mitoxantrone; vincristine; vinorelbine; 

10 navelbine; novantrone; teniposide; daunomycin; carminomycin: aminopterin; xeloda; ibandronate; CPT-11: 

topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFO); retinoic acid; esperamicins; capecitabine; 

and pharmaceutically acceptable salts, acids or derivatives of any of the above. Also included in this definition are 

honnonal agents that act to regulate or inhibit honnone action on rumors such as anti-estrogens including for 

example tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, 

15 L YI I 7018, onapristone; and anti-androgens such as flutamide and nilutamide; and pharmaceutically acceptable 

salts, acids or derivatives of any of the above. 

A "growth inhibitory agent" when used herein refers to a compound or composition which inhibits 

growth of a cell, especially an ErbB2-overexpressing cancer cell either in vitro or in vivo. Thus. the growth 

inhibitory agent is one which significantly reduces the percentage of ErbB2 overexpressing cells in S phase. 

20 Examples of growth inhibitory agents include agents that block cell cycle progression (at a place other than S 

phase), such as agents that induce G 1 arrest and M-phase arrest. Classical M-phase blockers include the vincas 

(vincristine and vinblastine), taxol, and topo II inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, 

and bleomycin. Those agents that arrest GI also spill over into S-phase arrest, for example, DNA alkylating agents 

such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-fluorouracil, and ara-C. 

25 Further information can be found in The Molecular Basis of Cancer, Mendelsohn and Israel. eds., Chapter I. entitled 

"Cell cycle regulation, on cog ens, and antineoplastic drugs" by Murakami et al. (WB Saunders: Philadelphia, 1995), 

especially p. 13. The 405 antibody (and functional equivalents thereof) can also be employed for this purpose. 

"Doxorubicin'' is an athracycline antibiotic. The full chemical name of doxorubicin is (8S-cis)-I 0-((3-

amino-2,3,6-IJ"ideoxy-a-L-lyxo-hexapyranosyl)oxy ]-7,8,9, I O-tetrahydro-6, 8, I l-trihydroxy-8-(hydroxyaceryl)-1-

30 methoxy-5, 12-naphthacenedione. 

The term "cytokine" is a generic term for proteins released by one cell population which act on another 

cell as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional 

polypeptide hormones. Included among the cytokines are growth hormone such as human growth hormone, N­

methionyl human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine; insulin; 

35 proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating hormone (FSH), thyroid 

stimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor; fibroblast growth factor; 

prolactin; placental lactogen; tumor necrosis factor-a and -13; mullerian-inhibiting substance; mouse gonadotropin­

associated peptide; inhibin; activin; vascular endothelial growth factor; integrin; thrombopoietin (TPO); nerve 
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growth factors such as NGF-J3; platelet-growth factor; transfom1ing growth factors (TGFs) such as TGF-a and 

TGF-J3; insulin-like growth factor-I and -II; erythropoietin (EPO); osteoinductive factors: interferons such as 

interferon-a, -J3, and -y; colony stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte­

macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins (!Ls) such as IL- I, IL- I a, IL-2, IL-3, IL-

5 4, LL-5, IL-6, IL-7, IL-8, IL-9, IL-I I. JL-12; a rumor necrosis factor such as TNF-a orTNF-j3: and other polypeptide 

factors including LIF and kit ligand (KL). As used herein. the term cytokine includes proteins from natural sources 

or from recombinant cell culture and biologically active equivalents of the native sequence cytokines. 

The term "prodrug" as used in this application refers to a precursor or derivative form of a 

pharmaceutically active substance that is less cytotoxic to tumor cells compared to the parent drug and is capable 

I 0 of being enzymatically activated or converted into the more active parent form. See, e.g., Wilm an, "Prodrugs in 

Cancer Chemotherapy" Biochemical Society Transacrions, 14, pp. 375-382, 615th Meeting Belfast (1986) and 

Stella et al., "Prodrugs: A Chemical Approach to Targeted Drug Delivery," Directed Drug Delivery, Borchardt et 

al., (ed.), pp. 247-267, Humana Press (1985). The prodrugs of this invention include, but are not limited to, 

phosphate-containing prodrugs, thiophosphate-containing prodrugs. sulfate-containing prodrugs, peptide-containing 

15 prodrugs, D-amino acid-modified prodrugs, glycosylaced prodrugs, J3-Jactam-containing prodrugs, optionally 

substituted phenoxyacetamide-containing prodrugs or optionally substituted phenylacetamide-containing 

prodrugs, 5-fluorocyrosine and other 5-fluorouridine prodrugs which can be converted into the more active 

cytotoxic free drug. Examples of cytotoxic drugs that can be derivatized into a prodrug form for use in this 

invention include, but are not limited to, those chemotherapeutic agents described above. 

20 A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant 

which is useful for delivery of a drug (such as the anti-Erb82 antibodies disclosed herein and, optionally, a 

chemotherapeutic agent) to a mammal. The components of the liposome are commonly arranged in a bilayer 

formation, similar to the lipid arrangement of biological membranes. 

The term "package insert" is used to refer to instructions customarily included in commercial packages 

25 of therapeutic products, that contain information about the indications, usage. dosage, administration, 

contraindications and/or warnings concerning the use of such therapeutic products. 

A "cardioprotectant" is a compound or composition which prevents or reduces myocardial dysfunction 

(i.e. cardiomyopathy and/or congestive heart failure) associated with administration of a drug, such as an 

anthracycline antibiotic and/or an anti-Erb82 antibody, to a patient. The cardioprotectant may, for example, block 

30 or reduce a free-radical-mediated cardiotoxic effect and/or prevent or reduce oxidative-stress injury. Examples of 

cardioprotectants encompassed by the present definition include the iron-chelating agent dexrazoxane (ICRF-187) 

(Seifert et al. The Annals of Pharmacotherapy 28: I 063-1072 [ 1994 ]); a lipid-lowering agent and/or anti-oxidant 

such as probucol (Singal et al. J. Mo/. Cell Cardiol. 27:1055-1063 [1995]); amifostine (aminothiol 2-[(3-

aminopropyl)amino]ethanethiol-dihydrogen phosphate ester, also called WR-2721, and the dephosphorylated 

35 cellular uptake fonn thereof called WR- I 065) and S-3-(3-methylaminopropylamino)propylphosphorothioic acid 

(WR-151327), see Green et al. Cancer Research 54:738-74 I (1994); digoxin (Brisrow, M.R. In: Bristow MR, ed. 

Drug-Induced Heart Disease. New York: Elsevier 191-215 [I 980]); beta-blockers such as metoprolol (Hjalmarson 

et al. Drugs 47:Suppl 4:31-9 [ 1994); and Shaddy et al. Am. Heart J. 129: 197-9 [1995]); vitamin E; ascorbic acid 
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(vitamin C); free radical scavengers such as oleanolic acid. ursolic acid and N-acetylcysteine (NAC); spin trapping 

compounds such as alpha-phenyl-tert-butyl nitrone (PBN); (Paracchini et al., Anticancer Res. 13:1607-1612 

[ 1993 )); selenoorgan ic compounds such as P251 (Elbesen); and the like. 

II. Production of anti-ErbB2 antibodies 

A description follows as to exemplary techniques for the production of the antibodies used in 

accordance with the present invention. The ErbB2 antigen to be used for production of antibodies may be, e.g., a 

soluble form of the extracellular domain of ErbB2 or a ponion thereof, containing the desired epitope. 

Alternatively, cells expressing Erb82 at their cell surface [e.g. NIH-3T3 cells transformed to overexpress ErbB2; 

or a carcinoma cell line such as SKBR3 cells, see Stancovski et al. PNAS (USA) 88:8691 -8695 ( 1991 )) can be used 

I 0 to generate antibodies. Other forms of ErbB2 useful for generating antibodies wil I be apparent to those skilled in 

the art . 

(i) Polyc!onal antibodies 

Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or intraperitoneal (ip) 

injections of the relevant antigen and an adjuvant. It may be useful to conjugate the relevant antigen to a protein 

15 that is immunogenic in the species to be immunized, e.g .. keyhole limpet hemocyanin, serum albumin, bovine 

thyroglobulin, or soybean trypsin inhibitor using a bifunctional or derivatizing agent, for example, 

maleimidobenzoyl sulfosuccinimide ester(conjugation through cysteine residues), N-hydroxysuccinimide (through 

lysine residues), glutaraldehyde. succinic anhydride, SOCl2, or R 1N=C=NR, where R and R 1 are different alkyl 

groups. 

20 Animals are immunized against the antigen, immunogenic conjugates, or derivatives by combining, e.g., 

100 pg or 5 µg of the protein or conjugate (for rabbits or mice, respectively) with 3 volumes ofFreund's complete 

adjuvant and injecting the solution intradermally at multiple sites. One month later the animals are boosted with 

115 to 1110 the original amount of peptide or conjugate in Freund's complete adjuvant by subcutaneous injection 

at multiple sites. Seven to 14 days later the animals are bled and the serum is assayed for antibody titer. Animals 

25 are boosted until the titer plateaus. Preferably, the animal is boosted with the conjugate of the same antigen, but 

30 

conjugated to a different protein and/or through a different cross-linking reagent. Conjugates also can be made in 

recombinant cell culrure a5 protein fusions. Also, aggregating agents such as alum are suitably used to enhance the 

imm1UOe response. 

(ii) Monoclonal antibodies 

Monoclonal antibodies are obtained from a population of substantially homogeneous antibodies, i.e. , the 

indiv idual antibodies comprising the population are identical except for possible naturally occurring mutations that 

may be present in minor amounts. Thus, the modifier "monoclonal" indicates the character of the antibody as not 

being a mixture of discrete antibodies. 

For example, the monoclonal antibod.ies may be made using the hybridoma method first described by 

35 Kohler et al., Nature. 256:495 (1975), or may be made by recombinant DNA methods (U.S. Patent No. 4 ,816,567). 

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster, is immunized as 

hereinabove described to elicit lymphocytes that produce or are capable of producing antibodies that will 

specifically bind to the protein used for immunization. Alternatively, lymphocytes may be immunized in vitro. 
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Lymphocytes then are fused with myeloma cells usmg a suitable fusing agent. such as polyethylene glycol, to form 

a hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103 [Academic Press, 1986]). 

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that preferably 

contains one or more substances that inhibit the grow1h or survival of the unfused, parental myeloma cells. For 

5 example, ifthe parental myeloma cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT 

or HPRT), the culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine 

(HAT medium), which substances prevent the growth of HGPRT-deficient cells. 

Preferred myeloma cells are those that fuse efficiently, support stable ihigh-level production of antibody 

by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. Among these, 

I 0 preferred myeloma cell lines are murine myeloma lines, such as those derived from MOPC-21 and MPC-11 mouse 

tumors available from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2 or X63-

Ag8-653 cells available from the American Type Culture Collection, Rockville, Maryland USA. Human myeloma 

and mouse-human heteromyeloma cell lines also have been described for the production of human monoclonal 

antibodies [Kozbor, J. lmmunol., 133:3001 (1984); Brodeur et al .. Monoclonal Antibody Production Techniques 

15 and Applications, pp. 51-63 (Marcel Dekker, Inc .. New York, 1987)]. 

Culture medium in which hybridoma cells are growing is assayed for production of monoclonal 

antibodies directed against the antigen. Preferably, the binding specificity of monoclonal antibodies produced by 

hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay 

(RIA) or enzyme-linked immunoabsorbent assay (ELISA). 

20 The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard 

analysis of Munson et al .. Anal. Biochem. , 107:220 (1980). 

After hybridoma cells are identified that produce antibodies of the desired specificity, affinity, and/or 

activity, the clones may be subcloned by limiting dilution procedures and grown by standard methods (Goding, 

Monoclonal Antibodies: Principles and Practice, pp.59-103 [Academic Press, 1986]). Suitable culture media for 

25 this purpose include, for example, D-MEM or RPMl-1640 medium. In addition, the hybridoma cells may be grown 

in vivo as ascites tumors in an animal. 

The monoclonal '!ntibodies secreted by the subclones are suitably separated from the culture medium, 

ascites fluid, or serum by conventional immunoglobulin purification procedures such as, for example, protein A­

Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

30 DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional 

procedures (e.g. , by using oligonucleotide probes that are capable of binding specifically to genes encoding the 

heavy and light chains of murine antibodies). The hybridoma cells serve as a preferred source of such DNA. Once 

isolated, the DNA may be placed into expression vectors, which are then transfected into host cells such as£. coli 

cells, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma ceUs that do not otherwise produce 

35 immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. Review 

articles on recombinant expression in bacteria of DNA encoding the antibody include Skerra et al., Curr. Opinion 

in lmmunol., 5:256-262 (1993) and Plilckthun, lmmunol. Revs., 130: 151-188 (1992). 

-14-

1653 of 2036 Celltrion, Inc., Exhibit 1004



WO 00/69460 PCT/US00/12552 

In a further embodiment, antibodies or antibody fragments can be isolated from antibody phage libraries 

generated using the techniques described in McCafferty et al .. Nature, 348:552-554 (1990). Clackson et al., 

Nature, 352:624-628 ( 1991) and Marks et al .. J. Mo/. Biol.. 222:581-597 ( 1991) describe the isolation of murine 

and human antibodies, respectively, using phage libraries. Subsequent publications describe the production of 

5 high affinity (nM range) human antibodies by chain shuffling (Marks et al .. Bio/Technology, I 0:779-783 [ 1992]), 

as well as combinatorial infection and in vivo recombination as a strategy for constructing very large phage 

libraries (Waterhouse et al., Nuc. Acids. Res., 21 :2265-2266 [ 1993 ]). Thus, these techniques are viable alternatives 

to traditional monoclonal antibody hybridoma techniques for isolation of monoclonal antibodies. 

The DNA also may be modified, for example, by substituting the coding sequence for human heavy- and 

10 light-chain constant domains in place of the homologous murine sequences [U.S. Patent No. 4,816,567; Morrison, 

et al., Proc. Natl A cad. Sci. USA, 81 :6851 ( 1984 )], or by covalently joining to the immunoglobulin coding 

sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. 

Typically such non-immunoglobulin polypeptides are substituted for the constant domains of an 

antibody, or they are substituted for the variable domains of one antigen-combining site of an antibody to create a 

15 chimeric bivalent antibody comprising one antigen-combining site having specificity for an antigen and another 

antigen-combining site having specificity for a different antigen. 

(iii) Humanized and human antibodies 

Methods for humanizing non-human antibodies are well known in the art. Preferably, a humanized 

antibody has one or more amino acid residues introduced into it from a source which is non-human. These non-

20 human amino acid residues are often referred to as "import" residues, which are typically taken from an "import" 

variable domain. Humanization can be essentially performed following the method of Winter and co-workers 

(Jones et al., Nature, 321:522-525 (1986); Riechmann et al .. Nature, 332:323-327 (1988); Verhoeyen et al., 

Science, 239: 1534-1536 ( 1988)], by substituting rodent CD Rs or CDR sequences for the corresponding sequences 

of a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent No. 

25 4,816,567) wherein substantially Jess than an intact human variable domain has been substituted by the 

corres.Ponding sequence from a non-human species. In practice, humanized antibodies are typically human 

antibodies in which some CDR residues and possibly some FR residues are substituted by residues from analogous 

sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the humanized 

30 antibodies is very important to reduce antigenicity. According to the so-called "best-fit" method, the sequence of 

the variable domain of a rodent antibody is screened against the entire library of known human variable-domain 

sequences. The human sequence which is closest to that of the rodent is then accepted as the human framework for 

the humanized antibody [Sims er al .. J. lmmunol., 151 :2296 (1993); Chothia et al .. J. Mo/. Biol .. 196:901 (1987)). 

Another method uses a particular framework derived from the consensus sequence of all human antibodies of a 

35 particular subgroup of light or heavy chains. The same framework may be used for several different humanized 

antibodies (Carter et al .. Proc. Nari. A cad. Sci. USA, 89:4285 ( 1992); Presta et al .. J. /mmnol., 151 :2623 (1993)). 

It is further important that antibodies be humanized with retention of high affinity for the antigen and 

other favorable biological properties. To achieve this goal, according to a preferred method, humanized antibodies 
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are prepared by a process of analysis of the parental sequences and various conceptual humanized products using 

three-dimensional models of the parental and humanized sequences. Three-dimensional immunoglobulin models 

are commonly available and are familiar to those skilled in the art. Computer programs are available which 

illustrate and display probable three-dimensional conformational structures of selected candidate immunoglobulin 

5 sequences. Inspection of these displays permits analysis of the likely role of the residues in the functioning of the 

candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability of the candidate 

immunoglobulin to bind its antigen. In this way, FR residues can be selected and combined from the recipient and 

import sequences so that the desired antibody characteristic, such as increased affinity for the target antigen(s), is 

achieved. In general. the CDR residues are directly and most substantially involved in influencing antigen 

10 binding. 

Alternatively, it is now possible to produce transgenic animals (e.g., mice) that are capable, upon 

immunization, of producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin 

production. For example, it has been described that the homozygous deletion of the antibody heavy-chain joining 

region (JH) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous antibody 

15 production. Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice will result 

in the production of human antibodies upon antigen challenge. See, e.g., Jakobovits et al., Proc. Natl. A cad Sci. 

USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258 (1993); Bruggennann et al., Year in Jmmuno., 7:33 

(1993). Human antibodies can also be derived from phage-display libraries (Hoogenboom et al., J. Mo/. Biol., 

227:381 (1991); Marks et al., J. Mo/. Biol., 222:581-597 ( I 991)). 

20 (iv) Antibody fragments 

Various techniques have been developed for the production of antibody fragments. Traditionally, these 

fragmen~ were derived via proteolytic digestion of intact antibodies [see, e.g., Morimoto et al. , Journal of 

Biochemical and Biophysical Methods 24: 107-117 (1992) and Brennan et al., Science, 229:81 (1985)]. However, 

these fragments can now be produced directly by recombinant host cells. For example, the antibody fragments can 

25 be isolated from the antibody phage libraries discussed above. Alternatively, Fab'-SH fragments can be directly 

recove.red from£. coli and chemically coupled to form F(ab')i fragments [Carter et al., Bio/Technology I 0: 163-167 

(1992)). According to anot_her approach, F(ab')i fragments can be isolated directly from recombina.nt host cell 

culrure. Other techniques for the production of antibody fragments will be apparent to the skilled practitioner. In 

other embodiments, the antibody of choice is a single chain Fv fragment (scFv). See WO 93116185. 

30 (v) Bispecific antibodies 

Bispecific antibodies are antibodies that have binding specificities for at least two different epitopes. 

Exemplary bispecific antibodies may bind to two different epitopes of the ErbB2 protein. For example, one arm 

may bind an epitope in Domain I of ErbB2 such as the 7C2/7F3 epitope, the other may bind a diffe.rent ErbB2 

epitope, e.g. the 405 epitope. Other such antibodies may combine an ErbB2 binding site with binding site(s) for 

35 EG~ ErbB3 and/or ErbB4. Alternatively, an anti-ErbB2 arm may be combined with an arm which binds to a 

triggering molecule on a leukocyte such as a T-cell receptor molecule (e.g. CD2 or CD3), or Fe receptors for lgG 

(FcyR)>, such as FcyRl (CD64), FcyRll (CD32) and FcyRlll (CD16) so as to focus cellular defense mechanisms to 

the ErbB2-expressing cell. Bispecific antibodies may also be used to localize cytotoxic agents to cells which 
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express ErbB2. These antibodies possess an ErbB2-binding ann and an arm which binds Lhe cytotoxic agent (e.g. 

saporin, anti-interferon-a, vinca alkaloid, ricin A chain. methotrexate or radioactive isotope hapten). Bispecific 

antibodies can be prepared as full length antibodies or antibody fragments [e.g. F(ab')i bispecific antibodies]. 

Methods for making bispecific antibodies are known in the art. Traditional production of full length 

5 bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-light chain pairs, where the 

two chains have d ifferent specificities (Millstein er al., Nature. 305:537-539 [ 1983)). Because of the random 

assortment ofimmunoglobulin heavy and light chains, these hybridomas (quadromas) produce a potential mixture 

of I 0 different antibody molecules, of which only one has the correct bi specific structure. Purification of the 

correct molecule, which is usually done by affinity chromatography steps, is rather cumbersome, and the product 

10 yields are low. Similar procedures are disclosed in WO 93/08829, and in Traunecker et al .. £MBO J., 10:3655-

3659 (1991). 

According to a different approach, antibody variable domains with the desired binding specificities 

(antibody-antigen combining sites) are fused to immunoglobulin constant domain sequences. The fusion 

preferably is with an immunoglobulin heavy chain constant domain, comprising at least part of the hinge, CH2, and 

15 CH3 regions. It is preferred to have the first heavy-chain constant region (CH I ) containing the site necessary for 

light chain binding, present in at least one of the fusions. DNAs encoding the immunoglobulin heavy chain fusions 

and, if desired, the immunoglobulin light chain, are inse.rted into separate expression vectors, and are co-transfected 

into a suitable host organism. This provides for great flexibility in adjusting the mutual proportions of the three 

polypeptide fragments in embodiments when unequal ratios of the three polypeptide chains used in the 

20 construction provide the optimum yields. It is, however, possible to insert the coding sequences for two or all 

three polypeptide chains in one expression vector when the expression of at least two polypeptide chains in equal 

ratios results in high yields or when the ratios are of no particular significance. 

In a preferred embodiment of this approach, the bispecific .antibodies are composed of a hybrid 

immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid immunoglobulin heavy 

25 chain-light chain pair (providing a second binding specificity) in the other arm. It was found that this asymmetric 

structure facilitates the separation of the desired bispecific compound from unwanted immunoglobulin chain 

combinations, as the presen~e of an immunoglobulin light chain in only one half of the bispecific molecule provides 

for a facile way of separation. This approach is disclosed in WO 94/04!690. For further details of generating 

bispecific antibodies see, for example, Suresh et al .. Methods in Enzymology, 121 :210 (1986). 

30 According to another approach described in W096/2701 I , the interface between a pair of antibody 

molecules can be engineered to maximize the percentage ofheterodimers which are recovered from recombinant 

cell culture. The preferred interface comprises at least a part of the CH3 domain of an antibody constant domain. 

In this method, one or more small amino acid side chains from the interface of the first antibody molecule are 

replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of identical or similar size 

35 to the large side chain(s) are created on the interface of the second antibody molecule by replacing large amino 

acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield 

of the heterodimer over other unwanted end-products such as homodimers. 
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Bispecific antibodies include cross-linked or "heteroconjugate" antibodies. For example, one of the 

antibodies in the heteroconjugate can be coupled to avidin. the other to biotin. Such antibodies have, for example, 

been proposed to target immune system cells to unwanted cells (US Patent No. 4,676,980), and for treatment of 

HIV infection (WO 91 /00360, WO 921200373, and EP 03089). Heteroconjugate antibodies may be made using 

5 any convenient cross-linking methods. Suitable cross-linking agents are well known in the art, and are disclosed 

in US Patent No. 4,676,980, along with a number of cross-linking techniques. 

Techniques for generating bispecific antibodies from antibody fragments have also been described in the 

literature. For example, bispecific antibodies can be prepared using chemical linkage. Brennan et al., Science, 

229: 81 (I 985) describe a procedure wherein intact antibodies are proteolytically cleaved to generate F(ab')i 

I 0 fragments. These fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to stabilize 

vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments generated are then converted 

to thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by 

reduction with mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-TNB derivative to 

form the bispecific antibody. The bispecific antibodies produced can be used as agents for the selective 

15 immobilization of enzymes. 

Recent progress has facilitated the direct recovery of Fab'-SH fragments from £. coli, which can be 

chemically coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med., 175: 217-225 (1992) describe the 

production of a fully humanized bispecific antibody F(ab')i molecule. Each Fab' fragment was separately 

secreted from £. coli and subjected to directed chemical coupling in vitro to form the bispecific antibody. The 

20 bispecific antibody thus formed was able to bind to cells overexpressing the ErbB2 receptor and normal human T 

cells, as well as trigger the lytic activity of human cytotoxic lymphocytes against human breast rumor targets. 

Various techniques for making and isolating bispecific antibody fragments directly from recombinant cell 

culture have also been described. For example, bispecific antibodies have been produced using leucine zippers. 

Kostelny et al., J. lmmunol., 148(5): 1547-1553 (I 992). The leucine zipper peptides from the Fos and Jun proteins 

25 were linked to the Fab' portions of t\vo different antibodies by gene fusion. The antibody homodimers were 

reduced at the hinge region to form monomers and then re-oxidized to form the antibody heterodimers. This 

method can also be utilized· for the production of antibody homodimers. The "d iabody" technology described by 

Hollinger et al., Proc. Natl. Acad Sci. USA, 90:6444-6448 (1993) has provided an alternative mechanism for 

making bispecific antibody fragments. The fragments comprise a heavy-chain variable domain (V H) connected to 

30 a light-chain variable domain (V L) by a linker which is too short to allow pairing berween the two domains on the 

same chain. Accordingly, the VH and VL domains ofone fragment are forced to pair with the complementary VL 

and VH domains of another fragment, thereby forming two antigen-binding sites. Another strategy for making 

bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See Gruber et al .. 

J. lmmunol., 152:5368 (1994). 

35 Antibodies with more than rwo valencies are contemplated. For example, trispecific antibodies can be 

prepared. Tutt et al. J. lmmunol. 147: 60 ( 1991 ). 
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(vi) Screening/or antibodies with the desired properties 

Techniques for generating antibodies have been described above. Those antibodies having the 

characteristics described herein are selected. 

To select for antibodies which induce cell death, loss of membrane integrity as indicated by, e.g., Pl, 

5 trypan blue or 7AAD uptake is assessed relative to control. The preferred assay is the "Pl uptake assay using 

BT474 cells". According to this assay, BT474 cells (which can be obtained from the American Type Culture 

Collection (Rockville, MD)) are cultured in Dulbecco's Modified Eagle Medium (D-MEM):Ham 's F-12 (50:50) 

supplemented with 10% heat-inactivated FBS (Hyclone) and 2 mM L-glutamine. (Thus, the assay is performed 

in the absence of complement and immune effector cells). The BT474 cells are seeded at a density of 3 x l 06 per 

I 0 dish in l 00 x 20 mm dishes and allowed to attach overnight. The medium is then removed and replaced with fresh 

medium alone or medium containing lOµg/ml of the appropriate MAb. The cells are incubated for a 3 day time 

period. Following each treatment. monolayers are washed with PBS and detached by trypsinization. Cells are then 

centrifuged at 1200rpm for 5 minutes at 4°C, the pellet resuspended in 3 ml ice cold Ca2+ binding buffer (I 0 mM 

Hepes, pH 7.4, 140 mM NaCl, 2.5 mM CaCl2) and aliquoted into 35 mm strainer-capped 12 x 75 tubes (lml per 

15 tube, 3 tubes per treatment group) for removal of cell clumps. Tubes then receive Pl (IOµg/ml). Samples may be 

analyzed using a FACSCAN™ flow cytometer and F ACSCONVERTTM CellQuest software (Becton Dickinson). 

Those antibodies which induce statistically significant levels of cell death as determined by PI uptake are selected. 

In order to select for antibodies which induce apoptosis, an "annexin 'binding assay using BT474 cells" 

is available. The BT474 cells are cultured and seeded in dishes as discussed in the preceding paragraph. The 

20 medium is then removed and replaced with fresh medium alone or medium containing IOµg/ml of the MAb. 

Following a three day incubation period, monolayers are washed with PBS and detached by trypsinization. Cells 

are then centrifuged, resuspended in Ca2
+ binding buffer and aliquoted into tubes as discussed above for the cell 

death assay. Tubes then receive labelled annexin (e.g. annexin V-FTIC) ( lµg/ml). Samples may be analyzed 

using a FACSCANTM flow cytometer and FACSCONVERT™ CellQuest software (Becton Dickinson). Those 

25 antibodies which induce statistically significant levels of annexin binding relative to control are selected as 

apoptosis-inducing antibodies. 

In addition to the annexin binding assay, a "DNA staining assay using BT474 cells" is available. In order 

to perform this assay, BT474 cells which have been treated with the antibody of interest as described in the 

preceding two paragraphs are incubated with 9µg/ml HOECHST 33342™ for 2 hr at 37°C, then analyzed on an 

30 EPICS ELITE™ flow cytometer (Coulter Corporation) using MODF.IT L TTM software (Verity Software House). 

Antibodies which induce a change in the percentage of apoptotic cells which is 2 fold or greater (and preferably 3 

fold or greater) than untreated cells (up to I 00% apoptotic cells) may be selected as pro-apoptotic antibodies using 

this assay. 

To screen for antibodies which bind to an epitope on Erb82 bound by an antibody of interest, a routine 

35 cross-blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, 

Ed Harlow and David Lane (1988), can be performed. Alternatively, epitope mapping can be performed by 

methods known io the an. 
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To identify anti-ErbB2 antibodies which inhibit growth of SKBRJ cells in cell culture by SO-I 00%, the 

SKBR3 assay described in W089/06692 can be performed. According to this assay, SKBR3 cells are grown in a 

I: I mixture of F 12 and DMEM medium supplemented with 10% fetal bovine serum, glutamine and 

penicillinstreptomycin. The SKBRJ cells are plated at 20,000 cells in a 35mm ceH culture dish (2mls/35mm dish). 

5 2.5µg/ml of the anti-ErbB2 antibody is added per dish. After six days, the number of cells, compared to untreated 

cells are counted using an electronic COULTER™ cell counter. Those antibodies which inhibit growth of the 

SKBRJ cells by 50-100% are selected for combination with the apoptotic antibodies as desired. 

(vii) Effector function engineering 

It may be desirable to modify the antibody of the invention with respect to effector function, so as to 

10 enhance the effectiveness of the antibody in treating cancer, for example. For example cysteine residue(s) may be 

introduced in the Fe region, thereby allowing interchain disulfide bond formation in this region. The homodimeric 

antibody thus generated may have improved internalization capability and/or increased complement-mediated 

cell killing and antibody~dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med. 176: 1191-1 195 

( 1992) and Shopes, B. J. lmmuno/. 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor 

15 activity may also be prepared using heterobifunctional cross-linkers as described in Wolff et al. Cancer Research 

53:2560-2565 (1993). Alternatively, an antibody can be engineered which has <iual Fe regions and may thereby 

have enhanced complement lysis and ADCC capabilities. See Stevenson et al. Anti-Cancer Drug Design 3:219-230 

20 

25 

(1989). 

(viii) /mmunoconjugates 

The invention a lso pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic agent 

such as a chemotherapeutic agent, toxin (e.g. a small molecule toxin or an enzymatically active toxin of bacterial, 

fungal, plant or animal origin, including fragments and/or variants thereof), or a radioactive isotope (i.e., a 

radioconjugate). 

Chemotherapeutic agents useful in the generation of such immunoconjugates have been described above. 

Conjugates of an antibody and one or more small molecule toxins, such as a calicheamicin, a maytansine 

(U.S. Patent No. 5,208,020), a trichothene, and CCI065 are also contemplated herein. In one preferred 

embodiment of the inventio~, the antibody is conjugated to one or more maytansine molecules (e.g. about 1 to about 

IO maytansine molecules per antibody molecule). Maytansine may, for example, be converted to May-SS-Me 

which may be reduced to May-SH3 and reacted with modified antibody (Chari et al. Cancer Research 52: 127-

30 13 1 (1992]) to generate a maytansinoid-antibody immunoconjugate. 

Another immunoconjugate of interest comprises an anti-ErbB2 antibody conjugated to one or more 

calicheamicin molecules. The calicheamicin family of antibiotics are capable of producing double-stranded DNA 

breaks at sub-picomolar concentrations. Structural analogues of calicheamicin which may be used include, but are 

not limited to, y 1
1
, a2

1, a31, N-acetyl· YJ 1, PSAG and 01
1 (Hinman et al. Cancer Research 53: 3336-3342 [ 1993) and 

35 Lode et al. Cancer Research 58: 2925-2928 ( 1998)). 

Enzymatically active toxins and fragments thereof which can be used include diphtheria A chain, 

nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, 

abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phyto/aca americana 
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proteins (PAPI, PAPII, and PAP-$), momordica charantia inhibitor, curcin, crotio, sapaonaria officinalis inhibitor, 

gelonin, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes . See, for example, WO 93/2 1232 

published October 28, 1993. 

The present invention further contemplates an immuooconjugate formed between an antibody and a 

5 compound with nucleolytic activity (e.g. a ribonuclease or a DNA endonuclease such as a deoxyribonuclease; 

DNase). 

A variety of radioactive isotopes are available for the production of radioconjugated anti-ErbB2 

antibodies. Examples include At211 , I 131, I 125, y 90, Re 186, Re 188, Sm 153, Bi212, P32 and radioactive isotopes of 

Lu. 

10 Conjugates of the antibody and cytotoxic agent may be made using a variety of bifunctional protein 

coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), succinimidyl-4-(N­

maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (ID, bi functional derivatives ofimidoesters (such as 

dimethyl adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), 

bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-

15 diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine 

compounds (such as l ,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as 

described in Vitetta et al. Science 23 8: I 098 ( 1987). Carbon-14-labeled l-isothiocyanatobenzyl-3-methyldiethylene 

triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of radionucleotide to the 

antibody. See W094/l 1026. The linker may be a "cleavable linker" facilitating release of the cytotoxic drug in 

20 the cell. For example, an acid-labile linker, peptidase-sensitive linker, dimethyl linker or disulfide-containing linker 

(Chari et al. Cancer Research 52: 127-131 [1992]) may be used. 

Alternatively, a fusion protein comprising the anti-ErbB2 antibody and cytotoxic agent may be made, 

e.g. by recombinant techniques or peptide synthesis. 

In yet another embodiment, the antibody may be conjugated to a "receptor" (such streptavidin) for 

25 utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient, followed 

by removal of unbound conjugate from the circulation using a clearing agent and then administration ofa "ligand" 

(e.g. avidin) which is conjugated to a cytotoxic agent (e.g. a radionucleotide). 

(ix) lmmunoliposomes 

The anti-ErbB2 antibodies disclosed herein may also be formulated as immunoliposomes. Liposomes 

30 containing the antibody are prepared by methods known in the art, such as described in Epstein et al. , Proc. Natl. 

Acad. Sci. USA, 82:3688 (1985); Hwang et al., Proc. Natl Acad. Sci. USA, 77:4030 (1980); and U.S. Pat. Nos. 

4,485,045 and 4,544,545. Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse phase evaporation method with a lipid 

composition comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatidylethanolamine (PEG-

35 PE). Liposomes are extruded through filters of defined pore size to yield liposomes with the desired diameter. Fab' 

fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin et 

al. J. Biol. Chem. 257: 286-288 ( 1982) via a disulfide interchange reaction. A chemotherapeutic agent or DNA (e.g. 
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for gene therapy) is optionally contained within the liposome. See Gabizon et al. J. National Cancer 

lnst.81(19)1484 (1989) 

(x) Antibody Dependent Enzyme Mediated Prodrug Therapy (ADEPT) 

The antibodies of the present invention may also be used in ADEPT by conjugating the antibody to a 

5 prodrug-activating enzyme which converts a prodrug (e.g. a peptidyl chemotherapeutic agent, see W08l/01145) 

to an active anti-cancer drug. See, for example, WO 88/07378 and U.S. Patent No. 4,975.278. 

The enzyme component of the immunoconjugate useful for ADEPT includes any enzyme capable of 

acting on a prodrug in such a way so as to covert it into its more active, cytotoxic form. 

Enzymes that are useful in the method of this invention include, but are not limited to, alkaline 

10 phosphatase useful for converting phosphate-containing prodrugs into free drugs; arylsulfatase useful for 

converting sulfate-containing prodrugs into free drugs; cytosine deaminase useful for converting non-toxic 5-

fluorocytosine into the anti-cancer drug, 5-fluorouracil: proteases, such as serratia protease, thermolysin, subtilisin, 

carboxypeptidases and cattiepsins (such as camepsins Band L), that are useful for converting pep1ide-co11taining 

prodrugs into free drugs; D-alanylcarboxypeptidases. useful for converting prodrugs that contain D-amino acid 

15 substituents; carbohydrate-cleaving enzymes such as 13-galactosidase and neuraminidase useful for convening 

glycosylated prodrugs into free drugs; 13-lactamase useful for converting drugs derivatized with 13-lactams into free 

drugs; and penicillin amidases, such as penicillin V amidase or penicillin G arnidase, useful for converting drugs 

derivatized at their amine nitrogens with phenoxyacetyl or phenylaceryl groups, respectively, into free drugs. 

Alternatively, antibodies with enzymatic activity, also known in the art as ''abzymes", can be used to convert the 

20 prodrugs of the invention into free active drugs (see, e.g.. Massey, Nature 328: 457-458 [19871). Antibody-abzyme 

conj ugates can be prepared as described herein for delivery of the abzyme to a tumor cell population. 

The enzymes of this invention can be covalently bound to the anti-ErbB2 antibodies by techniques well 

known in the an such as the use of the heterobifunctional crosslinking reagents discussed above. Alternat ively, 

fusion proteins comprising at least the antigen binding region of an antibody of the invention linked to at least a 

25 functionally active portion of an enzyme of the invention can be constructed using recombinant DNA techniques 

w~ll known in the art (see, e.g., Neuberger et al .. Nature, 312: 604-608 [ 1984}). 

(xi) Antibody-salvage receptor binding epitopefusions 

In certain embodiments of the invention, it may be desirable to use an antibody fragment, rather than an 

intact antibody, to increase tumor penetration, for example. In this case, it may be desirable to modify the antibody 

30 fragment in order to increase its serum half life. This may be achieved, for example, by incorporation of a salvage 

receptor binding epitope into the antibody fragment (e.g. by mutation of the appropriate region in the antibody 

fragment or by incorporating the epitope into a peptide tag that is then fused to the antibody fragment at either end 

or in the middle, e.g.. by DNA or peptide synthesis). 

A systematic method for preparing such an antibody variant having an increased in vivo half-life 

35 comprises several steps. The first involves identifying the sequence and conformation of a salvage receptor 

binding epitope of an Fe region of an IgG molecule. Once this epitope is identified, the sequence of the antibody 

of interest is modified to include the sequence and conformation of the identified binding epitope. After the 

sequence is mutated, the antibody variant is tested to see if it has a longer in vivo half-life than that of the original 
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antibody. If the antibody variant does not have a longer in vivo half-life upon testing, its sequence is further 

altered to include the sequence and confonnation of the identified binding epitope. The altered antibody is tested 

for longer in vivo half-life, and this process is continued until a molecule is obtained that exhibits a longer in vivo 

half-life. 

5 The salvage receptor binding epitope being thus incorporated into the antibody of interest is any suitable 

such epitope as defined above, and its nature will depend, e.g., on the type ofantibody being modified. The transfer 

is made such that the antibody of interest still possesses the biological activities described herein. 

The epitope preferably constitutes a region wherein any one or more amino acid residues from one or two 

loops of a Fe domain are transferred to an analogous position of the antibody fragment. Even more preferably, three 

10 or more residues from one or two loops of the Fe domain are transferred. Still more preferred, the epitope is taken 

from the CH2 domain of the Fe region (e.g., of an lgG) and transferred to the CHI, CH3, or VH region, or more 

than one such region, of the antibody. Alternatively, the epitope is taken from the CH2 domain of the Fe region 

and transferred to the CL region or VL region, or both, of the antibody fragment. See, US Patent 5,739,277 issued 

April 14, 1998, expressly incorporated herein by reference. 

15 III. Phar maceutical For mulations 

Therapeutic formulations of the antibodies used in accordance with the present invention are prepared for 

storage by mixing an antibody having the desired degree of purity with optional pharmaceutically acceptable 

carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. [ 1980]), in the 

form of lyophilized formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic 

2Q to recipients at the dosages and concentrations employed, and include buffers such as phosphate, citrate, and other 

organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as 

octadecyldimethylbenzyl ammonium chloride; hexamethoniurn chloride; benzalkonium chloride, benzethonium 

chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; 

cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than about I 0 residues) polypeptides; proteins, 

25 such as serum albumin, gelatin. or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino 

acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and 

other carbohydrates including glucose, man nose, or dexrrins; chelating agents such as EDT A; sugars such as 

sucrose, mannitol, trehalose or sorbitol; salt-fonning counter-ions such as sodium; metal complexes (e.g. Zn-protein 

complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG). 

30 The formulation herein may also contain more than one active compound as necessary for the particular 

indication being treated, preferably those with complementary activities that do not adversely affect each other. For 

example, it may be desirable to further provide antibodies which bind to EGFR, ErbB2 (e.g . an antibody which 

binds a different epitope on ErbB2), Erb83, ErbB4, or vascular endothelial factor (VEGF) in the one formulation. 

Alternatively, or additionally, the composition may comprise a cytotoxic agent, cytokine or growth inhibitory agent. 

35 Such molecules are suitably present in combination in amounts that are effective for the purpose intended. 

The active ingredients may also be entrapped in microcapsules prepared, for example, by coacervation 

techniques or by interfacial polymerization, for example, bydroxymethylcellulose or gelatin-microcapsules and poly­

(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, 
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albumin microspheres, microemulsions. nano-panicles and nanocapsules) or in macroemulsions. Such techniques 

are disclosed in Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. ( 1980]. 

The formulations to be used for in vivo administration must be sterile. This is readily accomplished by 

filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations 

include semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in the 

form of shaped articles, e.g. films, or microcapsules. Examples of sustained-release matrices include polyesters, 

hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 

3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, 

10 degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOTTM(injectable microspheres 

composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for over l 00 

days, certain hydrogels re lease proteins for shorter time periods. When encapsulated antibodies remain in the 

body for a long time, they may denature or aggregate as a resu It of exposure to moisture at 3 7 0 C, resulting in a loss 

15 of biological activity and possible changes in immunogenicity. Rational strategies can be devised for stabilization 

depending on the mechanism involved. For example, if the aggregation mechanism is discovered to be 

intermolecular S-S bond formation through thio-disulfide interchange, stabilization may be achieved by 

modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling moisture content, using appropriate 

additives, and developing specific polymer matrix compositions. 

20 The anti-ErbB2 antibody conjugated to a biodegradable nanopanicle (e.g. polylactic-co-glycolic acid) to 

increase tumor-specificity is also contemplated herein. 

JV. Treatment with the Anti-Erb82 Antibodies 

The invention herein provides a three-step method for treating a human patient susceptible to or diagnosed 

with a tumor (or tumors) in which ErbB2 protein is expressed. Generally, the tumor to be treated is a primary rumor. 

25 In the first step, a therapeutically effective amount of an anti-ErbB2 antibody is administered to the patient in order 

to reduce the size of, or eliminate, the tumor (or tumors) in the patient prior to surgery. The patient is optionally 

further treated with one or more chemotherapeutic agents prior to surgery. In the second step, the tumor is surgically 

removed accordEng to standard surgical procedures (e.g. lumpectomy or mastectomy). Following surgery, in the 

third step, a therapeutically effective amount of an anti-ErbB2 antibody, or of at least one chemotherapeutic agent, 

30 is administered to the patient in order to reduce the likelihood of disease recurrence. Generally, an anti-ErbB2 

antibody will be administered to the patient following surgery and, optionally, one or more chemotherapeutic 

agents will further be administered to the patient during this phase of the therapy. 

It is c_ontemplated that, according to the present invention, the anti-ErbB2 antibodies may be used to treat 

a tumor that expresses, and preferably overexpresses, ErbB2 protein. Exemplary conditions or disorders to be 

35 treated herein include benign or malignant tumors (e.g. renal, liver, kidney, bladder, breast, gastric, ovarian, 

colorectal, prostate, pancreatic, lung, vulval, thyroid, hepatic carcinomas; sarcomas; glioblastomas; and various 

head and neck tumors); leukemias and lymphoid malignancies: other disorders such as neuronal, glial, astrocytal, 
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hypothalamic and other glandular. macrophagal, epithelial, stromal and blastocoelic disorders: and inflammatory, 

angiogenic and immunologic disorders. 

The antibodies of the invention are administered to a human patient, in accord with known methods, such 

as intravenous administration as a bolus or by continuous infusion over a period of time, by intramuscular, 

5 intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial. intrathecal, oral. topical, or inhalation 

routes. Intravenous administration of the antibody is preferred. 

Where the anti-Erb82 antibody is combined with a chemotherapeutic agent the chemotherapeutic agent 

is preferably a taxoid. e.g. paclitaxel or doxetaxel. Combined administration herein includes coadministration, 

using separate formulations or a single pharmaceutical formulation, and consecutive administration in either order, 

I 0 wherein preferably there is a time period while both (or all) active agents simultaneously exert their biological 

activities. Preparation and dosing schedules for such chemotherapeutic agents may be used according to 

manufacturers' instructions or as determined empirically by the skilled practitioner. Preparation and dosing 

schedules for such chemotherapy are also described in Chemotherapy Service Ed., M.C. Perry, Williams & 

Wilkins, Baltimore, MD ( 1992). Administration of the chemotherapeutic agent may precede, or follow, 

15 administration of the antibody or may be given simultaneously therewith. The antibody may be combined with an 

anti-estrogen compound such as tamoxifen or an anti-progesterone such as onapristone (see, EP 616812) in dosages 

known for such molecules. 

It may be desirable to also administer antibodies against other tumor associated antigens, such as 

antibodies which bind to the EGFR, ErbB3, ErbB4, or vascular endothelial factor (VEGF). Alternatively, or 

20 additionally, two or more anti-Erb82 antibodies may be co-administered to the patient. Sometimes, it may be 

beneficial to also administer one or more cytokines to the patient. In a preferred embodiment, the ErbB2 antibody 

is co-administered with a growth inhibitory agent. For example, the growth inhibitory agent may be administered 

first, followed by the Erb82 antibody. However, simultaneous administration or administration of the ErbB2 

antibody first is also contemplated. Suitable dosages for the growth inhibitory agent are those presently used and 

25 may be lowered due to the combined action (synergy) of the growth inhibitory agent and anti-ErbB2 antibody. 

Where cardiotoxicity is observed, a cardioprotecrant may be administered to the patient as appropriate. 

For the preventiori or treatment of disease, the appropriate dosage of antibody will depend on the type of 

disease to be treated, as defined above, the severity and course of the disease, whether the antibody is administered 

for preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to the antibody, 

30 and the discretion of the attending physician. The antibody is suitably administered to the patient at one time or 

over a series of treatments. 

Depending on the type and severity of the disease, about 1 µg/kg to 15 mg/kg (e.g. O. l-20mg/kg) of 

antibody is an initial candidate dosage for administration to the patient, whether, for example, by one or more 

separate administrations, or by continuous infusion. A typical daily dosage might range from about 1 µg/kg to 100 

35 mg/kg or more, depending on the factors mentioned above. For repeated administrations over several days or 

longer, depending on the condition, the treatment is sustained until a desired suppression of disease symptoms 

occurs. However, other dosage regimens may be useful. The progress of this therapy is easily monitored by 

conventional teehniques and assays. 
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V. Articles of Manufacture 

In another embodimenr o f the invention, an article of manufacrure containing materials useful for the 

treatment of the disorders described above is provided. The article of manufacrure comprises a container and a label 

or package insert. Suitable containers include, for example, bonles, vials, syringes, etc. The con1ainers may be 

5 formed from a variety of materials such as glass or plastic. The container holds a composition which is effective 

for treating the condition and may have a sterile access port (for example the container may be an intravenous 

solution bag or a vial having a stopper pierceable by a hypodermic injection needle). At leasr one active agent in 

the composition is an anti-ErbB2 aniibody. The label or package insert on, or associated with, the container 

indicates that the composition is used for treating the condition of choice and further indicates treatment of the 

I 0 patient according to the protocol described herein. The article of manufacture may further comprise a second 

container comprising a pharmaceutically-acceptable buffer, such as phosphate-buffered saline, Ringer's solution and 

dextrose solution. It may further include other materials desirable from a commercial and user standpoint, including 

other buffers, diluents, filters, needles, and syringes. 

Deposit of Materials 

15 The following hybridoma cell lines have been deposited with the Am erican Type Culture Collection, 

12301 Parklawn Drive, Rockville, MD, USA (ATCC): 

Antibody Designa t ion A TCC No. Deposit Date 

7C2 ATCC HB-12215 October 17, 1996 

7F3 ATCC HB- 12216 October 17, 1996 

20 4D5 A TCC CRL I 0463 May 24, 1990 

Further detai ls of the invention are illustrated by the following non- limiting Example. The disclosures of 

all citations in the specification are expressly incorporated herein by reference. 

Example 1 

The anti-ErbB2 lgG 111'. murine monoclonal antibody 4D5, specific for the extracellular domain of ErbB2, 

25 was produced as described in Fendly et al., Cancer Research 50: 1550-1558 (1990) and US Patent 5,677, 171 issued 

October 14, 1997. Briefly, NIH 3T3/HER2-3400 cells (expressing approximately 1 x !05 ErbB2 molecules/cell) 

produced as described in Hudziak et al. Proc. Na1I. A cad Sci. (USA) 84:7159 ( 1987) were harvested with 

phospate buffered saline (PBS) containing 25mM EDT A and used to immunize BALB/c mice. The mice were 

given injections i.p. of 107 cells in 0.5ml PBS on weeks, 0, 2, 5 and 7. The mice with antisera that 

30 immunoprecipitated 32P-labeled ErbB2 were given i.p. injections of a wheat germ agglutinin-Sepharose (WGA) 

purified ErbB2 membrane extract on weeks9 and 13. This was followed by an i.v. injection of0.1ml of the ErbB2 

preparation and the splenocytes were fused with mouse myeloma line X63-Ag8.653. Hybridoma supematants 

were screened for ErbB2-binding by ELISA and radioimmunoprecipitation. MOPC-21 (lgG I), (Cappell, Durham, 

NC), was used as an isotype-matched control. 

35 A humanized version of the murine 405 antibody (HERCEPTIN®) was engineered by inserting the 

complementarity determining regions of the murine 4D5 antibody into the framework of a consensus human 

immunoglobulin (lgG,) (Carter et al., Proc. Natl. Acad Sci. USA 89:4285-4289 [1992); and US Patent No. 
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5,821,337 issued October 13 , 1998). The resulting humanized anti-ErbB2 monoclonal antibody has high affinity 

for pl85HER2 (Dillohiation constant [Kd)=O. I nmol/L), markedly inhibits, in vitro and in human xenografts, the 

growth of breast cancer cells that conta in high levels of Erb82, induces antibody dependent cellular cytotoxic icy 

(ADCC), and has been found clinically active, as a single agent, in patients with ErbB2-overexpressing metastatic 

5 breast cancers that had received extensive prior therapy. 

HERCEPTIN® is produced by a genetically engineered Chinese hamster ovary (CHO) cell line, grown in 

large scale, that secretes the antibody into the culture medium. The antibody is purified from the CHO culture media 

using chromatographic and filtration methods. Each lot of antibod y used is assayed to verify identity, purity, and 

potency, as well as to meet Food and Drug Administration requirements for sterility and safety. 

l 0 Patients with primary breast tumor presentation characterized by overexpression of the Erb82 (HER2) 

oncogene [2+ to 3+ as determined by immunohistochemistry or fluorescence in situ hybridization (FISH)] are 

treated herein. Tumor expression of ErbB2 can be determined by immunohistochemical analysis, as previously 

described (Slamon et al .• Science 235: 177-182 [1987); Slamon et al., Science244:107-112 [ 1989)), ofa set of thin 

sections prepared from the patient's paraffin-archived tumor blocks. Tumors are considered to overexpress ErbB2 

15 if at least 25% of tumor cells exhibit characteristic membrane staining for ErbB2. 

Patients are first treated with HERCEPTIN® for 8-24 weeks, optionally in combination with paclitaxel 

(TAXOL*), in order to reduce the size of, or eliminate, the tumor prior to surgery. On day 0, a 4 mg/kg dose of 

HERCEPTIN® is administered intravenously, over a 90-minute period. Beginning on day 7, patients receive 

weekly administration of2 mg/kg antibody (i.v.) over a 90-minute period. Patients may further receive paclitaxel 

20 (TAXOL*). The initial dose of the HERCEPTIN"' antibody precedes the first cycle of the chemotherapy regimen 

by 24 hours. Subsequent doses of the antibody are given immediately before chemotherapy administration, if the 

initial dose of the antibody is well tolerated. If the first dose of the antibody is not well tolerated, subsequent 

infusions continue to precede chemotherapy administration by 24 hours. Paciltaxel (T AXOL "') is given at a dose 

of 175 mg!m2 over 3 hours by intravenous administration. All patients receiving paclitaxel are premedicated with 

25 dexamethasone (or its equivalent) 20 mg x 2, administered orally 12 and 6 hours prior to paclitaxel; 

diphenhydramine (or its equivalent) 50 mg, iv, administered 30 minutes prior to paclitaxel; and dimetidine (or 

another H2 blocker) 300 mg, iv, administered 30 minutes prior to paclitaxel. After the above therapy, classical 

measures of response may be evaluated immediately prior to surgery; i.e., the sum of the products of the cross­

dimensional diameter of any tumor nodules under observation. 

30 Following therapy as described above, the tumor is surgically removed according to standard surgical 

procedures; lumpectomy or mastectomy. Pathological response may be evaluated at this stage. 

After surgery, the patient is treated with HERCEPTIW~. optionally in combination with paclitaxel 

(T AXOL *},in order to reduce the likelihood of disease recurrence. On day 0, a 4 mg/kg dose of HERCEPTIN® is 

administered intravenously, over a 90-minute period. Beginning on day 7, patients receive weekly administration 

35 of 2 mg/kg antibody ( i.v.) over a 90-minute period. Therapy with HERCEPTIN® is continued for one year. 

Patients may funher receive paclitaxel (T AXOL ®) for 6-24 weeks. The initial dose of the HERCEPTIN® antibody 

precedes the first cycle of the chemotherapy regimen by 24 hours. Subsequent doses of the antibody are given 
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immediately before chemotherapy administration, if the initial dose of the antibody is well tolerated. If the first dose 

of the antibody is not well tolerated, subsequent infusions continue to precede chemotherapy administration by 24 

hours. Paclitaxel (TAXOL ®) is given at a dose of 175 mg/m 2 over 3 hours by intravenous administration. All 

patients receiving paclitaxel are premedicated as described above. 

Patients treated according to the above therapeutic regimen will display improved overall survival 

and/or reduced time to rumor progression (TrP). 
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Claims: 

I. A method of treating a human patient susceptible to or diagnosed with a tumor in which ErbB2 protein is 

expressed comprising the following steps, performed sequentially: 

(a) treating the patient with a therapeutically effective amount of an anti-Erb82 antibody; 

5 (b) surgically removing the tumor; and then 

10 

15 

20 

25 

30 

35 

(c) treating the patient with a therapeutically effective amount of an anti-ErbB2 antibody or of a 

chemotherapeutic agent. 

2. 

3. 

4. 

The me1hod of claim I wherein step (a) further comprises treating the patient with a therapeutically 

effective amount of a chemotherapeutic agent. 

The method of claim I wherein step (c) comprises treating the patient with a therapeutically effective 

amount of an anti-ErbB2 antibody. 

The method of claim 3 wherein step (c) further comprises treating the patient with a therapeutically 

effective amount of a chemotherapeutic agent. 

5. The method of claim I wherein the tumor overexpresses Erb82 protein. 

6. The method of claim 5 wherein the tumor is selected from the group consisting of a breast tumor, 

squamous cell rumor, small-cell lung tumor, non-small cell lung rumor, gastrointestinal tumor, pancreatic 

tumor, glioblastoma, cervical tumor, ovarian tumor, liver tumor, bladder tumor, hepatoma, colon tumor, 

colorectal tumor, endometrial tumor, salivary gland tumor, kidney tumor, prostate tumor, vulva! tumor, 

thyroid 1t1mor, hepatic tumor, head tumor and neck rumor. 

7. The method of claim 6 wherein the tumor is a breast tumor. 

8. The method of claim I wherein the antibody binds to the extracellular domain of the Erb82 protein. 

9. The method of claim 8 wherein the antibody binds to epitope 4 05 within the ErbB2 extracellu tar domain 

sequence. 

I 0. The method of claim 9 wherein the antibody is a humanized 405 anti-ErbB2 antibody. 

I I. The method of claim 2 wherein the chemotherapeutic agent is a taxoid. 

12. The method of claim 11 wherein the taxoid is paclitaxel or doxetaxel. 
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13 . 

14. 

The method of claim 4 wherein the chemotherapeutic agent is a taxoid. 

An article of manufacture comprising a container, a composition within the container comprising an anti­

ErbB2 antibody and a package insert instructing the user of the composition to treat a patient essentially 

according to the method of claim I. 
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• I I • I 

3B4 epitope (SEQ ID N0:3) 

VEECRVLQGLPREYVNARHCLPCHPECQPQNGSVTCFGPEADQCVACAHYKDPPFCVAR 
I I 
541 599 

4D5 epitope (SEQ ID N0:4) 

LPCBPECQPQNGSVTCFGPEADQCVACAHY'KDPPFCVARCPSGVKPDLSYMPIWKFPDEEGACQP 
I I 
561 625 

FIG._ 1 

1 MELAALCRWGLLLALLPPGAASTQVCTGTDMKLRLPA 

38 SPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFL 

75 QDIQEVQGYVLIAHNQVRQVPLQRLRIVRGTQLFEDN 

112 YALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLTEI 

149 LKGGVLIQRNPQLCYQDTILWKDIFHKNNQLALTLID 

1 86 TNRSRA 

FIG._2 
SUBSTITUTE SHEET (RULE 26) 
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<110> Genentech, Inc. 

5 <120> TREATMENT WITH 

<130> Pl757RlPCT 

<141> 2000-05-09 
10 

<150> us 60/134,085 
<151> 1999-05-14 

<160> 4 
IS 

<210> l 
<211> 166 
<212> PRT 
<213> Homo sapiens 

20 
<400> 1 

Cys Thr Gly Thr Asp 
l 5 

25 Thr His Leu Asp Met 
20 

Val Gln Gly Asn Leu 
35 

30 
Leu Ser Phe Leu Gln 

50 

Ile Ala His Asn Gln 
35 65 

Ile Val Arg Gly Thr 
BO 

40 Val Leu Asp Asn Gly 
95 

Gly Ala Ser Pro Gly 
110 

45 
Thr Glu Ile Leu Lys 

125 

Leu Cys Tyr Gln Asp 
so 140 

Asn Asn Gln Leu Ala 
155 

55 Ala 

<210> 2 
<211> 32 

60 <212> PRT 
<213> Homo sapiens 

<400> 2 

Seq:.:ence Listing 

ANTI-ErbB2 A:~TIBODIES 

Met Lys Leu Arg Leu Pro Ala Ser Pro Glu 
10 15 

Leu Arg His Leu Tyr Gln Gly Cys Gln Val 
25 30 

Glu Leu Thr Tyr Leu Pro Thr Asn Ala Ser 
40 45 

Asp Ile Gln Glu Val Gln Gly Tyr Val Leu 
55 60 

Val Arg Gln Va l Pro Leu Gln Arg Leu Arg 
70 75 

Gln Leu Phe Glu Asp Asn Tyr Ala Leu Ala 
85 90 

Asp Pro Leu Asn Asn Thr Thr Pro Val Thr 
100 105 

Gly Leu Arg Glu Leu Gln Leu Arg Ser Leu 
115 120 

Gly Gly Val Leu Ile Gln Arg Asn Pro Gln 
130 135 

Thr Ile Leu Trp Lys Asp Ile Phe His Lys 
145 150 

Leu Thr Leu Ile Asp Thr Asn Arg Ser Arg 
160 165 

Ser Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro 
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l 5 10 15 

Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln 
20 25 30 

5 
Gly Cys 

<210> 3 
10 <211> 59 

<212> PRT 
<213> Homo sapiens 

<400> 3 
15 Val Glu Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val 

l 5 10 15 

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln 
20 25 30 

20 
Asn Gly Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys Val 

35 40 45 

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg 
25 50 55 

<210> 4 
<211> 65 
<212> PRT 

30 <213> Homo sapiens 

<400> 4 
Leu Pro Cys His Pro Glu Cys Gln Pro Gln Asn Gly Ser Val Thr 

l 5 10 15 
35 

Cys Phe Gly Pro Glu Ala Asp Gln Cys Val Ala Cys Ala His Tyr 
20 25 30 

Lys Asp Pro Pro Phe Cys Val Ala Arg Cys Pro Ser Gly Val Lys 
40 35 40 45 

Pro Asp Leu Ser Tyr Met Pro Ile Trp Lys Phe Pro Asp Glu Glu 
50 5!:> 60 

45 Gly Ala Cys Gln Pro 
65 
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EXTENDING SURVIVAL OF CANCER PATIENTS 

WITH ELEVATED LEVELS OF EGF OR TGF-ALPHA 

Field of the Invention 

5 The present invention concerns extending survival of a cancer patient, where the patient is 

producing an elevated level ofEGF or TGF-alph.a, by treating the patient with a HER 

dimerization inhibitor, such as pertuzumab. 

B.aekground of the Invention 

10 HER Receptors and Antibodies Thereagainst 

15 

The HER family of receptor 1yrosine kinases are important mediators of cell growth, 

differentiation and survival. The receptor family includes four distinct members including 

epidermal growth factor receptor (EGFR, ErbBl, or HERl), HER2 (ErbB2 orpl85,...j, HER3 

(ErbB3) and HER4 {Erb84 or tyro2). 

EGFR, encoded by the erbB1 gene, has been causally implicated in human malignancy. 

In particular, inc~eased expression ofEGFR has been obse~ed in breast, bladder, lung, head, neck 

and stomach cancer as well as glioblastomas. Increased EGFR. receptor expression is often 

associated with increased production of the EGFR ligand, transforming growth· factor alpha 

(TGF-a), by the same tumor cells resulting in receptor activation by an autocrine stimulatory 

20 pathway. Baselga and Mendelsohn Pharmac. Ther_ 64: 127-154 (1994). Monoclonal antibodies 

directed against the EGFR or its ligands, TGF-a and EGF, have been evaluated as therapeutic 

agents in the treatment of such malignancies. See, e.g., Baselga and Mendelsohn., supra; Masui 

et al. Cancer Research 44:1002-1007 (1984); and Wu et al. J. Clin. Invest. 95:1897_:1905 (1995). 

The second member of the HER family, pl85no", was originally identified as the product 

25 of the transfonning gene from neuroblastomas of chemically treated rats. The activated form of · 

the neu proto-oncogene results from a point mutation (valine to glutamic acid) in the 

transmembrane region of the encoded protein_ Amplification of the human homolog of neu is 

observed in breast and ovarian cancers and correlates with a poor prognosis (Slamon et al, 

Science, 235:177-182 (1987); Slamon et al .• &ience, 244:707-712 (1989); and US Pat No. 

30 4,968.,603). To date, no point mutation analogous to that in the neu proto-oncogene has been 

reported for human tumors. Overexpression of HER2 (frequently but not uniformly due to gene 

amplification) has also been observed in other carcinomas including carcinomas of the stomach, 

endometrium, salivary gland, lung, kidney, colon, thyroid, pancreas and bladder, See, among 

others, King et al., Science, 229:974 (1985); Yokota et al., Lancet: 1:765-767 (1986); Fukushige 

35 et al., Mol CeU Biol., 6:955-958 (1986); Guerin et al., Oncogene Res., 3:21-31 (1988); Cohen et 

al., Oncogene, 4:81-88 (1989); Yonemura et al., Cancer Res., 51 :1034 (1991); Borst et al., 

1 
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Gynecol. Oncol., 38:364 (1990); Weiner et al.. Ca»cer Res .• 50:421-425 (1990); Kem et al., 

Cancer R.es., 50:5184 (1990); Park et al., Cancer Res., 49:6605 {1989); Zhau et al., MoL 

Carcinog .• 3:254-257 (1990); Aasland et al. Br. J. Cancer 57:358-363 (1988); Williams et al. 

Pathobiology 59:46-52 (1991); and McCann et al., Cancer, 65:88-92 (1990). HER2 may 

5 be overexpressed in prostate cancer (Gu et al. Cancer Lett. 99: 185-9 (1996); Ross et al. Hum. 

Pathol. 28:827-33 (1997); Ross et al. Cancer 79:2162-70 (1997); and Sadasivau et al. J. Urol. 

150:126-31 (1993)). 

Antibodies directed against the rat pi ssn•u and human HER2 protein products have been 

described. 

l 0 Drebin and colleagues have raised antibodies against the rat neu gene product. pl 85neu 

See, for example, Drebin et al., Cell 41:695-706 (1985); Myers et al., Meth. Enzym. 198:277-290 

{1991); and W094/22478. Drebin et al. Oncogene 2:273-277 (1988) report that mixtures of 

antibodies reactive with two distinct regions of pl 85n"" result in synergistic anti-tumor effects on 

nett-transformed NIH-3T3 cells implanted into nude mfoe. See also U.S. Patent 5,824,311 issued 

15 October20, l998. 

Hudziak eta!., Mo/. Cell. Biol. 9(3):1165-1172 (1989) describe the generation of a panel 

ofHER2 antibodies which were characterized using the hum.an breast tumor cell line SK-BR-3. 

Relative cell proliferation of the SK-BR-3 cells following exposure to the antibodies was 

determined by crystal violet staining of the monolayers after 72 hours. Using this assay, 

20 maximum inhibition was obtained with the antibody called 4DS which inhibited ce11ular 

proliferation by 56%. Other antibodies in the panel reduced cellular proliferation to a lesser 

extent in this assay. The antibody 4D5 was further found to sensitize r.IBR2-overexpressing 

breast tumor cell lines to the cytotoxic effects ofTNF-a.. See also U.S. Patent No. 5,677,l 71 

issued October 14, 1997. The HER2 antibodies discussed in Hudziak et al. are further 

25 characterized in Fendly et al. Cancer Research 50:1550-1558 (1990); Kotts et al. In Vitro 

26(3):59A (1990); Sarup et al. Growth Regulation 1:72-82 (1991); Shepard et al. J. Clin. 

Immunol. J 1(3): 1 l7-127 (1991); Kumar et al. Mol. Cell. Biol. 1 l (2):979-986 (1991); Lewis et al. 

Cancer Immunol. lmmunother. 37:255.:.263 (1993); Pietras et al. Oncogene 9:1829-1838 (1994); 

Vitetta et al. Cancer Research 54:5301-5309 (1994); Sliwkowski et al. J. Biol. Chem. 

30 269(20):14661-14665 (1994); Scott et al. J. Biol. Chem. 266:14300-5 (1991); D'soltta et al. Proc. 

Natl. Acad. Sci. 91:7202-7206 (1994); Lewis et al. Cancer Research 56:1457-1465 (1996); and 

Schaefer et al. Oncogene 15:1385-1394 (1997). 

A recombinant humanized version of the murine HBR2 antibody 405 (huMAb4DS-8, 

rhuMAb HER2, trastuzumab or HERCEPTIN®; U.S. Patent No. 5,821,337) is clinically active in 

35 patients with HER2-overexpressing metastatic breast cancers that have received extensive prior 

anti-cancer therapy (Baselga et al., J. Clin. Oncol. 14:737-744 (1996)). Trastu:zumab received 
2 
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marketing approval from the Food and Drug Administration September 25, 1998 for the treatment 

of patients with metastatic breast cancer whose tumors overexpress the HER2 protein. 

Other HER2 antibodies with various properties have been described in Tagliabue et al. Int. J. 

Cancer 47:933-937 ( 199\ ); McKenzie et al. Oncogene 4:543-548 (1989); Maier et al. Cancer Res. 

5 51 :5361-5369 (1991); Bacus et al. Molecular Carcinogene.Yis 3:350-362 (1990); Stancovski et al. 

PNAS (USA) 88:8691 -8695 (1991 ); Bacus et al. Cancer Research 52:2580-2589 (1992); Xu et al. Int. 

J. Cancer 53:401-408 (1993); W094/00136; Kasprzyk et al. Cancer Research 52:2771-2776 

(J992);Hancock et al. Cancer Res. 51 :4575-4580 (1991); Shawver et al. Cancer Res. 54:1367-1373 

(1994); Arteaga et al. Cancer Res. 54:3758-3765 (1994); Harwerth et al. J. BioL Chem. 

10 267:15160-15167 (1992); U.S. Patent No. 5,783,186; and Klapper et al. Oncogene 14:2099-2109 

(1997). 

Homology screening has resulted in the identification of two other HER receptor family . . 
members; HER3 (US Pat. Nos. 5, 1 &3 ,884 and 5,480,968 as well as Kraus et al. PNAS (USA) 86:9193-

9197 (1989)) and HBR4 (EP Pat Appln No 599,274; Plowman et al., Proc. Natl. Acad. Sci. USA. 

15 90:1746-1750 (1993); and Plowman et al., Nature, 366:473-475 (1993)). Both ofthese receptors 

display increased expression on at least some breast cancer cell I ines. 

The HER receptors are generally found in various combinations in cells and 

heterodimerization is thought to increase the diversity of cellular responses to a variety of HER · 

ligands (Earp et al . .Breast Cancer Research and Treatment 35: 115-132 (1995)). EGFR is bound 

20 by six different ligands; epidermal gro\.\1h factor (EGF), transfonning growth factor alpha (TGF­

a), amphiregulin, heparin binding epidermal growth factor (HB-EGF), betacellulin and epiregulin 

(Groenen et al. Growth Factors 11 :235-257 (1994)). A family ofheregulin proteins resulting 

from alternative splicing of a single gene ace ligands for HER3 and HER4. The heregulin family 

includes alpha, beta and gamma heregulins (Holmes et al., Science, 256:1205-121 () (1992); U.S. 

25 Patent No. 5,641,869; and Schaefer et al. Oncogene J 5 :1385-1394 (1997)); neu differentiation 

factors (NDFs), glial growth factors (GGFs); acetylcholine receptor inducing activity (ARIA); and 

sensory and motor neuron derived factor (SMDF). For a review, see Groenen et al. Growth 

Factors 11:235-257 (1994); Lemke, G. Molec. & Celt. Neurosci. 7:24 7-262 (1996) and Lee et al. 

Pharm. Rev. 47:51 -85 (1995). Recently three additional HER ligands were identified; neuregulin-

30 2 (NRG-2) which is reported to bind either HER.3 or HER4 (Chang et al. Nature 387 509-512 

(1997); and Carraway et al Nature 387:512-516 (1997)); neuregulin-3 which binds HER4 (Zhang 

et al. PNAS (USA) 94(18):9562-7 (1997)); and ncureguiin-4 which binds HER4 (Harari et al. 

Oncogene 18:2681-89 (1999)) HB-EGF, betacellulin and epiregulin also bind to HER4. 

While EGF and TGFa do not bind HER2, EGF stimulates EGFR and HER2 to fonn a 

35 heterodimer, which activates EGFR and results in transphosphorylation ofHER2 in the 

heterodimer. Dimerization and/or transphosphorylation appears to activate the HER2 tyrosine 

3 
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kinase. See Earp et al., supra. Likewise, when HER3 is co-expressed with HER2, an active 

signaling complex is formed and antibodies directed against HER2 are capable of disruptjng this 

complex (S liwkowski et al., J. Biol. Chem., 269(20): 14661-14665 (1994)). Additionally, the 

affinity ofHER3 for heregulin (HRG) is increased to a higher affinity state when c<>-expressed 

5 with HER2. See also, Levi et aL. Journal of Neuroscience 15: 1329-1340 (1995); Morrissey et 

al., Proc. Natl. Acad Sci. USA 92: 1431-1435 (1995); and Lewis et aL, Cancer Res., 56:1457-

J 465 (1996) with respect to the HER2-HER3 protein complex. HER4, like HER3, forms an 

active signaling complex with HER2 (Carraway and Cantley, Ce/l 78:5-8 (1994)). 

Patent publications related to HER antibodies include: US 5.677,171, US 5,720,937, US 

10 5,720,954, us 5,725,856, us 5,770,195, us 5,772,997, us 6,165,464, us 6,387,371. us 
6,399,063, US2002/0192211Al, US 6,015,567, US 6,333,169, US 4,968,603, US 5,821,337, US 

6,054.297. US 6.407,213. US 6,719,971. US 6,800.73&, US2004/0236078Af, US 5,648,237, US 

6,267,958, US 6,685,940, US 6,821,515, W098/17797, US 6,127,526. US 6,333,398, US 

6,797,814, US 6,339,142, US 6,417,335, US 6,489,447, W099/31 l40, US2003/0147884Al, 

15 US2003/0170234Al, US2004/0037823Al. US2005/0002928Al, US 6,573,043, US 6,905,830, 

US2003/0152987 A 1, W099/48527, US2002/0141993Al, US2005/0244417 Al, US Patent No. 

6,949,245, US2003/0086924, US2004/0013667Al, W000/69460, US2003/0t70235Al, US 

7,041,292, WOOI/00238, US2006/0083739. WOOl/15730, US 6 ,627,196B1, US6,632,979Bl , 

WOOl/00244, US2002/0001587Al, US2002/0090662Al, US6,984,494B2, WOOl/89566, 

20 US2002/0064785, US2003/0134344, WO 2005/099756, US2006/0013819, W02006/07398Al, 

US2006/0018899, WO 2006/33700, US2006/0088523, US 2006/0034840, WO 04124866, 

US2004/0082047, US2003/0l 75845Al, W003/087131, US2003/0228663, W02004/008099A2, 

US2004/0106161, W02004/048S25, US2004102S8685Al, WO 2005/16968, 

US2005/0038231AIUS 5,985,553, US 5,747,26-1, US 4,935,341, US S,401 ,638, US 5,604,107, 

25 WO 87/07646, WO 89/10412, WO 91/05264, EP 412,116 Bl, BP 494,135 Bl, US 5,824,311, EP 

444,181Bl,EP1,006,194 A2, US 2002/0155527Al, WO 91102062, US 5,571,894, US 

5,939,531, EP 502,812 Bl, WO 93/03741, EP 554,441 Bl, EP 656,367 Al, US 5,288,477, US 

5,514,554. US 5,587,458, WO 93/12220, WO 93/16185, US 5,877,305, WO 93/21319, WO 

93/21232, US 5,856,089, WO 94122478, US 5,910,486, US 6,028,059, WO 96/07321, US 

30 5,804,396, US 5,846,749, EP 711,565, WO 96116673, US 5,783,404, US 5,977,322, US 

6,512,097, WO 97/00271, US 6,270,765, US 6,395,272, US 5,837,243, WO 96/40789, US 

5,783,186, US 6,458,356, WO 97/20858, WO 97/38731, US 6,214,388, US 5,925,519, WO 

98/02463, US 5,922,845, WO 98/18489, WO 98/33914, US 5,994,071, WO 98/45479, US 

6,.358,682 Bl, US 2003/0059790, WO 99/55367, WO 01120033, US 200210076695 Al, WO 

35 oon8347, WO 01/09187, WO 01/21192, WO 01/32155, WO 01/53354, WO 01/56604, WO 

01176630, W002/05791, WO 02/11677, US 6,582,919, US2002/0192652Al, US 
4 
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2003/0211530Al, WO 02/44413, us 2002/0142328, us ·6.602,670 B2, WO 02/45653, WO 

02/055106, US 2003/0152572, US 2003/0165840, WO 02/087619, WO 03/006509, 

W003/012072, WO 03/02863 8, US 2003/0068318, WO 03/041 736, EP 1,3 57 ,132, US 

2003/0202973. US 2004/0138160, US 5,705,'157, US 6,123,939, EP 616,812 Bl, US 

5 2003/0103973, US 2003/0108545, US 6,403,630 Bl, WO 00/61145, WO 00/61185, US 

6,333,348 Bl, WO 01/05425, WO 01/64246, US 2003/0022918, US 2002/0051785 Al, US 

6,767,541, WO Oin6586, US 2003/0144252, WO 01/87336, US 2002f003151S Al, WO 

01/87334, WO 02(05791, WO 02109754, US 2003/0157097, US 200210076408, WO 02/055106, 

WO 02/070008, WO 02/089842 and WO 03186467. 

10 

Diagnostics 

Patients treated with the HER2 antibody trastuzumab are selected for therapy based on 

HER2 overexpression/amplification. See, for example, W099/31l40 (Paton et al.), 

US2003/0170234Al (Hellmann, S.), and US2003/0147884 (Paton et al.); as well as 

15 WOOl/89566, US2002/0064785, and US2003/0134344 (Mass et al.). See, also, US Patent No. 

6,573,043, US Patent No. 6,905,830, and US2003/0152987, Cohen et ai., concerning 

immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) for detecting HER2 

overexpression and amplification. 

W02004/053497 and US2004/0248l5A1 (Bacus et al.). as well as US 2003/0190689 

20 (Crosby and Smith), refer to determining or predicting response to trastuzumab therapy. 

US2004/013297 Al (Bacus et al.) concerns determining or predicting response to ABX0303 

EGFR antibody therapy. W02004/000094 (Saous et al.) is directed to determining response to 

GW5720l 6, a small molecule, EGFR-HER2 tyrosine kinase inhibitor. W02004/063709, Amler el 

al., refers to biomarkers and methods for determining sensitivity to EGFR inhibitor, erlotinib HCI. 

25 US2004/0209290 and W004/065583, CobJeigh et al., concern gene ex.pression markers for 

breast cancer prognosis. See, also, WOOJ/078662 (Baker et al.), and W003/040404 (Bevilacqua 

et al .. ). W002/44413 (Danenberg, K.) refers to determining EGFR and HER2 gene expression for 

determining a chemotherapeutic regimen. 

Patients treated with pertuzumab can be selected for therapy based on HER activation or 

30 dimerization. Patent publications concerning pertuzumab and selection of patients for therapy 

therewith include: US Patent No. 6,949,245, WOOl/00245, US2005/0208043, US2005/0238640, 

US2006/0034842, and US2006/0073 l43 (Adams et al.); US2003/0086924 (Sliwkowski, M.); 

US2004/0013667Al (Sliwkowski, M.); as well as W02004/008099A2. and US2004/0106161 

(Bossenmaier et al.). 

35 Cronin et al. Am. J. Path. 164(1): 35-42 (2004) describes measurement of gene 

expression in archival paraffin-embedded tissues. Ma et al. Cancer Cell 5:607-616 (2004) 
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describes gene profiling by gene oJiogonucleotide microarray using isolated RNA from tumor­

tissue sections taken from archived primary biopsies. 

Pertuzumab (also known as recombinant human monoclonal antibody 2C4; 

OMNIT ARGTM. Genentech, Inc, South San Francisco) represents the first in a new class of agents 

5 known as HER dimerization inhibitors (ROI) and functions to inhibit the ability ofHER2 to fonn 

active heterodimers with other HER receptors (such as EGFRlHERl, HER3 and HER4) and is 

active irrespective ofHER2 expression levels. See, for example, Harari and Varden Oncogene 

19:6102-14 (2000); Varden and Sliwkowski. Nat Rev Mol Cell Biol 2:127-37 (2001); Sliwkowski 

Nat Struct Biol 10:158-9 (2003); Cho et al. Nature 421:756-60 (2003); and Malik et al. Pro Am 

10 Soc Cancer Res 44:176~ 7 (2003). 

Pertuzumab blockade of the formaticm ofHER2-HER3 heterodimers in tumor cells has 

been demonstrated to inhibit critical cell signaling, which results in reduced tumor proliferation 

and survival (Agus et al. Cancer Cell 2:127-37 (2002)). 

Pertuzumab has undergone testing as a single agent in the clinic with a phase la trial in 

15 patients with advanced cancers and phase II trials in patients with ovarian cancer and breast 

cancer as well as lung an<I prostate cancer. In a Phase I study, patients with incurable, locally 

advanced, recurrent or metastatic solid tumors that had progressed during or after standard 

therapy were treated with pertuzumab given intravenously every 3 weeks. Pertuzumab was 

generally well tolerated. Tumor regression was achieved in 3 of20 patients evaluable for 

20 response. Two patients had confirmed partial responses. Stable disease lasting for more than 2.5 

months was observed in 6 of21 patients (Agus et al. Pro Am Soc Clin Oncol 22:192 (2003)). At 

doses of2.0-J5 mg/kg, tfie phannacokinetics ofpertuzumab was linear, and mean clearance 

ranged from 2.69 to 3.74 mUday/kg and the mean terminal elimination half-life ranged from 15.3 

to 27 .6 days. Antibodies to pertuzumab were not detected (Allison et al. Pro Am Soc Clin Oneal 

25 22:197 (2003)). 

Summary of the Invention 

The present invention provides the clinical data from human cancer patients treated with a 

HER dimerization inhibitor. pertuzumab. Patients were evaluated for expression levels of various 

30 serum biomarkers and the correlation between such expression levels and clinical benefit in 

response to treatment with trastuzumab was assessed. The clinical data indicated that patients 

with ovarian cancer who produce elevated levels of epidermal growth factor (EGF) or 

transforming growth factor alpha (TGF-alpba) showed survival benefits relative to patients with 

nonnal EGF or TGF-alpha levels, in response to pertuzumab treatment. Similar benefits are 

35 expected in another ongoing clinical trial, including patients with platinum-resistant ovarian 

cancer, primary peritoneal and faUopian tube cancer. 
6 
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Accordingly, in one aspect the invention concerns a method for el'ltending survival of a 

cancer patient comprising administering a HER dimcrization inhibitor to the patient in an amount 

which extends survival of the. patient, wherefn the patient is determined to produce an elevated 

level of epidermal growth factor (EGF) or transforming growth factor alpha (TGF-alpha), and the 

5 cancer is selected from the group consisting of" ovarian cancer, peritoneal cancer and fallopian 

rube cancer. 

In another aspect, the invention concerns a method for extending survival of a patient 

with ovarian, peritoneal, or fallopian tube cancer comprising administering pertuzumab to the 

patient in an amount which extends survival ofthe patent, wherein the patient is determined to 

l 0 produce an elevated level of epidermal growth factor (EGF) or transforming growth factor alpha 

(TGF-alpha). 

In a further aspect, the invention concerns a method for extending progression free 

survival (PFS) of a patient with ovarian,. peritoneal, or fallopian tube cancer comprising 

administering pe~;tumab to the patient in an amount which extends PFS in the patent. wherein 

l5 the patient' s serum is determined to have an elevated level of epidermal growth factor (EGF) 

therein. 

In a still further aspect. the invention concerns a method for extending progression free 

survival (PFS) of a patient with ovarian, peritoneal, or fallopian tube cancer comprising 

administering pertuzumab to the patient in an amount which extends PFS in the patent, wherein 

20 the patient's serum is determined to have an elevated level of epidermal growth factor (EGF) and 

transforming growth factor alpha (TGF~alpha) therein. 

In an additional aspect, the invention concerns a method of selecting a patient for 

treatment with a HER dimerization inhibitor, comprising treating the patient with the HER 

dimerization inhibitor if the patient is determined to produce an elevated level of epidermal 

25 growth factor (EGF) or transforming growth factor alpha (TGF-alpha). 

30 

For all aspects, in a particular embodiment, the patient is found to have an elevated level 

ofEGF in the serum of the patient. 

In another embodiment, the patient is found to have an elevated level ofTGF-alpha in 

serum of the patient. 

In another embodiment, the HER dimerization inhibitor is a HER2 dirnerization inhibitor. 

In yet another embodiment, the HER dimerization inhibitor inhibits HER 

heterodimerization. 

In a further embodiment, the HER dimerization inhibitor is a HER antibody, which may. 

for example, bind to a HER receptor selected from the group consisting ofEGFR. HER2, and 

35 HER3. 
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In a particular embodiment, the antibody binds to HER2, such as to Domain Il of HER2 

extracellular domain, or to a junction between domains I, II and III ofHER2 extracellular domain. 

ln a specific embodiment, the HER dimerization inhibitor.is pertuzumab. 

The cancer can, for example, be advanced, refractory or recurrent ovarian cancer, 

5 platinum resistant ovarian cancer, primary peritoneal or fallopian tube cancer 

The HER dimeriz.ation inhibitor may be administered as a single anti-tumor agent, or in 

combination with a second therapeutic agent to the patient. 

The second therapeutic agent may, for example, be a· chemotherapeutic agent, a HER 

antibody, antibody directed against a tumor associated antigen, an anti-honnonal compound, a· 

10 cardioprotectant, a cytokine, an EGFR-targeted drug, an anti-angiogenic agent, a tyrosine kinase 

inhibitor, a COX inhibitor, a non-steroidal anti-inflammatory drug. a farnesyl transferase 

inhibitor, an antibody that binds oncofetal protein CA 125. HER2 vaccine, a HER targeting 

therapy, a Raf or ras inhibitor, a liposomal doxorubicin, a topotecan, a taxane, a dual tyrosine 

kinase inhibitor, TLK.286, EMD-7200, a medicament that treats nausea, a medicament that 

15 prevents or treats skin rash or standard acne therapy, a medicament that treats or prevents 

diarrh~ a body temperature-reducing medicament, or a hematopoietic growth factor. 

fu a particular embodiment, the second therapeutic agent is a chemotherapeutic agent. 

such as an antimetabolite chemotherapeutic agent, e.g. gemcitabine, trastuzumab, erlotinib, or 

bevacizumab. 

20 TI1e clinical benefit is preferably measured in terms of survival, including overall survival 

(OS) and progression free survivaJ (PFS), preferably PFS. 

In another aspect, the invention concerns a kit comprising a HER dimerization inhibitor 

and a package insert or label indicating a clinical benefit for the HER dimerization inhibitor ifthe 

patient to be treated produces an elevated level of epidermal growth factor (EGF) or transfonning 

25 growth factor alpha (TGF-alpha), wherein the clinical benefit preferably is extended survival, in 

particular extended PFS. 

In a further aspect, the invention concerns a method of promoting a HER dimerizatio11 

inhibitor to treat patients producing an elevated level of epidermal growth factor (EGF) or 

transforming growth factor alpha (TGF-alpha), where the promotion can take any forms, 

30 including the form of a written material, such a package insert. 

Brief Descriution oftbe Drawings 

Figure 1 providtls a schematic of the HER2 protein structure, and amino acid sequences 

for Domains 1-IV (SEQ ID Nos. I 9-22. respectively) of the extracellular domain thereof. 

35 Figures 2A and 2B depict alignments of the amjno acid sequences of the variable light 

(VL) (Fig. 2A) and variable heavy (VH) (Fig. 2B) domains ofmurlne monoclonal antibody 2C4 
8 
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(SEQ ID Nos. 1 and 2, respectively); VL and VH domains of variant 574/pertuzumab (SEQ ID 

Nos. 3 and 4, respectively), and human VL and VH consensus frameworks (hum Kl, light kappa 

subgroup I; humffi, heavy subgroup Ill} (SEQ ID Nos. 5 and 6, respectively). Asterisks identify 

differences between· variable domains ofpertuzumab and murine monoclonal antibody 2C4 or 

5 between variable domains ofpertuzumab and the human framework. Complementarity 

Determining Regions (CDRs) are in brackets. 

Figures 3A and 3B show the amino acid sequences ofpertuzumab light chain {Fig. 3A; 

SEQ ID NO. 13) and heavy chain (Fig. 3B; SEQ ID No. 14). CDRs are shown in bold. 

Calculated molecular mass of the light chain and heavy chain are 23,526.22 Da and 49,216.56 Da 

10 (cysteines in reduced form). The carbohydrate moiety is attached to Asn 299 of the heavy chain. 

Figure 4 depicts, schematically, binding of2C4 at the heterodimeric binding site of 

I"'IBR2, thereby preventing heterodimerization with activated EGFR or HER3. 

Figure 5 depicts coupling ofHER2/HER3 to the MAPK and Akt pathways. 

Figure 6 compares various activities oftrastuzumab and pertuzumab. 

15 Figures 7 A and 7B show the amino acid sequences of trastuzumab light chain (Fig. 7 A; 

SEQ ID No. 15) and heavy chain (Fig. 7B; SEQ ID No. 16), respectively. 

Figures 8A and SB depict a variant pertuzumab light chain sequence (Fig. SA; SEQ ID 

No. 17) and a variant pertuzumab heavy chain sequence (Fig. SB; SEQ ID No. 18). respectively. 

Figure 9 depicts Speannan correlation between biomarkers HER2, TGF-alpba, 

20 amphiregulin, and EGF. 

Figure I 0 represents mean/correlation of markers with c linical covariates. 

Figure 11 shows cutoff determination using progression free survival (PFS) for HER2, 

TGF-alpha, amphiregulin, and EGF. 

Figure 12 shows cutoff determination using overall sucvival (OS) for HER2, TGF-aJpba, 

25 amphiregulin, and EGF. 

Figure 13 reflects distribution of patients according to cutoffs. 

Figure 14 depicts .KapLan Meir PFS and OS curves separated by 3 marker cutoff 

determined in the univariate analysis for the HER2 marker. 

Figure 1 S depicts KapLan Meir PFS and OS curves separated by 3 marker cutoff 

30 determined in the univariate analysis for the TGF-alpha marker. 

35 

Figure 16 depicts KapLan Meir PFS and OS curves separated by 3 marker cutoff 

determined in the univariate analysis for the EGF marker. 

Detailed Description of the P.-efe1·red Embodiments 

I. Der.oitions 

9 
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"SurvivaJ" refers to the patient remaining alive, and includes overall survival as well as 

progression free survival. 

"Overall survival" refers to the patient remaining alive for a defined period of time, such 

as 1 year, S years. etc from the time of diagnosis or treatment . 

.. Progressfon free survival" refers to the patient remaining alive, without the cancer 

progressing or getting worse. 

By .. extending survival" is meant increasing overall or progression free survival in a 

treated patient relative to an untreated patient (i.e. relative to a patient not treated with a HER 

dimerlzation inhibitor, such as pertuzumab), or relative to a patient who does not display HER 

10 activation, and/or relative to a patient treated with an approved anti-tumor agent (such as 

topotecan or liposomal doxorubicin, where the cancer is ovarian cancer). 

Herein "time to disease progression" or "TIP" refer to the time, generally measured in 

weeks or months, from the time of initial treatment (e.g. with a HER dimerization inhibitor, such 

as pcrtuzumab), until the cancer progresses or worsens. Such progression can be evaluated by the 

15 skilled clinician. In the case of ovarian cancer, for instance. progression can be evaluated by 

RECIST (see, for example, Therasse et al., J. Nat. Cancer Inst. 92(3): 205-216 {2000)). 

By '°extending TTP"' is meant increasing the time to disease progression in a treated 

patient relative to an untreated patient (i.e. relative to a patient not treated with a HER 

dimerization inhibitor, such as pertuzumab), or relative to a patient who does not dispJay HER 

20 activation, and/or relative to a patient treated with an approved anti-tumor agent (such as 

topotecan or liposomal doxorubicin, where the cancer is ovarian cancer). 

An '"objective response" rerers to a measurable response, including complete response 

(CR) or partial response (PR). 

By "complete response" or "CR" is intended the disappearance of all signs of cancer in 

25 response to treatment. This does not always mean the cancer has been cured. 

"Partial response" or "PR" refers to a decrease in the size of one or more tumors or 

lesions, or in the extent of cancer in the body, in response to treatment. 

A "HER receptor" is a receptor protein tyrosine kinase which belongs to the HER 

receptor family and includes EGFR, HER2, HER3 and HER4 receptors. The HER receptor will 

30 generally comprise an extracellular domain, which may bind an HER ligand and/or dimerize with 

another HER receptor molecule; a lipophiJic transmembrane domain; a conserved intracellular 

tyrosine kina~e domain; and a carboxyl-tenninal signaling domain harboring several tyrosine 

residues which can be phosphorylated. The HER receptor may be a "native sequence" HER 

receptor or an "amino acid sequence variant" thereof. Preferably the HER receptor is native 

35 sequence human HER receptor. 

JO 
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The terms "ErbBl," "HERl ","epidermal growth factor receptor" and "EGFR" are used 

interchangeably herein and Tefer to EGFR as disclosed. for example, in Carpenter et al. Ann. Rev. 

Biochem. 56:881-914 (I 987). including naturally occurring mutant forms thereof (e.g. a deletion 

mutant EOFR as in Humphrey et al. PNAS (USA) 87:4207-4211 (1990)). erbBl Tefers to the gene 

5 encoding the EGFR protein product. 

The expressions "ErbB2" and "HER2" are used interchangeably herein and refer to 

human HER2 ·protein described. for example, in Semba et al_, PNAS (USA) 82:6497-6501 (1985) 

and Yamamoto et al. Nature 319:230-234 (1986) (Genebank accession number X03363). The 

tenn "erbB2" rerers to the gene encoding human ErbB2 and "neu@ refers to the gene encoding rat 

10 p185.u". Preferred HER2 is native sequence human HER2. 

Herein, ••HER2 extracellular domain" or "HER2 ECD" refers to·a domain of.HER2 that is 

outside of"a cell, either anchored to a ceJI membrane, or in circulation, including fragments 

thereof. In one embodiment, the extracellular domain ofHER2 may comprise four domains: 

"Domain I" (amino acid residues from about l-195; SEQ ID NO:l9). "Domain Il" (amino acid 

15 residues from about 196-319; SEQ ID N0:20), «Domain Ill" (amino acid residues fr~m about 

320-488: SEQ ID N0:21), WJd °'Domain IV" (amino acid residues from about 489-630; SEQ ID 

N0:22) (residue numbering without signal peptide). See Garrett et al. Mol. Cell .. 11: 495-505 

(2003), Cho et al. Nahue 421: 756-760 (2003), Franklin et al. Cancer Cell 5:317-328 (2004). and 

Plowman el al. Proc. Natl. Acad. Sci. 90:1746-1750 (1993), as well as Fig. l herein. 

20 •'ErbB3" and "HER3" refer to the receptor polypeptide as disclosed, for example.. in US 

Pat. Nos. 5, I 83,884 and 5,480,961! as well as Kraus et al PNAS (USA) 86:9193-9197 (1989). 

The terms "ErbB4" and "HER4" herein ref"er to the receptor polypeptide as disclosed, for 

example. in EP Pat Appln No 599,274; Plowman et al .. Proc. Natl. Acad. Sci. USA. 90:1746-1750 

(1993); and Plowman et al., Nature, 366:473-475 (1993), including isoforms thereof, e.g., as 

25 disclosed in W099/19488, published April 22, 1999. 

By .. HER ligand" is meant a polypeptide which binds to and/or activates a HER receptor. 

The HER ligand of"particular interest herein is a native sequence human HER ligand such as 

epidennal growth factor (EGF) (Savage et al .• J. Biol. Chem. 247:76 J 2-7621 (1972}); 

transforming growth factor alpha (TGF-a) (Marquardt et al., Science 223:1079-1082 (1984)); 

30 amphiregulin also known as schwanoma or keratinocyte autocrine growth factor (Shoyab et al. 

Science 243: 1074-1076 (!989); Kimura et al. Nature 348:257-260 (1990); and Cook et al. Mo/. 

Cell. Biol. l I :2547-2557 (1991)); betacellulin (Shing et al., Science 259:1604-1607 (1993); and 

Sasada el al. Biochem. Biophys. Res. Commun. 190: 1173 (1993)); heparin-binding epidermal 

growth factor (HB-EGF) (Higashiyama et al., Science 251 :936-939 (1991)); epiregulin (Toyoda 

35 et al., J. Biol. Chem. 270:7495-7500 (1995); and Komurasaki et al. Oncogene 15:2841-2848 

(1997)); a heregulin (see below); neuregulin-2 (NRG-2) (Carraway et al., Nature 387:S1 2-516 
11 
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{1997)); neuregulin-3 (NRG-3) (Zhang et al., Proc. Natl. Acad. Sci. 94:9562-9567 (1997)); 

neuregolin-4 (NRG-4) (Harari et al. Oncogene 18:2681-89 (1999)); and cripto (CR-1) (Kannan et 

al. J. Biol. Ch~m. 272(6):3330-3335 (1997)). HER ligands which bind EGFR include EGF, TGF­

a, amphiregulin. betacellulin, HB-EGF and epiregulin. HER ligands which bind HER3 include 

5 beregulins. HER ligands capable of binding HBR4 include betacelluHn, epiregulin, HB-EGF, 

NRG-2, NRG-3, NRG-4, and heregulins. 

"Heregulin" (HRG) when used herein refers to a polypeptide encoded by the heregu1in 

gene product as d1sGlosed in U.S. Patent No. 5,641,869, or Marchionni et al., Nature, 362:312· 

318 (1993). Examples ofheregulins include heregulin-a., heregulin-fH . beregulin-J32 and 

10 hercguJin-'33 (Holmes et al., Science, 256:1205-1210 (1992); and U .S . Patent No. 5,641,869); neu 

differentiation factor (NDF) (Peles et al. Cell 69: 205-216 (1992)); acetylcholine receptor­

inducing activity (ARIA) (Falls et al. Cell 72:801-81 S (1993)); glial growth factors (GGFs) 

(Marchionni et al., Nature, 362:312-318 {1993)); sensory and motor neuron derived factor 

(SMDF) (Ho et al. J. Biol. Chem. 270:14523-14532 (1995)); y-heregulin (Schaefer et al. 

15 Oncogene 15:1385-1394 (1997)). 

A "HER dimer" herein is a noncovalently associated dimer comprising at least two HER 

receptors. Such complexes may form when a cell expressing two or more HER receptors is 

exposed to an HER ligand and can be isolated by immunoprecipitation and analyzed by SDS­

PAGE as described in Sliwkowski et al., J. Biol. Chem., 269(20):14661-14665 {1994), for 

20 example. Other proteins, such as a cytokine receptor subunit (e.g. gp 130) may be associated with 

the dimer. Preferably, the HER dimer comprises HER2. 

25 

A "HER heterodimer" herein is a noncovalcntly associated heterodimer comprising at 

least two different HER receptors, such as EGFR-HER2, HER2-HER3 or HER2-HER4 

heterodimers. 

A "HER inhibitor" is an agent which interteres with HER activation or function. 

Examples of HER inhibitors include HER antibodies (e.g. EGFR, HER2, HER3, or HER4 

antibodies); EGFR-targeted drugs; small molecule HER antagonists; HER tyrosine kinase 

inhibitors; HER2 and EGFR dual tyrosine kinase inhibitors such as lapatinib/GW5720 l 6; 

antisense molecules (see, for example, W02004/87207); and/or agents that bind to, or interfere 

30 with function of, downstrea~ signaling molecules, such as MAPK or Akt (see Fig. 5). Preferably, 

d1e HER inhibitor is an antibody or small molecule which binds to a HER receptor. 

A "HER dimerization inhibitor" is an agent which inhibits formation of a HER dimer or 

HER heterodimer. Preferably, the HER dimerization inhibitor is an antibody, for example an 

antibody which binds to HER2 at the heterodimeric binding site thereof: The most preferred HER 

35 dimerization inhibitor herein is pertuzumab or MAb 2C4. Binding of2C4 to the heterod!merlc 

binding site ofHER2 is illustrated in Fig. 4 . Other examples of HER dirnerization inhibitors 

12 
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include antibodies which bind to EGFR and inhibit dimerization thereof with one or more other 

HER receptors (for example EGFR monoclonal antibody 806, MAb 806, which binds to activated 

or "untethered" EGFR; see Johns et al.. J. Biol. Chem. 279(29):30375-30384 (2004)); antibodies 

which bind to HER3 and inhibit dimerization thereofwjth one or more other HER receptors; 

5 antibodies which bind to HER4 and inhibit dirnerization thereof with one or more other HER 

receptors; peptide dimerization inhibitors (US Patent No. 6,417, 168); antisense dimerization 

inhibitors; etc. 

A "HER2 dimerization inhibitor" is an agent that inhibits formation of a dimer or 

heterodimer comprising HER2. 

l O A "HER antibody" is an antibody that binds to a HER receptor. Optionally, the HER 

15 

antibody further interferes with HER activation or function. Preferably, the HER antibody binds 

to the HER2 receptor. A HER2 antibody of particular interest herein is pertuzumab. Another 

example ofa HER2 antibody is trastuzuroab. Examples of EGFR antibodies include cettaximab 

and ABX0303. 

"HER activation" refers to activation, or phosphorylation. of any one or more HER 

receptors. Generally, HER activation results in signal transduction (e.g. that caused by an 

intracellular kinase domain of a HER receptor phosphorylating tyrosine residues in the HER 

receptor or a substrate polypeptide). HER activation may be mediated by HER ligand binding to 

a HER dimer comprising the HER receptor ~f interest. HER ligand binding to a HER dimer may 

20 activate a kinase domain of one or more of the HER receptors in the dimer and thereby results in 

phosphorylation of tyrosine: residues in one or more of the HER receptors and/or phosphorylation 

of tyrosine residues in additional substrate polypeptides(s). such as Akt or MAPK intracellular 

kinases, see, Fig. 5, for example. 

"Phosphorylation" refeTS to the addition of ot~e or more phosphate group(s) to a protein, 

25 such as a HER recepto.r, o r substrate thereof. 

An antibody which " inhibits HER dimerization" is an antibody which inhibits, or 

interferes with, formation of a HER dimer. Preferably, such an antibody binds to HER2 at the 

beterodimeric binding site thereof. The most preferred dimerization inhibiting antibody herein is 

pertuzumab or M Ab 2C4. Binding of2C4 to the heterodimeric binding site ofHER2 is illustrated 

30 in Fig. 4. Other examples of antibodies which inhibit HER dimerization include antibodies which 

bind to EGFR and inhibit dimerization thereof with one or more other HER receptors (for 

example EGFR monoclonal antibody 806, MAb 806, which binds to activated or Auntethered@ 

EGFR.; see Johns er al.. J. Biol. Chem. 279(29):30375-30384 (2004)); antibodies which bind to 

HER3 end inhibit dimeri.zation thereof with one or more other HER receptors; and antibodies 

35 which bind to HER4 and inhibit dimerization th"ereof with one or more other. HER receptors. 
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An antibody which "blocks ligand activation of a HER receptor more effectively than 

trastuzumab .. is one which reduces or eliminates HER ligand activation of HER receptor(s) or 

HER dimer(s) more effectively (for example at least about 2-fold more effectively) than 

trastuzumab. Preferably, such an antibody blocks HER ligand activation of a HER receptor at 

5 least about as effectively as murine monoclonal antibody 2C4 or a Fab fragment thereof, or as 

pertu.zumab or a Fab fragment thereof One can evaluate the ability of an antioody to block 

ligand activation of a HER receptor by studying HER dimers directly, or by evaluating HER 

activation, or downstream signaling, which results from HER dimerization, and/or by evaluating 

the antibody-HER2 binding site, etc. Assays for screening for antibodies with the ability to 

10 inhibit ligand activation of a HER receptor more effectively than tr.i.slllZumab are described in 

Agus et al. Cancer Cell 2: 127-137 (2002) and US Patent No. 6,949,245 (Adams et al.). By way 

of example only, one may assay for: inhibition of HER dimer formation (see, e.g., Fig. lA-B of 

Agus et al. Cancer Cell 2: 127-137 (2002); and US Patent No. 6,949,245); reductjon in HER 

ligand activation of cells which express HER dimers (US Patent No. 6,949,245 and Fig. 2A-B of 

15 Agus et al. Cancer Cell 2: 127-137 (2002), for example); blocking of HER ligand binding t:o cells 

which express HER djmers (US Patent No. 6,949,245, and Fig. 2£ of Agus et al. Cancer Cell 2: 

127-137 (2002), for example); cell growth inhibition of cancer cells (e.g. MCF7, MDA-MD-134, 

ZR-75-1 , MD-MB-175, T47D cells) which express HER dimers in the presence (or absence) of 

HER ligand (US Patent No. 6,949,245and Figs. JA-D of Agus et al. Cancer Cell 2: 127-137 

20 (2002), for instance); inhibition of downstream signaling (for instance, inhibition of HRG­

dependent AKT phosphorylation or inhibition ofHRG- or TGFa- dependent MAPK 

phosphorylation) (sc:e, US Patent No. 6,949,245, and Fig. 2C-D of Agus et al. Cancer Cell 2: 127-

137 (2002), for example). One may also assess whether the antibody inhibits HER dimerization 

by studying the antibody·AER.2 binding site, for instance, by evaluating a structure or model, 

25 such as a crystal structure, of the antibody bound to HERZ (See, for example, Franklin et al. 

Cancer Cell 5:317-328 (2004)). 

A "heterodimeric binding site" on HER2, refors to a region in the extracellular domain of 

.HER2 that contacts, or interfaces with, a region in the extracellular domain ofEGFR. HER3 or 

HER4 upon formation of a dimer therewith. The region is found in Domain JI of HER2. Franklin 

30 et al. Cancer Cell 5:317-328 (2004). 

The HER2 antibody may "inhibit HRG-dependent AK.T phosphorylation" and/or inhibit 

"HRG- or TGFa-dependent MAPK phosphorylation" more effectively (for instance at least 2-fold 

more effectively) than trastuzumab (see Agus et al. Cancer Cell 2: 127-137 (2002) and US Patent 

No. 6,949,245, by way of exrunple). 
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The HER2 antibody may be one which, like pertuzumab, does "not inhibit HER2 

ectodomain cleavage" (Molina et al. Cancer Res. 61:4744-4749(2001 )). Trastuzumab, on the 

other hand, can inhibit HER2 ectodomain cleavage. 

A HER2 antibody that "binds to a heterodimeric binding site" ofHER2, binds to residues 

5 in domain 11 (and optionally also binds to residues in other of the domains of the HER2 

extracel~u]ar domain, such as domains I and III), and can sterically hinder, at least to some extent, 

formation of a HER2-EGFR, HER2-HER3, or HER2-HER4 heterodimer. Franklin et al. Cancer 

Cell 5:317-328 (2004) characterize the HER2-pertuzumab crystal stTUcturc, deposited with the 

RCSB Protein Data Bank (ID Code lS78). illustrating an exemplary antibody that binds to the 

10 heterodimeric binding site ofHER2. 

An antibody that "binds to domain II" of HER2 binds to residues in domain II and 

optionally residues in other domain(s) of HER2, such as domains I and m. Preferably the 

antibody that binds to domain II binds to the junction between domains I, II and III ofHER2. 

Protein "expression" refers to conversion of the information encoded in a gene into 

15 messenger RNA (mRNA) and then to the protein. 

Herein, a sample or cell that "expresses" a protein of' interest (such as a HER receptor or 

HER ligand) is one in which mRNA encoding the protein, or the protein, including fragments 

thereof, is determined to be present in the sample or cell. 

The technique of"potymerase chain reaction" or "PCR" as used herein generally refers to 

20 a procedure wherein minute amounts ofa specific piece of nucleic acid, RNA and/or DNA, are 

amplified as described in U.S. Pat. No. 4,683,195 issued 28 July 1987. Generally, sequence 

information from the ends of the region of interest or beyond needs to be available. such that 

oligonucleotide primers can be designed; these primers will be identical or similar in sequence to 

opposite strands of the template to be amplified. The 5' terminal nucleotides of the two primers 

25 may coincide with the ends of the amplified material. PCR can be used to amplify specific RNA 

sequences, specific DNA sequences from total genomic DNA, and <:DNA transcribed from total 

cellular RNA, bacteriophage or plasmid sequences, etc. See generally Mullis et al., Cold Spring 

Harbor Symp. Quant. Bfol .• 51: 263 (1987); Erlich, ed., PCR Technology, (Stockton Press, NY. 

1989). As used herein. PCR is considered to be one, but not the only, example of a nucleic acid 

30 polymerase reaction method for amplifying a nucleic acid test sample, comprising the use of a 

known nucleic acid (DNA or RNA) as a primer and utilizes a nucleic acid polymerase to amplify 

or generate a specific piece of nucleic acid or to amplify or generate a specific piece of nucleic 

acid which is complementary to a particular nucleic acid . 

.. Quantitative real time polymerase chain reaction" or "qRT-PCR" refers to a form of 

35 PCR wherein the amount of PCR product is measured at each step in a PCR reaction. This 
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technique has been described in various publications including Cronin et al., Am. J. Pathol. 

164(1):35-42 (2004); and Ma et al., Cancer Cell 5:601-616 (2004). 

The term "microarray" refers to an ordered arrangement ofhybridizable array elements, 

preferably po lynucleotide probes, on a sub:;tre1.te. 

S The tenn "polynucleotide," when used in singular or plural, generally refers to any 

polyribonucleotide or polydeoxribonucleotide, which may be unmodified RN A or DNA or 

modified RNA or DNA. Thus, for instance, polynucleotides as defined herein include, without 

limitation, single- and double-stranded DNA, DNA including single- and double-stranded 

regions, single- and double-stranded RNA, and RNA including single- and double-stranded 

I 0 regions, hybrid molecules comprising DNA and RNA that may be single-stranded or, more 

typically, double-stranded or include single- and double-stranded regions. In addition, the term 

"polynucleoti:de" as used herein refers to triple- stranded regions comprising RNA or DNA or 

both RNA and DNA. The strands in such regions may be from the same molecule or from 

different molecules. The regions may include all of one or more of the molecules, but more 

15 typically involve only a region of some of the molecules. One ofthe molecules ofa triple-helical 

region often is an oligonucleotidc. The term "polynuclcotide" specifically includes cDNAs. The 

tenn includes DNAs (including cDNAs) and RNAs that contain one or more modified bases. 

Thus, DNAs <>r RN As with backbones modified for stability or for other reasons are 

"poJynucleotides" as that term is intended herein. Moreover, DNAs or .RNAs comprising unusual 

20 bases, such as inosine, or modified bases, such as tritiated bases, are included within the term 

"polynucleotides" as defined herein. In general, the term "polynueleotide" embraces all 

chemically, eozymatically and/or metabolically modified forms of unmodified polynucleotides, as 

well as the chemical forms of DNA and RNA characteristic of viruses and cells, including simple 

and complex cells. 

25 The term "oligonuc!eotide" refers to a ~latcveJy short polynucleotide, including, without 

limitation, single-stranded dt:0x.yribonucleotides, single- or double-stranded ribonucleotides, 

RNA:DNA hybrids and double- stranded DNAs. Oligonucleotides, such as single- stranded DNA 

probe oligonucleotides, are often synthesi:ted by chemical methods, for example using automated 

oligonucleotide synthesizers that are commercially available. However, oligonucleotides can be 

30 made by a variety of other methods, including in vitro recombinant DNA-mediated techniques 

and by expression ofDNAs in cells and organisms. 

Thi;: phrase "gene amplification" refers to a process by which multiple copies of a gene or 

gene fragment are formed in a particular cell or cell line. The duplicated region (a stretch of 

amplified DNA) is often referred to as "amplicon." Usually, the amount of the messenger RNA 

35 (mRNA) produced also increases in the proportion of the number of copies made of the particular 

gene expressed. 
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"Stringency" of hybridization reactions is readily determinable by one of ordinary skill in 

the art, and generally is an empirical calculation dependent upon probe length, washing 

temperature, and salt concentration. In general, longer probes require higher temperatures for 

proper annealing, while shorter probes need lower temperatures. Hybridization generally depends 

5 on the ability of denatured DNA to reannea1 when complementary strands are present in an 

environment below their melting temperature. The higher the degree of desired homology 

between the probe and hybridizable sequence, the higher the relative temperature which can b~ 

used. As a result, it follows that higher relative temperatures would tend to make the reaction 

conditions inore stringent, while lower temperatures less so. For additional details and explanation 

l 0 of stringency of hybridization reactions. see Ausubel et al., Current Protocnls in Molecular 

Biology, Wiley Interscience Publishers, (1995). 

"Stringent conditions" or "high stringency conditions", as defined herein, typically: (1) 

employ low ionic strength and high temperature for washing, for example 0.015 M sodium 

chloride/0.0015 M sodium citrate/0.1 % sodium dodecyl sulfate at S0°C.; (2) employ during 

15 hybridization a denaturing agent, such as formamide, for example, 50% (v/v) fonnamide with 

0.1 % bovine serum albumin/0.1 % FicoJl/0. 1 % polyvinylpytrolidone/50 mM sodium phosphate 

buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodium citrate at 42°C.; or (3) employ 

50% fonnamide, SxSSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 

6.8), 0. l % sodium pyrophosphate, 5 x Denhardt's solution, sonicated salmon spenn DNA (SO 

20 &gr;glml), 0 .. 1 % SDS, and l 0% dextran sulfate at 42°C., with washes at 42°C. in o.2xssc 
(sodium chloTidelsodium citrate) and 50% fonnamide at 55°C., followed by a high- stringency 

wash consisting of 0.1 xssc containing EDTA at 55°C. 

"Moderately stringent conditions" may be identified as described by Sambrook et al., 

Molecular Cloning: A Laboratory Manual, New York; Cold Spring Harbor Press, 1989, and 

25 include the use of washing solution and hybridization conditions (e.g .• temperature, ionic strength 

and % SDS) less stringent that those described above. An example of moderately stringent 

conditions is overnight incubation at 37°C. in a solution comprising: 20% formamide, 5><SSC 

(ISO mM NaCl, 15 mM trisodium citrate), 50 mM sodium phosphate (pH 7.6)~ Sx Dcnhardt's 

solution, 1 Oo/o dextran sulfate, and 20 mg/ml denatured sheared salmon spenn DNA, followed by 

30 washing the filters in 1 xssc at about 37-S0°C. The skilled artisan will recognize how to adjust 

the temperature, ionic strength, etc. as necessary to accommodate factors such as probe length and 

the like. 

A "native sequence" polypeptide is one which has the same amino acid sequence as a 

polypeptide (e.g., HER receptor or HER ligand) derived from nature, including naturally 

35 occurring or allelic variants. Such native sequence polypeptides can be isolated from nature or 

can be produced by recombinant or synthetic means. Thus, a native sequence polypeptide can 
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have the amino acid sequence of naturally occurring human polypeptide, murine polypeptide, or 

polypeptide from any other mammalian species. 

The term "antibody'' herein is used in the broadest sense and specifically covers 

monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies), 

5 and antibody fragments, so long as they exhibit the desired biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody from a population of 

substantially homogeneous antibodies, i.e., the individual antibodies comprising the population 

are identical and/or bind the same epitope(s), except for possible variants that may arise during 

production of the monoclonal antibody, such variants generally being present in minor amounts. 

10 Such monoclonal antibody typically includes an antibody oomprising a polypeptide sequence that 

binds a target, wherein the target-binding polypeptide sequence was obtained by a process that 

includes the selection of a single target binding polypeptide sequence from a plurality of 

polypeptide sequences. For example, the selection process can be the selection of a unique clone 

from a plurality of clones, such as a pool ofhybridoma clones, phage clones or recombinant DNA 

15 clones. It should be understood that the selected target binding sequence can be further altered, for 

example, to improve affinity fur the target, to humanize the target binding sequence, to improve 

its production in cell culture, to reduce its immunogenicity in vivo, to create a mu1tispecific 

antibody, etc., and that an antibody comprising the altered target binding sequence is also a 

monoclonal antibody o1this invention. Jn contrast to polyclonal antibody preparations which 

20 typically include different antibodies directed against different determinants (epitopes), each 

monoclonal antibody of a monoclonal antibody preparation is directed against a single 

dete"?1;nant on an antigen. In addition to their specificity, the monoclonal antibody preparations 

are advantageous in that they are typically uncontaminated by other immunoglobulins. The 

modifier "monoclonal" indicates the character of the antibody as being obtained from a 

25 substantially homogeneous population of antibodies, and is not to be oonstrued as requiring 

production of the antibody by any particular method. For example. the monoclonal antibodies to 

be used in accordance with the present invention may be made by a variety of techniques, 

including, for example, the hybridoma method (e.g .. Kohler et al .. Nature, 256:495 (1975); 

Harlow et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 

30 1988); Hammerling et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-681, (Elsevier, 

N.Y., l 981)), recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567), phage display 

technologies (see, e.g., Clackson et al., Nature, 352:624-628 {1991); Marks el al., J. Mo/. Biol., 

222:581-597 (1991); Sidhu et al., J Mol. Biol. 338(2):299-310 (2004); Lee et al., 

JMol.Biol.340(5):1073-1093 (2004); Fellouse. Proc. Nat. Acad Sci. USA 101(34):12467-12472 

35 (2004); and Lee et al. J lmmunol. Methods 284(1-2):119-132 (2004), and technologies for 

producing human or human-like antibodies in animals that have parts or all of the human 
18 
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immunoglobulin loci or genes encoding human immunoglobulin sequences (sec, e.g., WO 

1998/24893; WO 1996'340%; WO 1996/33735; WO 1991/10741; Jakobovits et al., Proc. Natl. 

Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature, 362:255-258 (1993); Bruggemann et 

al., Year in Jmmuno., 7:33 (1993); U.S. Patent Nos. 5,545,806; 5,569,825; 5,591,669 (all of 

5 GenPharm); U.S. Patent No. 5,545,807; WO 1997/17852; U.S. Patent Nos. 5,545,807; 5,545,806; 

5,569,825; 5,625,126; 5,633,425; and 5,661,016; Marks eta!., Bio/Technology, IO: 779-783 

(1992); Lonberg et al .. Nature, 368: 856-859 (1994); Morrison, Nature, 368: 812-813 (1994); 

Fish wild et al., Nature Biotechnology, 14: 845-851 (1996); Neuberger, Nature Biotechnology, 14: 

826 (1996); and Lonberg and Huszar, Intern. Rev. Jmmunol." 13: 65-93 (1995)). 

IO The monoclonal antibodies herein specificaJly include "chimeric" antibodies in which a 

portion of the heavy and/or light chain is identical with or homologous to corresponding 

sequences in antibodies derived from a particular species or belonging to a particular antibody 

class or subcl.ass, while the remainder of the chain(s) is JdenticaJ with or homologous to 

corresponding sequences in antibodies derived from another species or belonging to another 

15 antibody class or subclass, as well as fragments of such antibodies. so long as they exhibit the 

desired biological activity (U.S. Patent No. 4,816,567; and Morrison et al., Proc. Nati. Acad. Sci. 

USA, 81 :685 t-6855 (1984) ). Chimeric antibodies of interest herein include Aprimatized@ 

antibodies comprising variable domain antigen-binding sequences derived from a non-human 

primate (e.g. Old World Monkey, Ape etc) and human constant region sequences, as well as 

20 "humanized" antibodies. 

"Humanized" forms ofnon~human (e.g., rodent) antibodies are chimeric antibodies that 

contain minimal sequence derived from non-human immunoglobuJin. For the most part, 

humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a 

hypervariable region of the recipient are replaced by residues from a hypervariable region ofa 

25 non-human species (donor antibody) such as mouse; rat, rabbit or nonhuman primate having the 

desired specificity, affinity. and capacity. In some instances, framework region (FR) residues of 

the human immunoglobulin are replaced by corresponding non-human residues. Furthermore, 

humanized 1:1ntibodies may comprise· residues that are not found in the recipient antibody or in the 
. ' 

donor antibody. These modifications are made to further refine antibody perfonnance. In 

30 general, the humanized antibody will comprise substantially all of at least one, and typically two, 

variable domains, in which all or substantially all of the hypervariable loops correspond to those 

of a non-human immunoglobulin and all or substantially all of the FRs ·are those of a human 

immunoglobulin sequence. The humanized antibody optionally also will comprise at least a 

portion of an immunoglobulin constant region (Fe), typically that ofa lmman immunoglobulin. 

35 For forther details, see Jones et al. , Nature 321 :522-525 (1986); Riechmann et al., Nature 

332:323-349 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). 
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Humanized HER2 antibodies include huMAb4DS-l, huMAb4D5-2, huMAb4D5-3, 

huMAb4D5-4, huMAb4D5-5, huMAb4D5-6, huMAb4D5-7 and huMAb4DS-8 or trastuzumab 

(HERCEPTrN®) as described in Table 3 of U.S. Patent 5,821,337 expressly incorporated herein 

by reference; humanized 520C9 (W093/21319); and humanized 2C4 antibodies such as 

5 pertuzumab as described herein. 

For the purposes herein, "trastuzumab," "HERCEPTIN®," and "huMAb4D5-8" refer to 

an antibody comprising the light and heavy chain amino acid sequences in SEQ JD NOS. 15 and 

16, respectively. 

Herein, "pertuzumab" and "OMNITARG™" refer to an antibody comprising the light and 

10 heavy chain amino acid sequences in SEQ ID NOS. 13 and 14, respectively. 

Differences between trastuzumab and pertuzumab functions ace illustrated in Fig. 6. 

An "intact antibody" herein is one which comprises two antigen binding regions. and an 

.Fe region. Preferably, the intact antibody has· a :functional Fe region. 

"Antibody fragments" comprise a portion of an intact antibody, preferably comprising the 

I 5 antigen binding region thereof. Examples of antibody fragments include Fab, Fab'. F(ab')i, and 

Fv fragments; diabodies; linear antibodies; single-chain antibody molecules; and multispecific 

antibodies formed from antibody fragment(s). 

"Native antibodies" arc usuaJiy heterotetrameric glycoproteins of about 150,000 daltons, 

composed of two identical light (L) chains and two identical heavy (H) chains. Ea.ch light chain is 

20 linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages 

varies among the heavy chains of different immunoglobulin isotypes. Each heavy and light chain 

also has regularly spaced intrachain disuJfide bridges. Each heavy chain has at one end a variable 

domain (V H) fullowed by a number of constant domains. Each light chain has a variable domain 

at one end (VL) and a constant domain at its other end. The constant domain of the light chain is 

25 aligned with the first constant domain orthe heavy chain, and the light-chain variable domain is 

aligned with the variable domain of the heavy chain. Particular amino acid residues are believed 

to form an interface bi!tween the light chain and heavy chain variable domains. 

The term nvariable" refers to the fact that certain portions of the variable domains differ 

extensively in sequence among antibodies and are used in the binding and specificity of each 

30 particular antibody for its particular antigen. However, the variability is not evenly distributed 

throughout the;: variable domains of antibodies. It is concentrated in three segments called 

hypervariable regions both in the light chain and the heavy chain variable domains. The more 

highly conserved portions of variable domains are called the framework regions (FRs). The 

variable domains of native heavy and light chains each comprise four FRs, largely adopting a '3-
35 sheet configuration, connected by three hypervariable regions, which form loops connecting, and 

in some cases forming part of, the f3-sheet structure. The hYPervariable regions in each chain are 
20 
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held together in close proximity by the FRs and, with the hypervariable regions from the other 

chain, contribute to the format.ion of' the antigen-binding site of antibodies (see Kabat et aL, 

Sequences of Proteins of/mmimological Interest, 5th Ed. PubHc Health Service, National 

Institutes of Health, Bethesda, MD. (1991)). The constant domains are not involved directly in 

5 binding an antibody to an antigen, but exhibit various effector functions, such as participation of 

the antibody in antibody dependent cellular cytotoxicity (ADCC). 

The term "hypcrvariablc region" when used herein refers to the amino acid residues of an 

antibody which are responsible for antigen-binding. The hypervariable region generally 

comprises amino acid residues from a "complementarity determining region" or "CDR" (e.g. 

10 residues 24-34 (LI), 50-56 (L2) and 89-97 (L3) in the Jight chain variable domain and 31~35 

(HI), 50-65 (H2) and 95-102 (H3) in the heavy chain variable domain; Kabat et al. , Sequences of 
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, 

Bethesda, MD. (1991)) and/or those residues from a "hypervariabJe Joop" (e.g. residues 26-32 

(Ll), 50-52 (L2) and 91-96 (L3) in the light chain variable domain and 26-32 (HI), 53-55 (H2) 

15 and 96-101 (H3) in the heavy chain variable domain; Chothia and LcskJ. Mo/. Biol. 196:901-917 

(1987)). "Framework Region" or "FR" residues are those variable domain residues other than the 

bypervariable region residues as herein defined. 

Papain digestion of antibodies produces two identical antigen-binding fragments, called 

"Fab" fragments, each with a single antigen-binding site, and a residual "Fe" fragment, whose 

20 name reflects its ability to crystallize readily. Pepsin treatment yields an F(ab')2 fragment that has 

two antigen~binding sites and is still capable of cross-linking antigen. 

' 'Fv" is the minimum antibody fragment which contains a complete antigen-recognition 

and antigen-binding site. This region consists of a dimer of one heavy chain and one light chain 

variable domain in tight, non-covalent association. It is in this configuration that the three 

25 hypcrvariable regions of each variable domain interact to define an antigen-binding site on the 

surface of the Ytt-VL dimer. Collectively, the six hypervariable regions conf'er antigen-binding 

specificity to the antibody. However, even a single variable domain (or half of an Fv comprising 

only three hypervariable regions specific for an antigen) has the ability to recognize and bind 

antigen, although at a lower affinity than the entire binding site. 

30 The Fab fragment also contai11s the constant 4omain of the light chain and the first 
l 

constant domain (CHI) of the heavy chain. Fab .. fragments differ from Fab fragments by the 

addition of a few residues at the carboxy terminus of the heavy chain CHI ~omain including one 

or more cysteines from the antibody hinge region. Fab'-SH is the designation herein for Fab' in 

which the cysteine residue{s) of the constant domains bear at least one free thiol group. F(ab')z 

35 antibody fragments originally were produced as pairs ofFab' fragments which have hinge 

cysteines between them. Othe.r chemical couplings of antibody fragments are also known. 
21 
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The "light chains" of antibodies from any vertebrate species can be assigned to one of two 

clearly distinct types, called kappa (K) and lambda (A.), based on the amino acid sequences ofthe\r 

constant domains. 

The term "Fe region" herein is used to define a C-terminal region of an immunoglobulin 

S heavy chain, including native sequence Fe regions and variant Fe regions. Although the 

boundaries of the Fe region of an immunoglobulin heavy chain rnigh.t vary. the numan IgG heavy 

chain Fe region is usually defined to stretch from an amino acid residue at position Cys226, or 

from Pro230, to the carboxyl-terminus thereof. The C-tenninal lysine (residue 447 according to 

the EU numbering system) of the Fe region may be removed, for e>eample, during production or 

10 purification of the antibody, or by recombinantly engineering the nucleic acid encoding a heavy 

chain of the antibody. Accordingly, a composition ofintact antibodies may comprise antibody 

populations with all K447 residues removed, antibody populations with no K447 residues 

removed, and antibody populations having a mixture of antibodies with and without the K447 

residue. 

15 Unless indicated otherwise, herein the numbering of the residues in an immunoglobulin 

heavy chain is that of tho EU index as in Kabat et al., Sequences of Proteins of Immunological 

interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD (1991), 

expressly incorporated herein by reference. "The "EU index as in Kabat'' refers to the residue 

numbering of the human IgGl EU antibody. 

20 A "functional F c region" possesses an "effector function" of a native sequence Fe region. 

Exemplary «effector functions" include Clq binding; complement dependent cytotoxicity; Fe 

receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down 

regulation of cell surface receptors (e.g. B cell receptor; BCR). etc. Such effector functions 

generally require the Fe region to be combined with a binding domain (e.g. an antibody variable 

25 domain) and can be assessed using various assays as herein disclosed, for example. 

A "native sequence Fe region" comprises an amino acid sequence identical to the amino 

acid sequence of an Fe region found i11 nature. Native sequence human Fe regions include a native 

sequence human lgGl Fe region (non-A and A alJotypes); native sequence human IgG2 Fe 

region; native sequence human IgG3 Fe region~ and native sequence human IgG4 Fe region as 

30 well as naturally occurring variants thereof. 

A "variant Fe region" comprises an amino acid sequence which differs from that ofa 

native sequence Fe region by virtue of at least one amino acid modification, preferably one or 

more amino acid substitution(s). Preferably, the variant Fe region .has at least one amino acid 

substitution co1T1pared to a native sequence Fe region or to the Fe region o£a parent polypeptide, 

3 5 e .g. from about one to about ten amino acid substitutions, and preferably from about one to about 

five amino acid slilistitutions in a native sequence Fe region or in the Po region of the parent 
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polypeptide. The variant Fe region herein will preferably possess at least about 80% homology 

with a native sequence Fe region and/or with an Fe region ofa parent polypeptide, and most 

preferably at least about 90% homology therewith, more preferably at least about 95% homology 

therewith. 

5 Depending on the amino acid sequence of the constant domain of their heavy chains, 

intact antibodies can be assigned to different Aclasses@. There are five major classes of intact 

antibodies: IgA, IgD, lgE, IgG, and lgM, and several of these may be further divided into 

A.Subclasses® (isotypes), e.g., IgG 1, IgG2, IgG3, IgG4, IgA, and IgA2. The heavy-chain constant 

domains that correspond to the different classes of antibodies are called ct, 8, s, y, and µ, 

10 respectively. The subunit structures and three-dimensional configurations of different classes of 

irrununoglobulins are well known. 

" Antibody-dependent cell-mediated cytotoxicity" and "ADCC" refer to a cell-mediated 

reaction in which nonspecific cytotoxic cells that express Fe recepto.rs (FcRs) (e.g. Natura] Killer 

(NK) cells, neutrophils, and macrophages) recognize bound antibody on a target ceJI and 

15 subsequently cause lysis of the target cell. The primary cells for mediating ADCC, NK cells, 

express FcyRill only, whereas monocytes express Fc:yRI, FcyRII and Fc-yRilI. FcR expression on 

hematopoietic cells in summarized is Table 3 on page 464 ofRavetch and Kinet, Annu. Rev. 

Immunol 9 :457-92 (1991 ). To assess ADCC activity of a molecule of interest, an in vitro ADCC 

assay, such as that described in US Patent No. 5,500,362 or .5,821,337 may be performed. Useful 

20 effector cells for such assays include peripheral blood mon~nuclear cells (PBMC) and Natural 

Killer (NK) cells. Alternatively, or additionaJly, ADCC activity ofthe molecule of interest may 

be assessed in vivo, e.g., in a animal model such as that disclosed in Clynes et al. PNAS (USA) 

95:652-656 (1998). 

"Human effector cells" are leukocytes which express one or more FcRs and perform 

2.5 effector functions. Preferably, the cells express at least FcyRIII and perform ADCC effector 

function. Examples of human leukocytes which mediate ADCC include peripheral blood 

mononuclear cells (PBMC), natural killer (NK) cells, monocytes~ cytotoxic T ce11s and 

neutrophils; with PBMCs and NK cells being preferred. The effector cells may be isolated from a 

native source thereof, e.g. from blood or PBMCs as de$Cribed heJ'ein. 

30 The terms "Fe receptor" or "FcR" are used to describe a receptor that binds to the Fe 

regiort of an antibody. The preferred FcR is a native sequence human FcR. Moreover, a preferred 

FcR is one which binds an IgG antibody (a gamma receptor) and includes receptors of the FcrRl. 

FcyRU, and Fey Rm subclasses, incl\lding llllelic variants and alternatively spliced forms of these 

receptors. FcyRU receptors include FcyRIIA (an "activating receptor") and FcyRilB (an 

35 hinhibiti.ng receptor"), which have similar amino acid sequences that differ primarily in the 

cytoplasmic domains thereof. Activating receptor Fc-yRIIA contains an immunoreceptor tyrosine-
23 
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based activation motif (IT AM) in its cytoplasmic domain. Inhibiting receptor Fc"(RilB contains 

an immunoreceptor tyrosin~-based inhibition motif (lTIM) in its cytoplasmic domain (see 

review M. in Daeron, AnnlL R.ev. Immuno/. 15:203-234 {1997)). FcRs arc reviewed in Ravetch 

and Kinet, Annu. Rev. Immunol 9:451-92 (1991); Capet et al., lmmunomethods 4:25-34 (1994); 

5 and de Haas et al., J. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, including those to be 

identified in the future, are encompassed by the term "FcR" herein. The term also includes the. 

neonatal receptor, FcRn, which is responsible for the transfer of maternal JgGs to the fetus (Guy~r 

et al., J. /mmunol. 117:587 (1976) and Kim et al., J. lmmunol. 24:249 (1994)), and regulates 

homeostasis of" immunoglobulins. 

I 0 "Complement dependent cytotoxicity" or "CDC" refers to the ability of a molecule to lyse 

a target in the presence of complement. The complement activation pathway is initiated by the 

binding of the first component of the complement system (Clq) to a molecule (e.g. an antibody) 

complexed with a cognate antigen. To assess complement activation. a CDC assay, e.g. as 

described in Ga.Z?..ano-Santoro et al .• J. lmmunol. Methods 202: 163 (1996), may be performed. 

15 "Single-chain Fv" or "scFv" antibody fragments comprise the VH and VL domains of 

antibody, whereia these domains are present in a single polypeptide chain. Preferably, the Fv 

polypeptide further comprises a polypeptide linker between the VH and VL domains which enables 

the scFv to fonn the desired strucrure for antigen binding. For a review of scFv see Plnckthun in 

The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg al'ld Moore eds., Springer-

20 Verlag, New York, pp. 269-315 (1994). HER2 antibody scFv fragments are described in 

W093/16185; U.S. Patent No. 5,571,894; and U.S. Patent No. 5,587,458. 

The tef'I!l "diabodies" refers to small antibody fragments with two antigen-binding sites. 

which fragments comprise a variable heavy domain (Vu) connected to a variable light domain 

(VL) in the same polypeptide chain CVH - VL). By using a linker that is too short to allow pairing 

25 between the two domains on the same chain, the domains are forced to pair with the 

complementary domains of another chain and create two antigen-binding sites. Diabodies are 

described more fully in, for example, EP 404,097; WO 93/11161; and Hollinger et al., Proc. Nall. 

Acad. Sci. USA, 90:6444-644.8 (1993). 

A "naked antibody" is an antibody that is not conjugated to a ht:terologous molecule, such 

30 as a c)'totoxic moiety or radioJabel. 

An "isolated" antibody is one which has been identified and separated and/or recovered 

from a component of its natural environment. Contaminant components of its natural 

environment are materials which would interfere with diagnostic or therapeutic uses for the 

antibody. and may include enzymes. hormones, and otl1er proteinaceous or nonproteinaceous 

35 solutes. In preferred embodiments, the antibody will be purified (1) to greater than 95% by 

weight of antibody as determined by the Lowry method, and most preferably more than 99% by 
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weight, {2) to a degree sufficient to obtain at least 15 residues ofN-tenninat or internal amino 

acid sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under 

reducing or nonreducing conditions using Coomassie blue or, preferably, silver stain. Isolated 

antibody inc.ludes the ant.ibody in situ within recombinant cells since at least one component of 

S the antibody's natural environment will not be present. Ordinarily, however, isolated antibody 

will be prepared by at least one purification step. 

An "affinity matured .. antibody is one with one or more alterations in one or more 

hypervariable regions thereof which result an improvement in the affinity of the antibody for 

antigen, compared to a parent antibody which does not possess those alteration(s). Preferred 

I 0 affinity matured. antibodies. will have nanomolar or even picomoJar affinities for tbe target 

antigen. Affinity matured antibodies are produced by procedures known in the art. Marks et al. 

Bioffechnology 10:779~783 (1992) describes affinity maturation by VH and VL domain 

shuffiing. Random mutagenesls of CDR and/or framework residues is described by: Barbas et al. 

Proc Nat. Acad. Sci, USA 91 :3809-3813 (1994); Schier et al. Gene 169:147-155 (1995); Yelton et 

15 al. J. Jmmunoi. 155:1994-2004 (1995); Jackson et al .. J. Immunol. 154(7):3310-9 {1995); and 

Hawkins el al, J. MoL Biol. 226:889-896 (1992). 

The term "main species antibody" herein refers to the antibody structure in a composition 

which is the quantitatively predominant antibody molecule in the composition. In one 

embodiment, the main species antibody is a HER2 antibody, such as an antibody that binds to 

20 Domain II of HER2, antibody that inhibits HER dimerization more effectively than trastw:u.mab, 

and/or an antibody which binds to a heterodimeric binding site of HER2. The preferred 

embodiment herein of the main species antibody is one comprising the variable light and variable 

heavy amino acid sequences in SEQ ID Nos. 3 and 4, and most preferably comprising the light 

chain and heavy chain amino acid sequences in SEQ ID Nos. 13 and 14 (pertuzumab). 

25 An «amino acid sequence variant" antibody herein is an antibody with an amino acid 

sequence which differs from a main species antibody. Ordinarily, amino acid sequenc.e variants 

will possess at least about 70% homology with the main species antibody, and preferably, they 

will be at least about 80%, more preferably at least about 90% homologous with the main species 

antibody. The amino acid sequence variants possess substitutions, deletions, and/or additions at 

30 certain positions within or adjacent to the amino acid sequence of the main species antibody. 

Examples of amino acid sequence variants herein include an acidic variant (e.g. deamidated 

antibody variant), a basic variant. an antibody with an amino-terminal leader extension (e.g. VHS­

) on one or two light chains thereof, an antibody with a C-terminal lysine residue on one or two 

heavy chains thereof, etc, and includes com.binations of variations to the amino acid sequences of 

35 heavy and/or light chains. The antibody variant of particular interest herein is the antibody 

comprising an amino-terminal leader extension on one or two light chains thereof, optionally 

25 
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further comprising other amino acid sequence and/or glycosylation differences relative to the 

main species antibody. 

A " glycosylation variant" antibody herein is an antibody with one or more carbohydrate 

moeities attached thereto which differ from one or more carbohydate moieties attached to a main 

5 species antibody. Examples of glycosylation variants herein include antibody with a GI or G2 

oligosaccharide structure. instead a GO oligosaccharide structure, attached to an Fe region thereof, 

antibody with one or two carbohydrate moieties attached to one or two light chains thereof, 

antibody with no carbohydrate attached to one or two heavy chains of the antibody, etc, and 

combinations of glycosylation alterations. 

l 0 Where the antibody has an Fe region, an oligosaccharide structure may be attached to one 

or two heavy chains of the antibody, e.g. at residue 299 (298, Eu numbering of residues). For 

pertuzumab, GO was the predominant oligosaccharide structure, with other oligosaccharide 

structures such as GO-F. G-l, Man5, Man6, Gl-1, Gl(l-6), GI(l-3) and G2 being found in lesser 

amounts in the pertuzumab composition. 

l S Unless indicated otherwise, a AG l oligosaccharide structure© herein includes G-1, Gl -1, 

G 1 (1-6) and G l (1-3) structures. 

An "amino-terminal leader extension" herein refers to one or more amino acid residues of 

the amino-terminal leader sequence that are present at the amino-tenninus of any one or more 

heavy or light chains of an antibody. An exemplary amino-terminaJ leader extension comprises 

20 or consists of three amino acid residues, VHS, present on one or both light chains of an antibody 

variant. 

A "deamldated" antibody is one in which one or more asparagine residues thereof has 

been derivitized, e.g. to an aspanic acid, a succinimide, or an iso-aspartic acid. 

The terms "cancer" and "cancerous" refer to or describe the physiological condition in 

25 mammals drnt is typicaJlycharacterized by unregulated cell growth. Examples of cancer include, 

but are not limited to, carcinoma, lymphoma, blastoma (including medulloblastoma and 

retinoblastoma}, sarcoma (including liposarcoma and synovial cell sarcoma), neuroendocrine 

tumors (including carcinoid tumors, gastrtnoma, and islet cell cancer), mesothelioma, 

schwannoma (including aooustic neuroma), meningioma. adenocarcinoma, melanoma, and 

30 leukemia or lymphoid malignancies. More particular examples of such cancers include squamous 

cell cancer (e.g. epithelial squamous cell cancer), lung cancer including small~ell lung cancer 

(SCLC), non-small cell lung ~ncer (NSCLC), adenocarcinoma of the lung and squamous 

carcinoma of the lung, cancer of the peritoneum, hepatocelfular cancer, gastric or stomach cancer 

including gastrointestinal cancer. pancreatic cancer, gli.oblastoma, cervical cancer, e»varian cancer, 

35 liver cancer, bladder cancer, hepatoma, breast cancer (including metastatic breast cancer), colon 

cancer, rectaJ c~ncer, colorectaJ cancer, endometrial or uterine carcinoma, sa1ivttry gland 
26 
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carcinoma, k idney or renal cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic 

carcinoma, anal carcinoma, penile carcinoma, testicular cancer, esophagael cancer, tumors of the 

biliary tract. as well as head and neck cancer. 

An ".advanced" cancer is one which has spread outside the site or organ of origin. either 

S by local invasion or metastasis. 

A "refractory» cancer is one which progresses even though an anti-tumor agent, such as a 

chemotherapeutic agent, is being administered"to the cancer patient. An example ofa refractory 

cancer is one which is platinum refractory. 

A '"recurrent" cancer is one which has regrown, either at the initial site or at a distant site, 

l () after a response to initial therapy. 

Herein, a «patient" is a human patient The patient may be a Acancer patient,® i.e. one 

who is suffering or at risk for suffering from one or more symptoms of cancer. 

A '<tumor sample" herein is a sample derived from, or comprising tumor cells from, a 

patient"'s tumor. Examples of tumor samples herein include, but are not limited to, tumor 

1 S biopsies, circulating tumor cells, circulating plasma proteins. ascitic fluid, primary cell cultures or 

cell lines dermved from tumors or exhibiting tumor-like properties, as well as preserved tumor 

samples, such as formalin-fixed, paraffin-embedded tumor samples or frozen turnoT samples. 

A "fixed" tumor sample is 011e which has been histologically preserved using a fixative. 

A '"formalin-fixed" tumor sample is one which has been preserved using formaldehyde as 

20 the fixative. 

An «embedded" tumor sample is one surrounded by a finn and generally bard medium 

such as paraffin, wax. ceJJoidin. or a resin. Embedding makes possible the cutting of thin sections 

for microscopic examination or for gener&,tion of tissue microarrays (TMAs). 

A "paraffin-embedd:d" tumor sample is one surrounded by a purified mixture of solid 

25 hydrocarbons derived from petro]eum. 

Here in, a ••frozen" tumor sample refers to a tumor sample which is, or has been, frozen. 

A cancer or biological sample which "displays HER expression. amplification, or 

activation., is one which. in a diagnostic test, expresses (including o~erexpresses) a HER receptor, 

has amplified HER gene, and/or otherwise demonstrates activation or phosphorylation of a HER 

30 receptor. 

A cancer or biological sample which "displays HER activation" is one which. in a 

diagnostic test, demonstrates activation or phosphorylation of a HER receptor. Such activation 

can be determined directly (e.g. by measuring HER phosphorylation by ELISA) or indirectly (e.g. 

by gene expression profiling or by detecting HER heterodimers, as described herein). 

35 Herein, "gene expression profiling" refers to an evaluation of expression of one or more 

genes as a surrogate for determining HER phosphorylation directly. 
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A "phospho-ELISA assay" herein is an assay in which phosphorylation of one or more 

HER receptors, especially HER2, is evaluated in an enzyme--Hnked immunosorbent assay 

(ELISA) using a reagent, usually an antibody, to detect phosphorylated HER receptor, substrate, 

or downstream signaJing molecule. Preferably, an antibody which detects phosphorylated HER2 

5 is used. The assay rnay be performed on cell lysates, preferably from fresh or frozen biological 

samples. 

A cancer cell with "HER receptor overexpression or tllTlplification" is one which has 

significantly higher levels ofa HER receptor protein or gene compared to a noncancerous cell of 

the same tissue type. Such overexpression may be caused by gene amplification OT by increased 

10 transcription or translation. HER receptor overexpression or amplification may be determined in 

a diagnostic or prognostic assay by evaluating increased levels of the HER protein present on the 

surface of a cell (e.g. via an !mmunohistochemistry assay; IBC). Alternatively, or additionally, 

one may measure levels of HER-encoding nucleic acid in the cell, e.g. via fluorescent in situ 

hybridization (FTSH; see W098/45479 published October, 1998), southern blotting, or 

15 polymerase chain reaction (PCR) techniques, such as quantitative real t ime PCR (qRT-PCR). One 

may also study HER receptor overexpression or amplification by measuring shed antigen (e.g., 

HER extracellular domain) in a biological fluid such as serum (see, e.g., U.S. Patent No. 

4,933,294 issued June 12, 1990; W091/05264 published April 18, 1991; U.S. Patent 5,401,638 

issued March 28, 1995; and Sias et al. J Immunol. Methods 132: 73-80 (1990)). Aside .from the 

20 above assays, various in vivo assays are available to the skilled practitioner. For example, one 

may expose cells within the body of the patient to an antibody which is optionally labeled with a 

detectable label, e.g. a radioactive isotope. and binding of the antibody to cells in the patient can 

be evaluated, e.g. ·by external scanning for radioactivity or by analyzing a biopsy taken from a 

patient previously exposed to the antibody. 

25 Conversely, a cancer which "does not overexpress or amplify HER receptor' js one which 

does not have higher than normal .levels of HER receptor protein or gene compared to a 

noncancerous cell of the same tissue type. Antibodies that inhibit HER dimerization, such as 

pertuzumab, may be used to treat cancer which does not overexpress or amplify HER2 receptor. 

Herein, an "anti-tumor agent" refers to a drug used to treat cancer. Non-limiting 

30 examples of anti-tumor agents herein include chemotherapeutic agents, HER dimerization 

inhibitors, HER antibodies, antibodies directed against tumor associated antigens, anti-hormonal 

compounds, cytokines, EGFR-wgeted drugs, anti-angiogenic agents, tyrosine kinase inhibitors. 

growth inhibitory agents and antibodies, cytotoxic agents, antibodies that induce apoptosis, COX 

inhibjtors, famesyl transferase inhibitors, antibodies that binds oncofetal protein CA 125, HER2 

35 vaccines, Raf or ras inhibitors, liposomal doxorubicin, topotecan, taxane, dual tyrosine kinase 

inhibitors, TLK.286, EMD-7200, pertuzumab. trastuzumab, erlotinib, and bevacizumab. 
28 

1705 of 2036 Celltrion, Inc., Exhibit 1004



1706 of 2036 Celltrion, Inc., Exhibit 1004



WO 2007/145862 PCT/US2007/013028 

cell. MDA-MB-453, MDA-MB-361 or SKOV3 cell. Various methods are available for 

evaluating the cellular events associated with apoptosis. For example, phosphatidyl serine (PS) 

translocation can be measured by annexin binding; DNA fragmentation can be evaluated through 

DNA laddering; and nuclear/chromatin condensation along with DNA fragmentation can be 

5 evaluated by any increase in hypodiploid cells. Preferably, the antibody which induces apoptosis 

is one which results in about 2 to 50 fold, preferably about 5 to 50 fold, and most preferably about 

I 0 to 50 fold, induction of annexin binding relative to untreated cell in an annexin binding assay 

using BT474 cells (see below). Examples ofHER2 antibodies lt1at induce apoptosis are 7C2 and 

7F3. 

10 The "epitope 2C4" is the region in the extraceJlular domain ofHER2 to which the 

antibody 2C4 binds. In order to screen for antibodies which bind to the 2C4 epitope, a routine 

cross-blocking assay such as that described in Antibodies. A Laboratory Manual, Cold Spring 

Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. Preferably the 

antibody blocks 2C4's binding to HER2 by about 50% or more. Alternatively. epitope mapping 

15 can be performed to assess whether the antibody binds to the 2C4 epitoP.e of HER2. Epitope 2C4 

comprises residues from Domain Il in the extracellular domain ofHER2. 2C4 and pertuzumab 

binds to the extracellular domain oflIER2 at the junction of domains I. II and Ill. Franklin et al. 

Cancer Cell 5:317-328 (2004). 

The "epitope 405" is the region in the extracellular domain ofHER2 to which the 

20 antibody 405 (ATCC CRL 10463) and trastuzumab bind. This epitope is close to the 

transmembrane domain ofHER2, and within Domain IV ofHER2. To screen for antibodies 

which bind to the 405 epitope, a routine cross-blocking assay such as that described in 

Anlibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Ed Harlow and David Lane 

(1988). can be performed. Alternatively, epitope mapping can be performed to assess whether the 

25 antibody binds to the 405 epitope of"HER2 (e.g. any one or more residues in the region from 

about residue 529 to about residue 625, inclusive of the HER2 ECD, residue numbering including 

signal peptide). 

The "epitope 7C2/7F3" is the region at the N terminus, within Domain I, of the 

extracellular domain ofHER2 to which the 7C2 and/or 7F3 antibodies (each deposited with the 

30 ATCC, see below) bind. To screen for antibodies which bind to the 7C2/7F3 cpitope, a routine 

cross-blocking assay such as that described in Antibodies, A Laboratory Manual, Cold Spring 

Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed. Altematively, epitope 

mapping can be performed to establish whether the antibody binds to the 7Cl.17F3 epitope on 

HER2 (e.g. any one or more ot·residues in the region from about residue 22 to about residue 53 of 

35 the HER2 ECD, residue numbering including signal peptide). 
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"Treatment11 refers to both therapeutic treatment and prophylactic or preventative 

measures. Those in need of treatment include those already with cancer as well as those in which 

cancer is to be prevented. Hence, the patient to be treated herein may have been diagnosed as 

having cancer or may be predisposed or susceptible to cancer. 

5 The term "effective amount" refers to an amount of a drug effuctive to treat cancer in the 

patient_ The effective amount of the drug may reduce the number of cancer cells; reduce the 

tumor size~ inhibit (i.e., sJow to some extent and preferably stop) cancer cell infiltration into 

peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor metastasis; inhibit, 

to some extent, tumor growth; and/or relieve to some extent one or more of the symptoms 

l 0 associated with the cancer. To the extent the drug may prevent growth and/or kill existing cancer 

cells, it may be cytostatic and/or cytotoxic. The effective amount may extend progression free 

survival (e.g. as measured by Response Evaluation Criteria for Solid Tumors, RECIST, or CA-

125 changes), result in an objective response (including a partial response. PR. or co.mplete 

respose, CR), increase overaIJ survival time, and/or improve one or more symptoms of cancer 

l S (e.g. as assessed by FOSI). 

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents 

the function of cells and/or causes destruction of cells. The renn is intended to include radioactive 

isotopes (e.g. At2u, Im, T125, Y90
, R.e186

, Re138
, Sm1'

3
, Bi212

, F32 and radioactive isotopes ofLu}. 

chemotherapeutic a.gents, and toxjns such as small molecule toxins oc enzymatically actjve toxins 

20 of bacterial, fungal, plant or animal origin, including fragments and/or variants thereof. 

A "chemotherapeutic agent" ]s a chemical compound useful in the treatment of canct:r. 

Examples of chemotherapeutic agents include aJkylating agents such as thiotepa and 

CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and piposulfun; 

aziridines such as benz0dopa. carboquone, meturedopa, and uredopa; ethylenirnines and 

25 methylamelamines including aJtretamine, triethylenemelamine, trietylenephosphoramide, 

triethiylenethiophosphoramide and trimethyJotomelamine; TLK 286 (TELCYTA Tt.1); acetogenins 

(especially bullatacin and bullatacinone); delta-9-tctrahydrocannabinol (dronabinol, 

MARINOL®); beta-lapachone; lapachol; colchicines; betulinic acid; a campto1hecin (including 

1he synthetic analogue topotecan (HYCAMTIN®). CPT-11 (irinotecan, CAMPTOSAR®). 

30 acetylcamptothecin, scopolectin, and 9-aminocamptothecin); bryostatin; callystatin; CC-1065 

(including its adozelesin, carzelesin and bizelesin synthetic analogues); podophyllotoxin; 

podophyllinic acid; tcniposide; cryptophycins (particularly cryptophycin 1 and cryptophycin 8); 

dolastatin; duocannycin (including the synthetic analogues, KW-2189 and CBt-TMJ); 

eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil. 

35 chlornaphazjne, cholophosphamjde, estramustine, ifosfamide, mechlorethamine, mech1orethamine 

31 
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oxide hydrochloride. meJphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil 

mustard; nitrosureas such as cannustine. chlorozotocin, fotemustine, lomustine, nimustine, and 

ranimnustine; bisphosphonates, such as clodronate; antibiotics such as the enediyne antibiotics (e. 

g., caliclleamicin, especially calicheamicin gammall and calicheamicin omegall (see. e.g., 

5 Agnew, Chem Intl. Ed. Engl., 33: 183-186 (1994)) and anthracyclines such as annamycin, AD 32, 

alcarubicin. daunorubicln, dexrazoxane, DX-52-1, epirubicin, GPX-100, idarubicin, KRNS500, 

menogaril, dynemicin, including dynemicin A, an esperamicin, neocarzinostatin chromophore and 

related cbromoprotein enediyne antiobiotic chromophores, aclacinomysins, actinomycin, 

authramycin, azaserine, bleomycins, cactinomycin, carabicin, carminomycin, carzinophilin, 

10 chromomycinis, dactinomycin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN® 

doxorubicin (including morpholino-doxorubicin. cyanomorpholino-doxorubicin, 2-pyrroHno­

doxorubicin, liposomal doxorubicin, and deoxydoxorubicin), esorubicin, marcellomycin, 

mitomycins s uch as mitomycin C, mycophenolic acid, nogalamycin, oJivomycins, peplomycin, 

potfiromycin. puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, 

15 ubenimex, zinostatin, and zorubicin; folic acid analogues such as denopterin, pteropterin, and 

trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, 
0

and thioguanine; 

pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, 

djdeoxyuridine, doxifluridine, enocitabine, and floxuridine~ andrQgens such as calusterone, 

dromostanolone propionate, epitiostanol, mepitiostane, and testolactone; anti-adrenals such as 

20 aminoglutethimide, mitotane, and trilostane; folic acid replenisher such as folinic acid 

(leucovorin); aceglatone; anti-folate anti-neoplastic agents such as ALIMTA®, LY231514 

pemetrexed, dihydrofolate reductase inhibitors such as methotrexate, anti-metabolites such as 5-

fluorouracil (5-FU} and its prodrugs such as UFT, S-1 and capecitabine, and thymidylate synthase 

inhibitors and glycinamide ribonucleotide fonnyltransferase inhibitors such as raltitrexed 

25 (TOMUDEXRM, TDX); inhibitors ofdihydropyrimidine dehydrogenase such as eniluracil; 

aldophospharnide glycoside; aminolevulinic acid; amsacrine; bestrabuci1; bisantrene; edatraxate; 

defofamine; demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; 

gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and 

ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet; 

30 pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK7 polysaccharide complex (JHS 

Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran;-spirogermanium; tenuazonic acid; 

triaziquone; 2,2',.2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, 

roridin A and anguidine); urethan; vindesine (ELDISINE®, FILDESIN®); dacnrbazine; 

mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C"); 

35 cyclophosphamide; thiotepa; taxoids and taxanes, e.g., TAXOL® paclitaxeJ (Bristol-Myers 

32 
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Squibb Oncology, Princeton, N.J.), ABRAXANE™ Cremophor-free, albumin-engineered 

nsnoparticle formulation of paclltaxel (Americ.nn Pharmaceutical Par:tners. Schaumberg, 

Illinois), and TAXOTERE® docetaxeJ (Rh8ne-Poulenc Rorer, Antony, France); chforanbucil; 

gemcitabine (GEMZAR®); 6-thioguanine; mercaptopurine; platinum; platinum analogs or 

5 platioum-based analogs such as cisplatin, oxaliplatfa and carbopfat1n; vi~blastine (VBLBAN®); 

etoposide (VP-16); ifosfamide; mitoxantrone; vincristine (ONCOVIN®); vinca alkalojd; 

vinorelbine (NAVELBINE®); novantrone; edatrexate; dauno.mycin; arninopterio; xeloda; 

ibandronate; topoisomerase inhibitor RFS 2000; difluorometlhylom.ithine (DMFO); retinoids such 

as retinoic acid; pharmaceutically acceptable salts, acids or derivatives of any of the above; as 

10 well as combinatfons of two or more of the above such as CHOP, an abbreviation for a combined 

therapy of cyclophosphamide, doxoTUbicin, vincristine, and prednisolone, and FOLFOX, an 

abbreviation for a treatment regimen with oxaliplatin (ELOXATINTM) combined with S~FU and . 

leucovorin. 

Also included in this definition are anti-hormonaJ agents that act to regulate or inhibit 

15 hormone action on tumors such as anti-estrogens and selective estrogen receptor modulators 

(SERMs), including, for example, t.amoxifen (including NOLV ADBX® tamoxifon), raloxifen~, 

droloxifene, 4-hydroxytamoxi'fen, trioxifene, keoxifene, L Yl 1701 8, onapristone, and 

FARESTON® toremifene; aromatase inhibitors that inhibit the enzyme aromatase, which 

regulates estrogen production in the adrenal glands, such as, for example, 4(5)~imidazoles, 

20 aminoglutethimide, MEGASE® megestrol acetate, AROMASIN® exemestane, fonnestanie, 

fadrozole, RJVISOR® vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole~ and anti­

androgens such as flutamide. nilutamide, bicalutamide, leuprolide. and goserelin; as well as 

troxacitabine (a 1 ,3-dioxolane nucleoside cytosine analog); antisense otigonucleotides, 

particularly those that inhibit expression of genes in signaling pathways implicated in abherant 

25 cell proliferation, such as, for example, PKC-alpha, Raf, H-Ras, and epidermal growth factor 

receptor (EGF-R); vaccines such as gene therapy vaccines, for example, ALLOVECTJN® 

vaccine, LEUVECTIN® vaccine, and VAX.ID® vaccine; PROLEUKIN® rlL-2; 

LURTOTECAN® topoisomerase 1 inhibitor; ABARELIX® rmRH; and pharmaceutically 

acceptable salts, acids or derivatives of any of the above. 

30 An "antimetabolite chemotherapeutic agent" is an agent which is structurally similar to a 

metabolite, but can not be used by the body in a productive manner. Many antimetabolite 

chemothetapeutic agents interfere with the production of the: nucleic acids, RNA and DNA. 

Examples of antimetabolite chemotherapeutic agents include gerncitabine (GEMZAR®), 5-

fluorouracil (5-FU), capecitabine (XELODA ™), 6-mercaptopurine, methotrexate, 6-thioguanine, 

35 pemetrexed, raltitrexed~ arabinosylcytosine ARA-C cytarabine (CYTOSAR-U®). dacarbazine 

33 
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(DTTC-DOl'vfE®), azocytosine, deoxycytosine, pyridmidene, tludarabine (FLUDARA®), 

clad.rabine, 2-deoxy-D-glucose etc. The preferred antimetabolite chemotherapeutic agent is 

gerncitabine. 

"Gemcitabine" or A"2'-deoxy-2', 2'-ditluorocytidine monohydrochloride (b-isomer)" is a 

5 nucleoside ana.logue that exhibits antitumor activity. The empirical formula for gemcitabine HCl 

is C9Hl 1F2N304 A HCI. Gemcitabine HCJ is sold by Eli Lllly under the trademark 

GEMZAR®. 

A "platinum-based chemotherapeutic agent" comprises an organic compound which 

contains platinum as an integral part of the molecule. Examples of platinum-based 

10 chemotherapeutic agents include carboplatin, cisplatin, and oxaliplatinum. 

By "platinum-based chemotherapy" is intended therapy with one or more platinum-based 

chemotherapeutic agents, optionally in combination with one or more other chemotherapeutic 

agents. 

By "chemotherapy-resistant" cancer is meant that the cancer patient has progressed while 

15 receiving a chemotherapy regimen (i.e. the patient is "chemotherapy refractory"), or the patient 

has progressed within 12 months (for instance, within 6 months) after completing a chemotherapy 

regimen. 

By "platinum-resistant'' cancer is meant that the cancer patient has progressed while 

receiving platinum-based chemotherapy (i.e. the patient is "platinum refractory"). or the patient 

20 has progressed within 12 months (for instance, within 6 months) after completing a platinum­

based chemotherapy regimen. 

An "anti-angiogenic agent" reters to a compound which blocks, or interferes with to some 

degree. the development of blood vessels. The anti-angiogenic factor may. for instance, be a 

small molecule or antibody that binds to a growth factor or growth factor receptor involved in 

25 promoting angiogenesis. The preferred anti-angiogenic factor herein is an antibody that binds to 

v~ular endothelial growth factor (VEGF). such as bevacizumab (AV ASTIN®). 

The term "cytokine" is a generic term for proteins released by one cell population which 

act on another cell as intercellular mediators. Examples of such cytokines are lymphokines, 

monokines, and traditional polypeptide hormones. Included among the cytokines are growth 

30 hormone such as human growth honnone, N-methionyl human growth hormone, and bovine 

growth honnone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorclaxin; 

glycoprotein hormones such as follicle stimulating hormone (FSH), thyroid stimulating hormone 

(TSH). and luteinizing hormone (LH); hepatic growth factor; ·fibroblast growth factor; prolactin; 

placental lactogen; tumor necrosis factor-a and·-~; mullerian-inhibiting s ubstance; mouse 

35 gonadotropin-associated peptide; inhibin; activin; vascular endothelial growth factor; integrin; 
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thrombopoietin (fPO); nerve growth factors such as NGF-{3; platelet-growth factor; transforming 

growth factors (TGFs) such as TGF-a. and TGF-f!; insulin-like growth factor-I and -II; 

erythtopoietin (EPO); osteoinductive factors; interferons such as interferon-a, -(3, and -y; colony 

stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-macrophage-CSF 

5 (GM-CSF); and granulocyte-CSF (G-CSF); interleukins (ILs) such as ll,-1, IL-let, JL-2, IL-3, IL-

4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12; a tumor necrosis factor such as TNF-a or 

TNF-J3; and other polypeptide factors including LlF and kit ligand (KL). As used herein, the term 

cytokine includes pi-oteins from natural sources or from recombinant cell culture and biologically 

active equivalents oftbe native sequence cytokmes. 

l 0 As used herein~ the term "EGFR-targeted drug" refers to a therapeutic agent that binds to 

EGFR and, optionally, inhibits EGFR activation. Examples of such agents include antibodies and 

small molecules that bind to EGFR. Examples of antibodies which bind to EGFR include MAb 

579 (ATCC CRL HB 8506), MAb 455 (ATCC CRL HB8507), MAb 225 (ATCC CRL 8508). 

MAb. 528 (ATCC CRL 8509) (see, US Patent No. 4,943, 533, Mendelsohn et al.) and variants 

15 thereof, such as chimerized 225 {C225 or Cetuximab; ERBUTIX®) and reshaped human 225 

(H225) (see, WO 96/40210, lmclone Systems Inc.); IMC-l 1F8. a fully human, EGFR-targeted 

antibody (lmclone); antibodies that bind type fl mutant EGFR (US Patent No. 5,212,290); 

humanized and chimeric antibodies that bind EGFR as described in US Patent No. 5,891,996; and 

human antibodies that bind EGFR, such as ABX-EGF (see W098/50433, Abgenix); EMD 55900 

20 (Stragliotto et al. E.ur. J. Cancer 32A:636-640 (1996)); EMD7200 {matuzumab) a hwnanized 

EGFR antibody directed against EGFR that competes with both EGF and TGF-alpha for EGFR 

binding; and mAb 806 or humanized mAb 806 (Johns et al., J. Biol. Chem. 279(29):30375-30384 

(2004)). The anti-EGFR antibody may be conjugated with a cytotoxic agent. thus generating an 

immunoconjugate (see, e.g., EP659,439A2, Merck Patent GmbH). Examples of small molecules 

25 that bind to EGFR include ZDl 839 or Gefitinib (IRESSA; AstraZeneca); CP-358774 or Erlotinib 

{TARCEVATM; Genentech/OSI); and AGI478, AG157J (SU 5271; Sugen); EMD-7200. 

A "tyrosine kinase inhibitor" is a molecule which inhibits tyrosine kinase activity of a 

tyrosine kinase such as a HER receptor. Examples of such inhibitors include the EGFR-targeted 

drugs noted in the preceding paragraph; small molecule HER2 tyrosine kinase inhibitor such as 

30 TAK165 available from Takeda; CP-724,714, an oral selective inhibitor of the ErbB2 receptor 

tyrosine kinase (Pfizer and OSI)~ dual-HER inhibitors such as EKB-569 (avaHable from Wyeth) 

which preferentially binds EGFR but inhibits both HER2 and EGFR-overexpressing cells; 

GWS72016 (available from Glaxo) an oral HER2 and EGFR tyrosine kinase inhibitor; PKI-166 

(available from Novartis); pan-HER inhibitors such as canertinib (Cl-1033; Pharmacia); Raf-1 

35 inhibitors such as antisense agent ISIS-5132 available from ISIS Pharmaceuticals which inhibits 

Raf-I signaling; non-HER targeted TK inhibitors such as lmatinib mesylate (Gleevac,.M) available 
35 
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from Glaxo; MAPK extracellular regulated kinase I inhibitor CI-1040 (available from !'harmacia); 

quinazolines. such as PD 153035,4-(3-chloroanilino) quinazoline; pyridopyrimidincs; 

pyrimidopyrimidines; pyrrolopyrimidines, such as COP 59326, CGP 60261 and CGP 62706; 

pyrazolopyrimidincs. 4-(phenylamino)-7H-pyrrolo(2,3-d] pyrimidines; curcumin (diferuloyl 

5 methane, 4,5-bis (4-fluoroanilino)phthalimide); tyrphostines containing nitrothiophene moieties; 

PD-0183805 {Warner-Lamber); antisense molecules (e.g. those that bind to HER-encoding 

nucleic acid); quinoxalines (US Patent No. 5,804,396); tryphostins (US Patent No. 5,804,396); 

ZD6474 (AstraZeneca); PTK-787 (Novartis/Schering AG); pan-HER inhibitors such as CI-1033 

(Pfizer); Affinitac (ISIS 3521; Isis/Lilly); lmatinib mesylate (Gleevac; Novartis}; PKI 166 

10 (Novartis); GW2016 (Glaxo SmithKlinc); CI-1033 {Pfizer); EKB-569 (Wyeth); Semaxin.ib 

(Sugen); ZD6474 (AstraZeneca); PTK-787 (Novartis/Schering AG); INC-l Cl 1 (Imclone); or as 

described in any of the following patent publications: US Patent No. 5,804,396; W099/09016 

(American Cyanimid); W098/43960 (American Cyanamid); W097/38983 (Warner Lambert); 

W099/06378 (Warner Lambert); W099/06396 (Warner Lambert); W096/30347 (Pfizer, Inc); 

IS W096/33978 (Zeneca); W096/3397 (Zeneca); and W096/33980 (Zeneca). 

A "fixed " or "flat" dose of a therapeutic agent herein refers to a dose that is administered 

to a human patient without regard for the weight (WT) or body surface area (BSA) of the patient. 

The fixed or flat dose is therefore not provided as a mg/kg dose or a mg/m2 dose, but rather as an 

absolute amount of the therapeutic agent. 

20 A «loading" dose herein generally comprises an initial dose of a therapeutic agent 

administered to a patient, and is followed by one or more maintenance dose(s) thcreot: Generally, 

a single loading dose is administered, but multiple loading doses are contemplated herein. 

Usually, the amount of loading dose(s) administered exceeds the amount of the maintenance 

dose(s) administered and/or the loading dose(s) are administered more frequently than the 

25 maintenance dose(s), so as to achieve the desired steady-state concentration of the therapeutic 

agent ear1ier than can be achieved with the maintenance dose(s). 

A "maintenance" dose herein refers to one or more doses of a therapeutic agent 

administered to the patient over a treatment period. Usually, the maintenance doses are 

administered at spaced treatment intervals, such as approximately every week, approximately 

30 every 2 weeks, approximately every 3 weeks, or approximately every 4 weeks. 

ll. Production of Antibodies 

Since, in the preferred embodiment, the HER dimerization inhibitor is an antibody, a 

description follows as to exemplary techniques for the production of HER antibodies used in 

accordance with the present invention. The HER antigen to be used for production of antibodies 

35 may be, e.g .• . a soluble form of the extracellular domain of a HER receptor or a portion thereo~ 

containing the desired epitope. Alternatively, ceHs expressing HER at their cell surface (e.g. 

36 
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NIH-3T3 cells rransfonned to overexpress HER2; or a carcinoma cell line such as SK-BR-3 cells, 

see Stancovski et al. PNAS (USA) 88:8691-8695 (1991)) can be used to generate antt'bodies. 

Other forms of' HER receptor usefiLJ for generating antibodies will be apparent to those skilled in 

the art. 

(i) Polyclonal antibodies 

Polyctonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or 

intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to 

coJtjugate the relevant antigen to a protein that is imrnunogenic in the species to be immunized, 

e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin 

10 jnhibitor using a bifunctional or derivatizing agent for example, ma1eimidob€'._nzoyJ 

sulfosuccinimide ester (conjugation through cysteine residues), N-hydtoxysuccinitnide (through 

lysine residues). glutaraldehydc, succinic anhydride, SOCll> or R 1N.::>C=-NR. where Rand R 1 IU"e 

different alkyl groups. 

Animals are immunized against the antigen, immunogen ic conjugates, or derivatives by 

15 combining, e.g., 100 µg or 5 µg of the protein or conjugate (for rabbits or mice, respectively) with 

3 volume.s oiFreund's complete adjuvant and injecting the solution intradermaUy at muJtiple sites. 

One month later the animals are boosted with l/5 to 1/10 the original amount of peptide or 

coajugate in Freund's complete adjuvant by subcutaneotis injection at multiple sites. Seven to 14 

days later the animals are bled and the serum js assayed for antibody titer. Animals are boosted 

20 until the titer plateaus. Preferably. the animal is boosted with the conjugate of the same antigen, 

but conjugated to a different protein and/or through a different cross·linking reagent. Conjugates 

also can be made in recombinant celJ culture as protein fusions. Also, aggregating agents such as 

alum are suitably used to enhance the immune response. 

25 

(ii) Monoclonal antibodie:J 

Various methods for making monoclonal antibodies herein are available in the art. For 

example, the monoclonal antibodies may be made using the hybridoma method first described by 

Kohler et al., Nature. 256:495 (1975). by recombinant DNA methods (U.S. Patent No. 

4~816,567). 

Jn the hybridoma method, a mouse or other appropriate host animal, such as a hamster. is 

30 immunized as hereinabove described to elicit lympbocytes that produce or are capable of 

producing antibodies that will specifically bind to the protein used for immunization. 

Altematively, lymphocytes may be immunized in vitro. Lymphocytes then are fused with 

myeloma cells using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma 

cell (Goding. Monoclonal Antibodies: Princfpfes and Practic<!.. pp.59-J 03 (Academic Press. 

35 1986)). 

37 
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The hybridoma cells thus prepared aTe seeded and grown in a suitable culture medium 

that preferably contains one or more substances that inhibit the growth or survival of the unfused, 

parental myeloma cells. For example, if the parental myeloma cells lack the enzyme 

hypox.anthine guanine phosphoribosyl transferase (HGPRT or HPR'I), the culture medium for the 

5 hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), 

which substances prevent the growth ofHOPRT..deficient cells. 

Preferred myeloma cells are those that fuse efficiently, support stable high-level 

production of antibody by the selected antibody-producing cells, and are sensitive to a medium 

such as HAT medium. Among these, preferred myeloma cell Jines are murine rnyeloma lines, 

l 0 such as those derived from MOPC-21 and MPC-11 mouse tumors available from the Salk 

Institute Cell Distribution Center, San Diego, California USA, and SP-2 or X63-Ag8-653 cells 

available from the American Type Culture Collection, Rockville, Maryland USA. Human 

royeloma and mouse-human heteromyeloma cell lines also have been described for the production 

of human monoclonal antibodies (Kozbor, J. lmmunoL, 133:3001 (1984); and Brodeur et al., 

15 .Monoclonal Antibody Production Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc .• 

New York, 1987)). 

Culture medium in which hybridoma cells are growing is assayed for production of 

monoclonal antibodies directed against the antigen. Preferably, the binding specificity of 

monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation o.r by 

20 an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent 

assay {ELISA). 

The binding a.ffinity of the monoclonal antibody can, for example, be determined by the 

Sciltcha.rd analysis ofMunson et al., Anal. Biochem., 107:220 (1980). 

After hybridoma cells are identified that produce antibodies of the desired specificity, 

25 affinity, a:nd/or activity, the clones may be subcloned by limiting dilution procedures and grown 

by standard methods (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-103 

(Academic Press, 1986)). Suitable culture media for this purpose include, for example, D-MEM 

or RPMI-1640 medium. ln addition, the hybridoma cells may be grown in vivo as ascites tumors 

in an animal. 

30 The monoclonal antibodies secreted by the subclones are suitably separatecffrom the 

culture medium. ascites fluid, or serum by conventional antibody purification procedures such as, 

for example, protein A-Sepharose, hydroxylapatite chromatography. gel electrophoresis, dialysis, 

or affinity chromatography. 

DNA encoding the monoclonal antibodies is readily isolated and sequenced using 

35 conventional procedures {e.g ., by using oligonucleotide probes that are capable of binding 

specifically to genes encoding the heavy and light chains ofmurine antibodies). The hybridoma 
38 
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cells serve as a. preferred source of such DNA. Once isolated, the DNA may be placed into 

expression vectors, which are then transfected into host cells such as E. coll' cells, simian COS 

cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise produce 

antibody protein, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. 

5 Review articles on recombinant expression in bacteria of DNA encoding the antibody include 

Skerra et al., Curr. Opinion in ImmunoL, 5:256-262 (1993) and PlOckthun, Immunol. Revs., 

130: 151-188 (1992). 

In a further embodiment, monoclonal antibodies or antibody fragments can be isolated 

from antibody phage libraries generated using the techniques described in McCafferty et al., 

lO Nature, 348:552-554 (1990). Clackson et al., Nature, 352:624-628 (1991) and Marks et al., J. 

Mol. Biol., 222:581-597 (1991) describe the isolation ofmurine and human antibodies, 

respectively, using phage libraries. Subsequent publications describe the production of high 

affinity (nM range) human antibodies by chain shuffling (Marks et al., Blo/TechnoJogy, l 0:779-

783 (1992)), as well as combinatorial infection and in vivo recombination as a strategy for 

15 constructing very large phage libraries (Waterhouse et al., Nuc. Acids. Res., 21:2265-2266 

(1993)). Thus, these techniques are viable alternatives to traditional monoclonal antibody 

hybridoma techniques for isolation of mon.oclonal antibodi~s. 

The DNA also may be modified, for example, by substituting the coding sequence for 

human heavy chain and light chain constant domains in place of the homologous murine 

20 sequences (U.S. Patent No. 4,816,567; and Morrison, et al., Proc. Natl Acad. Sci. USA, 81 :6851 

(1984)), or by covaJently joining to the intmunoglobulin coding sequen~e all or 'part of the coding 

sequence for a non-imrnunoglobulin polypeptide. 

Typically such non-irnmunoglobulin polypeptides are substituted for the constant 

domains of an antibody, or they are substituted for the variable domains of one antigen-combining 

25 site of an antibody to create a chimeric bivalent antibody comprising one antigen-combining site 

having specificity for an1antigen and another antigen-combining site having specificity for a 

different antigen. 

(iii} Humanized antibodies 

Methods for humanizing non-human antibodies have been described in the art 

30 Preferably, a humanized antibody ·has one or more amino acid residues introduced into it from a 

source which is non-human. These non-human amino acid residues are often referred to as 

"import" residues, which are typically taken from an "import" variable domain. Humanization 

can be essentially performed following the method of Winter and co-workers (Jones et al., 

Nature, 321 :522-525 (1986}; Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al., 

35 Science, 239: 1534-1536 (1988)), by substituting h.ypervariable region sequences for the 

corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are 
39 
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chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially less than an intact human 

variable domain has been substituted by the corresponding sequence from a non-human species. 

In practice, humanized antibodies are typically human antibodies in which some hypervariable 

region residues and possibly some FR residues are substituted by residues from analogous sites in 

5 rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the 

humanized antibodies is very important to reduce antigenicity . According to the so-called ''best­

fit" method, the sequence of the variable domain of a rodent antibody is screened against the 

entire library of known human variable-domain sequences. The human sequence whi.ch is closest 

10 to that ofthe rodent is then accepted as the human framework region (FR) for the humanized 

antibody (Sims et al., J. Jmmunol., 151 :2296 (1993); Chothia et al., J. Mol. Biol. , 196:90.1 

(1987)). Another method uses a particular framework region derived from the consensus 

sequence of all human antibodies of a particular subgroup of light or heavy chains. The same 

framework may be used for several different humanized antibodies (Carter el al., Proc. Natl. 

15 A cad. Sci. USA, 89:4285 (1992); Presta et al., J. Jmmunol., 151 :2623 (1993)). 

It is further important that antibodies be humanized with retention of high aff"mity for the 

antigen and other favorable biological properties. To achieve this goal, according to a preferred 

method, humanized antibodies are prepared by a process of analysis of the parental sequences and 

various conceptual humanized products using thl'ee-dimensiona'I models of the parental and 

20 humanized sequences. Three-dimensional immunoglobulin models are commonly available and 

are familiar to those skilled in the art. Computer programs arc available which illustrate and 

display probable three-dimensional conformational structures of selected candidate 

immunoglobulin sequences. Inspection ofthese displays permits analysis of the likely role of the 

residues in the functioning of the candidate immunoglobulin sequence. i.e. , the analysis of 

25 residues that influence the ability of the candidate immunoglobulin to bind its antigen. In this 

way, FR residues can be selected and combined from the recipient and import sequences so that 

the desired antibody characteristic, such as increased affinity for the target antigen(s). is achieved. 

In general, the hypervariable region residues are directly and most substantialJy involved in 

influencing antigen binding. 

30 US Patent No. 6,949,245 describes production of exemplary humanized HER2 antibodies 

which bind H.ER2 and bl~ck ligand activation of a HER receptor. The humanized antibody of 

particular interest herein blocks EGF, TGF-ct and/or HRG rnediated activation ofMAPK essentially 

as effectively as murine monoclonal antibody 2C4 (or a Fab fragment thereof) and/or binds HER2 

essentially as ·effectively as murine monoclonal antibody 2C4 (or a Fab fragment thereof). The 

35 humanized antibody herein may. for example. comprise nonhuman hypervariable region residues 

incorporated into a human variable heavy domain and may further comprise a framework region (FR) 

40 
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substitution at a position selected from the group consisting of 69H, 71 H and 73H utilizing the 

variable domain numbering system set forth in Kabat et al., Sequences of Proteins of Immunological 

Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda., MD (1991). In one 

embodiment, the humanized antibody comprises FR substitutions at two or all of positions 69H. 71H 

5 and 73H. 

An exemplary humanized antibody of interest herein comprises variable heavy domain 

complementarity determining residues GFTFTDYTMX, where X is preferrably D or S (SEQ ID 

N0:7); DVNPNSGGSIYNQRFKG (SEQ ID N0:8); and/or NLGPSFYFDY (SEQ ID N0:9), 

optionally comprising amino acid modifiljations of those CDR residues, e.g. whei-e the modifications 

l 0 essentially maintain or improve affinity of the antibody. For example, the antibody variant ofinterest 

may have from about one to about seven or about five amino acid substitutions in the above variable 

heavy CDR sequences. Such antibody variants may be prepared by affinity maturation, e.g., as 

described below. The most preferred humanized antibody comprises the variable heavy domain 

amino acid sequence in SEQ ID N0:4. 

15 The humanized antibody may comprise variable light domain complementarity determining 

residues KASQDVSIGVA (SEQ ID NO:IO); SASYX1X2x3
, where X 1 is preferably R or L, X 2 is 

preferably Y or E, and X 3 is preferably T or S (SEQ ID NO: l l ); and/or QQYYIYPYT (SEQ ID 

NO:l2), e.g. in addition to those variable heavy domain CDR residues in the preceding paragraph. 

Such humanized antibodies optionally comprise amino acid modifications of the above CDR residues, 

20 e.g. where the modifications essentially maintain or improve affinity of the antibody. For example, 

the antibody variant of interest may have from about one to about seven or about five amino acid 

substitutions in the above variable light CDR sequences. Such antibody variants may be prepared by 

affinity maturation, e.g .• as described below. The most preferred humanized antibody comprises the 

variable light domain amino acid sequence in SEQ ID N0:3. 

25 The present application aJso contemplates affinity matured antibodies which bind HE.R2 and 

block ligand activation of a HER receptor. The parent antibody may be a human antibody or a 

humanized antibody, e.g., one comprising the variable light and/or variable heavy sequences of SEQ 

ID Nos. 3 and 4, respectively (i.e. comprising the VL and/or VH of pertuzuntab). The affinity 

matured antibody preferably binds to HER2 receptor with an afiinity superior to that of murine 2C4 

30 or pertuzumab (e.g. from about two or about four fold, to about 100 told or about 1000 fold improved 

affinity, e.g. as assessed using a HER2-extraceJJular domain (ECD) ELISA) . Exemplary variable 

heavy CDR residues for substitution include H28, H30, H34, H35, H64, H96, H99, or combinations 

of two or more (e.g. two, three, four, five, six, or seven of these residues). Examples of variable light 

CDR residues for alteration include L28, LSO, L53, L56, L91, L92, L93, L94, L96, L97 or 

35 combinations of two or more (e.g. two to three, four, five or up to about ten of these residues). 
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Various forms of the humanized antibody or affinity matured antibody are contemplated. For 

example, the humanized antibody or affinity matured antibody may be an antibody fragment, such as 

a Fab, which is optionally conjugated with one or more cytotoxic agent(s) in order to generate an 

immunoconjugate. Alternatively, the humanized antibody or affmity matured antibody may be an 

5 intact antibody, such as an intact lgGl antibody. The preferred intact IgGl antibody comprises the 

light chain sequence in SEQ ID NO: 13 and the lteavy chain sequence in SEQ ID NO:l 4 . 

(iv) Human antibodies 

As an alternative to humanization, human antibodies can be generated. For example, it is 

now possible to produce transgenic animaJs (e.g., mice) that are capable, upon immunization. of 

l 0 producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin 

production. For example. it has been described that the homozygous deletion of the antibody heavy­

chainjoining region (JH) gene in chimeric and germ-line mutant mice results in complete inhibition of 

endogenous antibody production. Transfer of the human germ-line immunoglobulin gene array in 

such germ-line mutant mice will result in the production ofhuman antibodies upon antigen challenge. 

15 See, e.g., Ja!k.obovits et al .• Proc. Natl. Acad. Sci. USA, 90:'2551 (1993); Jakobovits et al .• Nature, 

362:255-258 (1993); Bruggermann et al., Year in Immuno., 7:33 (1993); and U.S. Patent Nos. 

5,591,669. 5,589,369 and 5,545,807. Alternatively, phage display technology (McCafferty et al .• 

Nature 348:552-553 (1990)) can be used to produce human antibodies and antibody fragments in 

vitro, from bnmunoglobulin variable (V) domain gene repertoires from unimmunized donors. 

20 According to this technique, antibody V d0.main genes are cloned in-frame into either a major or 

minor coat protein gene of a filamentous bacteriophage, such as Ml 3 or f'd, and displayed· as 

functional antibody fragments on the surface of the phage particle. Because the filamentous particle 

contains a single-stranded DNA oopy of the phage genome. selections based on the functional 

properties of the antibody also result in selection of the gene encoding the antibody exhibiti11g those 

25 properties. Thus, the phage mimics some of the properties of the B-cell. Phage display can be 

performed in :a variety of formats; for their review see, e.g. , Johnson, Kevin S. and ChisweJJ. David J .• 

Current Op in lon in Structural Biology 3 :564-57 l ( I 993 ). Several sources ofV -gene segments can be 

used for phage display. Clackson et al., Nature, 352:624-628 (1991) isolated a diverse array ofanti­

oxazolone antibodies from a small random combinatorial library ofV genes derived from the spJeens 

30 of immunized mice. A repertoire ofV genes from unimmunized human donors can be constructed 

and antibodies to a diverse array of antigens (including self-antigens) can be isolated essentially 

following the techniques dcscnbed by Marks et al.,J. Mol. Biol. 222:581-597 (1991), or Griffith et 

al., EMBO J. 12:725-734 (1993). See. also, U.S. Patent Nos. 5,565,332 and 5,573,905. 

As d iiscussed above, human antibodies may also be generated by in vitro activated B cells 

35 (see U.S. Patents S,567,610 and 5,229,275). 
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Hupum HER2 antibodies are described in U.S. Patent No. S, 772,997 issued June 30, 1998 and 

WO 97/00271 published January 3, 1997. 

(v) Antibody fragments 

Various techniques have been developed for the production of antibody fragments comprising 

5 one or more antigen binding regions. Traditionally, these fr.1gments were derived via proteolytic 

digestion of" intact antibodies (see, e.g., Morimoto et al. , Journal of Biochemical and Biophysical 

Methods 24: 107-1 l 7 (1992); and Brennan et al., Science. 229:81 (1985)). However, these fragments 

can now be produced directly by recombinant host cells. For example, the antibodyftagrnentscan be 

isolated from the antibody phage libraries discussed above. Alternatively, Fab'-SH fragments can be 

10 directly recovered from E. coli and chemically coupled to form F(ab')2 fragments (Carter et al .. 

Bio/fe<-:hnology 10:163-167 (1992)). According to another approach, F(ab')a fragments can be 

isolated directly from recombinant host cell culture. Other techniques for the production of antibody 

fragments will be apparent to the skined practitioner. In other embodiments., the antibody of choice is 

a single chain Fv fragment (scFv). See WO 93/16185; U.S. Patent No. 5,571,894; and U.S. Patent 

15 No. 5,587,458. The antibody fTagment may also be a AJinear antibody®. e.g., as described in U.S. 

Patent 5,641,870 for example. Such linear antibody fTagments may be rnonospecific or bispecific . . 

(vQ f.Jispecific antibodies 

Bispecific antibodies are antibodies that have binding specificities for at least two different 

epitopes. Exemplary l>ispecillc antibodies may bind to two different epitopes of the HER2 protein. 

20 Other such antibodies may combine aHER2 binding site with bindingsite(s) for EGFR,HER3 and/or 

HER4. Alternatively, a HER2 arm may be combined with an ann which binds to a niggering 

molecule en a leukocyte such as a T-cell receptor molecule (e.g . CD2 or CD3), or Fe receptors for 

IgG (FcyR). such as FcyRl (CD64), FcyRil (CD32) and FcyRIII (CD16) so as to focus cellular 

defense mechanisms to the HER2-expressing cell. Bispeciflc antibodies may also be used to localize 

25 cytotoxic agents to cells which express HER2. These antibodies possess a HER2-binding ann and an 

atm which binds the cytotoxic agent (e.g. saporin, anti-interferon-<t, vinca alkaloid, ricin A chain, 

methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as full length 

antibodies or antibody fragments (e.g. F(ab')i bispecific antibodies). 

WO 96/16673 describes a bispecific HER2/FcyR1II antibody and U.S. Patent No. 5,837,234 

30 discloses a bispecific HER2/FcyRl antibody IDMl (Osidem). A bispecific HER2/Fca. antibody is 

shown in W098/02463. U.S. PatentNo. 5 ,821,337 teachesabispecificHER2fCD3 anti.body. MDX-

210 ls a bispeci-ficHER2-FcyRill Ab. 

Methods fur making bispecific antibodies are known in the art. Traditional production of full 

length bispecific antibodies is based on the coexpression of two immunog(obulin heavy chain-light 

35 chain pairs, where the two chains have different specificities (Millstein et al., Nature, 305:537-539 

(1983)). Because of the random assortment of immunoglobuJin heavy and -light chains, these 
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hybridomas (quadromas) produce a potential mixture of l 0 different antibody molecules, of which 

only one has. the correct bispecific structure. Purification of the correct molecule, which is usually 

done by affinity chromatography steps. is rather cumbersome, and the product yields are low. Similar 

procedures are disclosed in WO 93/08829, and in Traunecker et al .. EMBO J., 10:3655-3 659 (1991). 

5 According to a different approach, antibody variable domains with the desired binding 

specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain 

sequences. The fusion preferably is with an immunoglobulin heavy chain constant domain, 

comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first beavy­

chain constant region (CHl) containing the site necc:ssary for light chain binding, present in at least 

l O one of the fusions. DNAs encoding the immunoglobu Jin heavy chain fusions and, if desired. the 

immunoglobulin light chain, arc inserted into separate expression vectors, and are co-transfected into 

a suitable host organism. This provides for great flexibility in adjusting the mutual proportions of the 

three polypeptide fragments in embodiments when unequal ratios of the three polypeptide chains used 

in the construction provide the opti!Jlum yields. It is, however, possible to insert the coding 

I 5 sequences for two or all three polypeptide chains in one expression vector when the expression of at 

least two polypeptide chains in equal ratios results in high yields or when the ratios are of no 

particular significance. 

In a preferred embodiment of this approach, the bispecific antibodies are composed of a 

hybrid immunoglobulin heavy chain with a first binding specificity in one ann. and a hybrid 

20 immunogiobulin heavy chain-light chain pair (providing a second binding specificity) in the otht:r 

arm. It was found that this asymmetric structure facilitates the separation of the desired bispecific 

compovnd from unwanted immunoglobulin chain combinations, as the presence of an 

irrununoglobulin light chain in only one half of the bispccific molecule provides for a facile way of 

separation. This approach i.s disclosed in WO 94/04690 .. For further details of generating bispecific 

25 antibodies see, for example, Suresh et al., Methods in Enzymology, l 21;2J0 (1986). 

According to another approach described in U.S. Patent No. 5, 731, 168, the interface bet\veen 

a pair of antibody molecules can be engineered to maximize the percentage ofheterodime_rs which are 

recovered from recombinant cell cu I tu re. The preferred interface comprises at least a part of the CH3 

domain of an antibody constant domain. In this method, one or more small amino acid side chains 

30 from the interface of the first antibody molecule are replaced with larger side chains (e.g. tyrosine or 

tryptophan). Compensatory "cavities" of identical or similar size to the largo side chain(s) are created 

on the interface of the second antibody molecule by replacing lacge amino acid side chains with 

smaller ones (e.g. alanine or threonine). T11is provides a mechanism for increasing the yield of the 

heterodimer over other unwanted end-products such as homodimers. 

35 Bispecific .antibodies include cross-linked or "heteroconjugate" antibodies. For example, one 

of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such antibodies 
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have. for example, been proposed to target immune system cells to unwanted cells (U.S. Patent No. 

4,676,980). and for treatment of 1-flV infection (WO 91/00360, WO 921200373, and EP 03089). 

Heteroconjugate antibodies may be made using any convenient cross-linking methods. Suitable 

cross-linking agents are well known in the art, and are disclosed in U.S. Patent No. 4,676,980, along 

5 with a number of cross-linking techniques. 

Techniques for generating bispecific antibodies from antibody fragments have also been 

described in the literature. For example~ bis~ecific antibodies can be prepared using chemical 

linkage. Brennan et al., Science, 229: 81 (1985) describe a procedure wherein intact antibodies are 

proteolytically cleaved to generate F(ab')l fragments. Th"5e fragments are reduced in the presence of 

l 0 the dith iol complexing agent sodium arsenite to stabilize vicinal dithiols and prevent intermolecular 

disulfide formation. The Fah' fragments generated are then converted to thionitrobenzoate (rNB) 

derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'~thiol by reduction with 

mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-TNB derivative to form 

the bispecific antibody. The bispecific antibodies produced can be used as agents for the selective 

15 immobilization of enzymes. 

Recent progress has facilitated the directrecovery ofFab'-SH fragments from E.coli, which 

can be chemicaJly coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med., 175: 2 l 7-225 

(1992) describe the production of a fully humanized bi specific antibody F(ab')2 molecule. Each Fab' 

fragment was separately secreted from E . coli and subjected to directed chemical coup Jing in vitro to 

20 form the bispecific antibody. The bispecific antibody thus formed was able to hint.I to cells 

overexpressing the HER2 receptor and nonnal human T cells, as well as trigger the Iytic activity of 

human cytotoxic lymphocytes against human breast tumor targets. 

Various techniques for making and isolating bispecific antibody fragments directly from 

recombinant ct:IJ culture have also been described. For example, bispecific antibodies have been 

25 produced usingleucinezippers. Kostelnyetal.,J. Emmunol., 148(5):1547-1553 (1992). Theleucine 

zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two different 

antibodies by gene fusion. The antibody homodimers were reduced at the hinge region to form 

monomers and thence-oxidized to form the antibody heterodimers. This method can also be utilized 

for the production of antibody homodimers. The "diabody" technology described by Hollinger et al., 

30 Proc. Natl. A cad. Sci. USA. 90;6444-644 8 (1993) has provided an alternative mechanism for making 

bispecific antibody fragments. The fragments comprise a heavy-chain variable domain (VH) 

connected to a light-<:hain variable domain (Vi.) by a linker which is too short to allow pairing 

between the two domains on the same chain. Accordingly, the V8 and V 1, domains of one :fragment 

are focced to pair with the complementary V L and V H domains of another :fragment, thereby formi:i:ig 

35 two antigen-binding sites. Another strategy for making bispecific antibody fragments by the use of 
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single-chain Fv (sFv) dimers bas also been reported. Sec Gruber et al., J. lmmunol., 152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example. trispecific 

antibodies can be prepared. Tutt eta!. .I. lmmunol. 147: 60 (1991). 

(vii) Other amino acid sequence modifications 

Amino acid sequence modification(s) of the antibodies described herein are contemplated. 

For example, it may be desirable to improve the binding affinity and/or other biological properties of 

the antibody. Amino acid sequence variants ofthe antibody are prepared by introducing appropriate 

nucleotide changes into the antibody nucleic acid, or by peptide synthesis. Such modifications 

I 0 include, for example, deletions from, and/or insertions into and/or substitutions of, residues within the 

amino acid sequences of the antibody. Any combination of deletion, insertion, and substitution is 

15 

made to arrive at the final construct, provided that the final construct possesses the desired 

characteristics. The amino acid changes also may alter post-translational processes of the antibody. 

such as changing the number or position of glycosylation sites. 

A useful method for identification of certain residues or regions of the antibody that are 

preferred locations for mutagenesis is called "alanine scanning mutagenesis« as described by 

Cunningham and Wells Science, 244:1081-1085 {1989). Here, a residue or group of target residues 

are identified (e.g., charged residues such as arg. asp, his, lys. and glu) and replaced by a neutral or 

negatively charged amino acid (most preferably alanine or polyalanine) to affect the interaction of' 

20 the amino acids with antigen. Those amino acid locations demonstrating functional sensitivity to the 

substitutions then are refined by introducing further or other variants at, or for, the sites of 

substitution. Thus, while the site for introducing an amino acid sequence variation is predetermined, 

the nature of the mutation per se need not be predetermined. For example, to analyze the 

performance of a mutation at a given site. ala scanning or random mutagenesis is conducted at the 

25 target codon or region and the expressed antibody variants are screened for the desired activity. 

Amino acid sequence insertions include amino- and/or carboxyl-tenninal fusions ranging in 

length from one residue to polypeptides containing a hundred or more residues, as well as 

intrasequence insertions of' single or multiple amino acid residues. Examples of terminal insertions 

include a.ntiboqy with an N-terminal methionyl residue or the antibody fused to a cytotoxic 

30 polypeptide. Other insertional variants of the antibody molecule include the fusion to the N- or C­

terminus of the antibody to an enzyme (e.g. for ADEPT) or a polypeptide which increases the serum 

half-life of the antibody. 

Another type of variant is an amino acid substitution variant. These variants have at least one 

amino acid residue in the antibody molecule replaced by a different residue. The sites of greatest 

35 interest for substitutional mutagenesis include the hypervariable regions, but FR alterations are also 

contemplated. Conservative substitutions are shown in Table l under the heading of "preferred 
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substitutions". If such substitutions rosult in a change in biological activity, then more subst:antiat 

changes, denominated "exemplary substitutions" in Table I, or as further descri.bed below in 

reference to amino acid classes. may be introduced and the products screened. 

Tablet 

Original Exemplary Preferred 
~esidue Su bstitu rions Substitutions 
Ala(A) Val; Leu; Ile Val 

Arg (R) Lys; Gin; Asn Lys 

Asn (N) GJn; His; Asp, Lys; Arg Gln 

Asp (D) Glu; Asn Glu 

Cys(C) Ser; Ala Ser 

Gln(Q) Asn; Olu Asn 

Glu (E) Asp; Gfn Asp 

Gly (G) Ala Ala 

His (H) Asn; GJn; Lys; Arg Arg 

rte (I) Leu; Val; Met; Afa; Leu 
Phe; Norleucine 

Leu {L) .Norieucine; Ile; Val; lle 
Met; Ala; Phe 

Lys (K) Arg; GJn; Asn Arg 

Met (M) Leu; Phe; Ile Leu 

Phe {F) Ttp; Leu; Val; Ile; Ala; Tyr Tyr 

Pro (P) Ala Ala 

Ser (S) Thr Thr 

Thr(f) . Val; Ser Ser 

Trp (W) Tyr; Phe Tyr 

Tyr(Y) Trp; Phe; Thr; Ser Pht: 

Val (V) lie; Leu; Met; Phe; Leu 
Ala; Nodeucine 

S\lbstantial modifications in the biological properties of the antibody are accomplished by 

selecting substitutions that differ significantly in their effect on maintaining {a) the structure of the 

l 0 polypeptide backbone in the area oftbe substitution, for example, as a sheet or belical conformation, 

(b) the charge or hydrophobicity of the molecule at the target site, or (c) the bulk of the side ch~in. 

Amino acids may be grouped according to simiuirities in the properties of their side chains (in A. L. 

Lehninger, in Biochemistry, second ed., pp. 73·75, Worth Publishers, New York (1975)): 
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(1) non-polar: Ala (A), Val (V), Leu (L), Ile (I). Pro (P), Phe (F). Trp (W), Met (M) 

(2) uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Tyr (Y). Asn (N), Gin (Q) 

(3) acidic: Asp (D). Glu (E) 

(4) basic: Lys (K), Arg (R), His(H) 

Alternatively, naturally occurring residues may be divided into groups based on common 

side-chain properties: 

(1) hydrophobic: NorJeucine, Met, Ala, Val. Leu, He; 

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin; 

(3) acidic: Asp, Glu; 

(4) basic: His, Lys, Arg; 

(5) residues that influence chain orientation: Gly, Pro; 

(6) aromatic: Trp, Tyr, Phe. 

Non-conservative substitutions wilt entail exchanging a member of one of these classes for 

another class. 

Any cysteine residue not involved in maintaining the proper conformation of the antibody 

also may be substituted, generally with serine, to improve the oxidativestabiJity ofthemoJecule and 

prevent aberrant crosslinking. Conversely, cysteine bond(s) may be added to the antibody to improve 

its stability (particularly where the antibody is an antibody fragment such as an Fv fragment). 

A particularly preferred type of' substitutional variant involves substituting one or more 

20 hypervariable region residues of a parent antibody (e.g. a humanized or human antibody). Generally. 

the resulting variant(s) selected for further development will have improved biological properties 

relative to the parent antibody .from which they are generated. A convenient way for generating such 

substitutional variants involves affinity maturation using phage display. Briefly, several 

hypervariable region sites (e.g. 6-1 sites) a.re mutated to generate all possible amino substitutions·at 

25 each site. The antibody variants thus generated are displayed in a monovalent fashion from 

fiJamentous phage particles as fusions to the gene III product ofM13 packaged within each particle. 

The phage-displayed variants are then screened for their biological activity {e.g. binding affinity) as 

herein disclosed. In order to identify candidate hypervaliable region sites for modification. alanine 

scanning mutagenesis can be performed to identify hypervariable region residues contributing 

30 significantly to antigen binding. Alternatively, or additionally. it may be beneficial to analyze a 

crystaJ structure ofthe antigoo-antibody complex to identify contact points between the antibody and 

human HER2. Such contact residues and neighboring residues are candidates for substitution 

according to the techniques elaborated herein. Once such variants are generated, the panel of variants 

is subjected to screening as described herein and antibodies with superior properties in one or more 

35 relevant assays may be selected for funher development. 
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Another type of amino acid variant oftbe antibody alters the original glycosylation pattem of 

the antibody. By altering is meant deleting one or more carbohydrate moieties found in the antibody, 

and/or adding one or more glycosylation sites that are not present in the antibody. 

Glycosylation of antibodies is typically either N-linked or 0-linked. N-linked refers to the 

5 attachment of the carbohydrate moiety to the side chain of an asparagine resid\le. The tripeptide 

sequences asparagine-X-serine and asparagine-X-threonine, where X is any amino acid except 

pro line, are the recognition sequences for enzymatic attachment of the carbohydrate moiety to the 

asparagine side chain. Thus, the presence of either of these tripeptide sequences in a polypeptide 

creates a potential glycosylation site. 0-linked glycosylation refers to 1he attachment of one of the 

10 sugars N-aceylgalactosamine. galactose. or xylose to a hydroxyamino acid, most commonly serine or 

threonine, although 5-hydroxyproline or 5-hydrox.ylysine may also be used. 

Addition of glycosylation sites to the antibody is conveniently accomplished by altering the 

amino acid sequence such that it contains one or more of the above-described tripeptide sequences 

(for N-linked glycosy1ation sites). The alteration may also be made by the addition of, or substitution 

15 by. one or more serine or threonine residues to the sequence of the original antibody (for 0-linked 

glycosylation sites). 

Where the antibody comprises an Fe region, the carbohydrate attached thereto may be altered. 

For example> antibodies with a mature carbohydrate structure that lacks fucose attached to 81\ Fe 

region of the antibody are described in US Pat Appl No US 2003/0157108 Al, Presta, L.' See also US 

20 2004/00936211 Al (Kyowa Hakko Kogyo Co., Ltd). Antibodies with a bisecting N­

acetylglucosamine (GlcNAc) in the carbohydrate attached to an Fe region of the antibody are 

referenced in W003/011878, Jean-Mairet et al. and US Patent No. 6,602,684, Umana et al. 

Antibodies with at least one galactose residue in the oligosaccbaride attached to an Fe region of the 

antibody are reported in W097/30087, Patel et al. See, also, W-098/58964 (Raju. S.) and 

25 W099/22764 (Raju, S.) concerning antibodies with altert-.d carbohydrate attached to the Fe region 

there:ot: 

It may be desirable to modify the antibody of the invention with respect to effector 

function, e.g. so as to enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or 

complement dependent cytotoxicity (CDC) of the antibody. This may be achieved by introducing 

30 one or more amino acid substitutions in an Fe region of the antibody. Alternatively or 

additionally, cysteine residue(s) may be introduced in the Fe region, thereby allowing \nterchain 

disulfide bond formation in this region. The homodimeric antibody thus generated may have 

improved internalization capability and/or increased complement-mediated cell ki11ing and 

antibody-dependent cellular cymtoxicity (ADCC). See Caron et al.,J. Exp Med. 176:1191-1195 

35 (1992) and Shapes. B. J. lmmunol. 148:2918-2922 (1992). Homodimeric antibodies with 

enhanced anti-tumor activity may also be prepared using heterobifunctional cross-linkers as 
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described in Wolff et al. Cancer Research 53 :2560-2565 (1993). Alternatively, an antibody c~ 

be engineered which has dual Fe regions and may thereby ha"e enhanced complement lysis and 

ADCC capabilities. See St:evenson et al. Anti-Cancer Drug Design 3 :219-230 (1989). 

W000/42072 (Presta, L.) describes antibodies with improved ADCC function in the 

5 presence of human effector cells, where the antibodies comprise amino acid substitutions in the 

Fe region thereof. Preferably, the antibody with improved ADCC comprises substitutions at 

positions 298, 333, and/or 334 of the Fe region (Eu numbering of residues). Preferably the altered 

Fe region is a human JgG l F c region comprising or consisting of substitutions at one, two or three 

of these positions. Such substitutions are optionally combined witb.substitution(s) which increase 

10 Clq binding and/or CDC. 

Antibodies with altered Cl q binding and/or complement dependent cytotoxicity (CDC) 

ar-e described in W099/51642, US Patent No. 6,194,551Bl, US Patent No. 6,242,195Bl, US 

Patent No. 6,528,624Bl and US Patent No. 6,538,124 (ldusogie et aL). The antibodies comprise 

an amino acid substitution at one or more of amino acid positions 270, 322, 326, 327, 329, 313, 

15 333 and/or 334 of the Fe region thereof (Eu numbering of residues). 

To increase tf1e serum halflif'e of the antibody, one may incorporate a salvage receptor 

binding epitope into the antibody (especially an antibody fragment) as described in US Patent 

5, 739,277, for example. As used herejn, the term "salvage r:eceptor binding epitope" refers to an 

epitope of the Fe region of an lgG molecule (e.g., IgG 1, lgG2, IgG3, or IgG4) that is responsible for 

20 increasing the in vivo serum half-life of the lgG molecule. 

Antibodies with improved binding to the neonatal Fe receptor (FcRn), and increased half­

Jives, are described in W000/42072 (Presta, L.) and U:S200S/0014934Al (Hinton eta!.). These 

antibodies comprise an Fe region with one or more substitutions therein which improve binding of 

the Fe region to FcRn. For example, the Fe region may have substitutions at one or more of" 

25 positions 238, 250, 256, 265, 272, 286, 303, 305, 30'7, 31 J, 312, 314, 317, 340, 356, 360, 362, 

376, 378, 380, 382, 413, 424, 428 or 434 (Eu number ing of residues). The preferred Fe region­

comprising antibody variant with improved FcRn binding comprises amino acid substitutions at 

one, two or three of positions 307, 380 and 434 oftbe Fe region thereof(Eu numbering of 

residues). 

30 Engineered antibodies with three or more (prefe~bly four) functional antigen binding sites 

are also contemplated (US Appln No. US2002/0004587 Al, Miller et al.). 

Nucleic acid molecules encoding amino acid sequence variants ofthe antibody are 

prepared by a variety of methods known in the art. ·These methods include, but are not limited to, 

isolation from a natural source (in the case of naturally occurring amino acid sequence variants) or 

35 preparation by oligonucJeotide-rnediated (or site-directed) mutagenesis, PCR mutagenesis, and 

cassette mutagenesis of an earlier prepared variant or a non~variant version of the antibody. 
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(vitlj Screening far antibodies with the desired properties 

Techniques for generating antibodies have been described above. One may further select 

antibodies with certain biological characteristics. as desired. 

To identify an antibody which blocks ligand activation of a HER receptor, the ability of 

5 t11e antibody to block HER ligand binding to cells expressing the HER receptor (e.g. in 

conjugation with another HER receptor with which the HER receptor ofinterest forms a HER 

hetero-oJigomer) may be determined. For example. cells naturally expressing, or transfected to 

express, HER receptors oftbe HER hetero-oligomer may be incubated with the antibody and then 

exposed to labeled HER ligand. The ability of the antibody to block ligand binding to the HER 

10 receptor in the HER hetero-oligomer may then be evaluated. 

For example, inhibition of HRG binding to MCF7 breast tumor cell Jines by HER2 

antibodies may be performed using monolayer MCF7 cultures on ice in a 24-well-pl.ate format 

essentially as described in US Patent No. 6,949,245. HER2 monoclonal antibodies may be added 

to each well and incubated for 30 minutes. 1251-labeled rHRGIH 177-224 (25 pm) may then be 

15 added, and the incubation may be continued for4 to 16 hours. Dose response curves may be 

prepared and an rcso value may be calculated for the antibody of interest. In one embodiment, 

the antibody which blocks ligand activation of a HER receptor will have an ICSO for inhibiting 

HRG binding to MCF7 cells in this assay of about 50nM or less, more preferably 1 OnM or less. 

Where the antibody is an antibody ~ent such as a Fab fragment, the ICSO for inhibiting HRG 

20 binding to MCF7 cells in th is assay may, for example, be about l OOnM or Jess, more preferably 

SOnM or less. 

Alternatively, or additionalJy, the ability of an antjbody to block HER Jigand-stimulated 

tyrosine phosphorylation of a HER receptor present in a HER hete.ro-oligomer may be assessed. 

For example, cells endogenously expressing the HER receptors or transfected to expressed them 

25 may be incubated with the antibody and then assayed for HER ligand-dependent tyrosine 

phosphorylation activity using an anti-phosphotyrosine monoclonal (which is optionally 

conjugated with a detectable label). The kinase receptor activation assay described in U.S. Patent 

No. 5 ,766,863 is also available fur determining HER z-eceptor activation and blocking of that 

activity by an antibody. 

30 In one embodiment, one may screen for an antibody which inhibits HRG stimulation of 

pl 80 tyrosine phosphorylation in MCF7 cel~s essentially as described in US Patent No. 6,949,245. 

For ex.ample, the MCF7 cells may be plated in 24-well plates and monoclonal antibodies to 

HER2 may be added to each well and incubated for 30 minutes at room temperature; then 

rHRG#H 117•244 may be added to each well to a f'mal concentration of0.2 nM, and the incubation 

35 may be continued for 8 minutes. Media may be aspU:ated from each we!~ and reactions may be 

stopped by the addition of l 00 µI of SDS sample buffer (5% SOS, 25 mM DTT, and 25 mM Tris-
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HCI, pH 6.8). Each sample (25 µl) may be electrophoresed on a 4-12% gradient gel (Novex) and 

then e!ectrophoretically transferred to polyvinylidene difluoride membrane. Antiphosphotyrosine 

(at l µglml) imm~noblots may be developed, and the intensity of the predominant reactive band at 

MT-180,000 may be quantified by reflectance densitometry. The antibody selected will 

5 preferably significantly inhibit HRG stimulation of pl 80 tyrosine phosphorylation to about 0-35% 

of control in this assay. A dose-response curve for inhibition ofHRG stimulation of pl 80 tyrosine 

phosphorylation as determined by reflectance densitometry may be prepared and an IC.so for the 

antibody of interest may be calculated. In one embodiment, the antibody which blocks ligand 

activation ofa HER receptor will have an IC50 for inhibiting HRG stimulation of pl 80 tyrosine 

19 phosphorylation in this assay of about SOnM or less, more preferably 1 OnM or less. Where the 

antibody is an antibody fragment such as a Fab fragment, the ICso for inhibiting HRG stimulation 

of pl 80 tyrosine phosphorylation in this assay may. for example, be about 1.00nM or less.. more 

preferably 50nM or less. 

One may also assess the growth inhibitory effects of the antibody on MDA-MB-175 cells, 

15 e.g, essentially as descr.ibed in Schaefer et al. Oncogene 15:1385-1394 (1997). According to this 

assay, MDA-MB-175 cells may be treated with a HER2 monoclonal antibody (1 Oµg/mL) for 4 

days and stained with crystal violet. Incubation with a HER2 antibody may show a growth 

inhibitory effect on this cell line similar to that displayed by monoclonal antibody 2C4. In a 

further embodiment. exogenous HRG will not significantly reverse this inhibition. Preferably, the 

20 antibody will be able to inhibit cell proliferation of MDA-MB-175 cells to a g reater extent than 

monoclonal antibody 405 (and optionally to a greater extent than monoclonal antibody 7F3), both 

in the presence and absence of exogenous HRG. 

In one embodiment, the HER2 antibody of interest may block heregu1in dependent 

association of HER2 with HER3 in both MCF7 and SK-BR-3 cells as determined in a co-

25 immunoprecipitation experiment such as that described in US Patent No. 6,949,245 substantially 

more effectively than monoclonal antibody 405, and preferably substantially more effectively 

than monoclonal antibody 7F3. 

To identify growth inhibitory HER2 antibodies, one may screen for antibodies which 

inhibit the growth of cancer cells which overexpress HBR2. In one embodiment, the growth 

30 inhibitory antibody of choice is able to inhibit growth of SK-BR-3 cells in cell culture by about 

20-100% and preferably by about 50-100 % at an antibody concentration of about 0.S ro 30 µgfml. 

To identify such antibodies, the SK-BR-3 assay described in U.S. Patent No. 5,677, 171 can be 

performed. According to this assay, SK-BR-3 cells are grown in a 1 :1 mixture ofF12 and 

DMEM medium supplemented with 10% fetal bovine serum, gluta.mine and penicillin 

35 streptomycin. The SK-BR-3 cells are plated at 20,000 cells in a 35mm cell culture dish 

(2mls/35mm dish). 0.5 to 30 µg/ml of the HER2 antibody is added per dish. After six days, the 
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number of cells, compared to untreated cells are counted using an eleclronic COULTER™ cell 

counter. Those antibodies which inhibit grov.rth of the SK-BR-3 cells by about 20-100% or about 

50-100% may be selected as growth inhibitory antibodies. See US Pat No. 5,677,171 for assays 

for screening for growth inhibitory antibodies, such as 405 and 3E8. 

5 In order to select for antibodies which induce apoptosis, an annexin binding assay using 

BT474 cells is available. The BT474 cells are cultured and seeded in dishes as discussed in the 

preceding paragraph. The medium is then removed and replaced with fresh medium alone or 

medium containing l Oµg/ml of the monoclonal antibody. Following a three day incubation 

period, mon.olayers are washed with PBS and detached by trypsinization. Cells are then 

1 O centrifuged, resuspended in Ca~ binding buffer and aliquoted into tubes as discussed above for 

the cell death assay. Tubes then receive labeled annexin (e.g. annexin V-FTIC) (lµg/ml). 

Samples may be analyzed using a FACSCAN™ flow cytometer and FACSCONVERTTM 

CellQuest software (Becton Dickinson). Those antibodies which induce statistically significant 

levels of annexin binding relative to control are selected as apoptosis-inducing antibodies. In 

15 addition to the annexin binding assay, a DNA staining assay using BT474 cells is available. ln 

order to perform this assay, BT474 cells which have been treated with the antibody of interest as 

described in the preceding two paragraphs are incubated with 9µg/ml HOECHST 3334zrw for 2 hr 

at 37°c. then .analyzed on an EPICS ELITE™ flow cytometer (Coulter Corporation) using 

MODFJT LT™ software (Verity Software House). Antibodies which induce a change in the 

20 percentage of apoptotic cells which is 2 fold or greater (and preferably 3 fold or greater) than 

untreated ce11s (up to 100% apoptotic cells) may be selected as pro-apoptotic antibodies using this 

assay. See W098/I 1797 for assays for screening for antibodies which induce apoptosis, such as 

7C2 and 7F3. 

To screen for antibodies wbich bind to an epitope on HER2 bound by an antibody of 

25 interest, a routine cross-blocking assay such as that described in Antibodies, A Laboratory 

Manual. Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be perfonned to 

assess whether the antibody cross-blocks binding of an antibody, such as 2C4 or pertuzumab, to 

HER2. Alternatively. or additionally, epitope mapping can be performed by methods known in 

the art and/or one can study the antibody-HER2 structure (Franklin et al. Cancer Cell 5:317-328 

30 (2004)) to see what domain(s) ofHER2 is/are bound by the antibody. 

(ix) Pertu.zumab compositions 

ln one embodiment of a HER2 antibody composition, the composition comprises a 

mixture of a. main species pertuzurnab antibody and one or more variants thereof. The preferred 

embodiment herein of a pertuzumab main species antibody is one comprising the variable light 

35 and variable heavy amino acid sequences in SEQ lD Nos. 3 and 4, and most preferably 
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comprising a light chain amino acid seqll:ence selected from SEQ ID No. 13 and 17, and a heavy 

chain amino acid sequence selected from SEQ ID No. i4 and 18 (including deamidated and/or 

oxidized variants of those sequences). In one embodiment. the composition comprises a mixture 

of the main species pertuzumab antibody and an amino acid sequence variant thereof comprising 

5 an amino-terminal leader extension. Preferably, the amino-terminaJ leader extension is on a light 

chain of the antibody variant (e.g. on one or two light chains of the antibody variant). The main 

species HER2 antibody or' the antibody variant may be an full length antibody or antibody 

fragment (e.g. Fab ofF{ab=)2 fi:agments), but preferably both are full length antibodies. The 

antibody variant herein may comprise an amino-terminal leader extension on any one or more of 

10 the heavy or light chains thereof. Preferably, the amino-tenninaJ leader extension is on one or 

two light chains of the antibody. The amino-terminal leader extension preferably comprises or 

consists of VHS-. Presence of the amino-tenninal leader extension in the composition can be 

detected by various analytical techniques including, but not limited to. N-terminal sequence 

analysis, assay for charge heterogeneity (for instance, cation exchange chrQmatography or 

15 capillary zone electrophoresis), mass spectrometry, etc. The amount of the antibody variant in the 

composition generally ranges from an amount that constitutes the detection Jim it of any assay 

{preferably N-tenninal sequence analysis) used to detect the variant to an amount less than the 

amount of the main species antibody. Generally, about 20% or less (e.g. from about 1% to about 

15%, for instance from 5% t.o about 15%) of the antibody molecules in the composition comprise 

20 an amino-terminal leader extension. Such percentage amounts are. preferably determined using 

quantitative N-terminaJ sequence analysis or cation exchange analysis (preferably using a high­

resolution, weak cation-exchange column, such as a PROP AC WCX-1 OTM cation exc~ange 

column). Aside from 1he amino-terminal leader ex.teasion variant, further amino acid sequence 

alterations of the main species .antibody and/or variant are contemplated, including but not limited 

25 to an antibody comprising a C-terminal lysine residue on one or both heavy chains thereof, a 

deamidated antibody variant, etc. 

Moreover, the main species antibody or variant may further comprise glycosylation 

variations, non-limiting examples of which include an ti body comprising a G 1 or G2 

oligosaccharide structure attached to the Fe region thereof. antibody CO!Dprising a carbohydrate 

30 moiety attached to a light chain thereof (e.g. one or two carbohydrate moieties, such as glucose or 

galactose, attached to one or two light chains of the antibody, for instance attached to one or more 

lysine residues). antibody comprising one or two non-glycosylated heavy chains, or antibody 

comprising a sialidated oligosaccharide attached to one or two heavy chains thereof etc. 

The composition may be recovered from a genetically engineered cell line, e.g. a Chiuese 

35 Hamster Ovary (CHO) cell line expressing the HER2 antibody, or may be prepared by peptide 

synthesis. 
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(x) Jmmunoconjugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated to a 

cytotoxic agent such as a chemotherapeutic agent, toxin (e.g. a smaU molecule toxin or an 

enzymatically active toxin of bacterial. funga1. plant or animat'origin, including fragments and/or 

5 variants thereof), or a radioactive isotope (i.e., a radioconjugate). 

Chemotherapeutic agents useful in the generation ofsucb imrnunoconjugates ha.ve been 

described above. Conjugates of an antibody and one or more small molecule toxins, such as a 

calicheamicin. a maytansine (U.S. Patent No. 5,208.020). a trichothene. and CC1065 are also 

contemplated herein. 

10 In one preferred embodiment of the invention, the antibody is conjugated to one or more 

15 

maytansine molecules (e.g. about I to about 10 maytansine molecules per antibody molecule). 

Maytansine may, for example, be converted to May-SS-Me which may be reduced to May-SH3 

and reacted with modified antibody (Chari et al. Cancer Research 52: 127-13 1 (1992)) to 

generate a maytansinoid-antibody immunoconjugate. 

Another immunoconjugate of interest comprises an antibody conjugated to one or more:= 

calichcamicin molecules. The calicheamicin family of antibiotics are capable of producing 

double-stranded DNA breaks at sub-picomolar concentrations. Structural analogues of 

calicheamicin which may be used include, but are not limited to, y1
1
, o.2

1
• 0.3

1
, N-acetyl-y1

1
, PSAG 

and 01
1 (Hinman et al. Cance1· Research 53: 3336-3342 (1993) and Lode et al. Cancer.Research 

20 58: 2925-2928 (1998)). See, also. US Patent Nos. 5, 714,586; 5, 712,374; 5,264,586; and 

5,773,001 expressly incorporate<! herein by reference. 

Enzymatically active toxins and fragments thereof which can be used include diphtheria 

A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas 

aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii 

25 proteins. dianthin proteins, Phytolaca americana proteins (PAPI, PAP~ and PAP-S), momordica 

charantia inhibitor. curcin. crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, 

phenomycin, enomycin and the tricothecenes. See. for example, WO 93/21232 published October 

28, 1993. 

The present invention further contemplates an immunoconjugate formed between an 

30 antibody and a compound with nucleolytic activity (e.g. a ribonuclease or a DNA endonuclease 

such as a deox.yribonuclease; DNase). 

A variety of radioactive isotopes are available for the production ofradioconjugated 

HER2 antibodies. Examples include At211
, 1131

, 1125
, "¥9°, R e 186

, Re188
, Sm 153

, Bi212
, P32 and 

radioactive isotopes of Lu. 

35 Conjugates ofthe antibody and cytotoxic agent may be made using a variety of" 

bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate 
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(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, im inothioJane (IT), 

blfunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such 

as disuccinimidyl suberate), aldehydes (such as glutare1dehyde), bis-azido compounds (such as 

bis (p-azidobenzoyl) hexa.nediamine). bis-diazonium derivatives (such as bis-(p-

5 diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate}. and bis­

active fluorine compounds (such as l ,5-difluoro-2,4-dinitrobenzene). For example, a ricin 

immunotoxin can be prepared as described in Vitetta et al. Science 238: 1098 (1987). Carbon-14-

labeled 1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-OTPA) is an 

exemplary chelating agent for conjugation of radionucleotide to the antibody. See W094/l 1026. 

l 0 The linker may be a Acleavable link.el'® facilitating release of the cytotoxic drug in the cell. For 

example, an acid-labile linker, peptidase-sensitive linker, dimethyl linker or disulfide-containing 

linker (Chari et al. Cancer Research 52: 127-13 I (1992)) may be usc:d. 

15 

Alternatively, a fusion protein comprising the antibody and cytotox.ic agent may be made, 

e.g. by recombinant techniques or peptide synthesis. 

Other immunoconjugates are contemplated herein. For example, the antibody may be 

linked to one ofa variety of"nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene 

glycol, polyoxyalkylenes, or copolymers of polyethylene glycol and polypropylene glycol. The 

antibody also may be entrapped in microcapsules prepared, for example, by coacervatioo 

techniques or by interfacial polymerization (for example, hydroxymethylcellulose or gelatin-

20 microcapsules and poly-(methylmethncylate) microcapsules, respectively), io colloidal drug 

delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles 

and nanocapsules), or in macroemutsions. Such techniques are disclosed in Remington's 

Pharmaceutical Sciences, 16th edition, Oslo, A., Ed., (1980). 

The antibodies disclosed herein may also be formulated as immunoliposomes. 

25 Liposomes containing the antibody are prepared by methods known in the art, such as described 

in Epstein et al. , Proc. Natl. Acad. Sci. USA, 82:3688 (1985); Hwang et al., Proc. Natl Acad. Sci. 

USA, 77:4030 (1980); U.S. Pat. Nos. 4,485,045 and 4,544,545; and W097/38731 published 

October 23. 1997. Liposomes with enhanced circulation time are disclosed in U.S. Patent No. 

5,013,556. 

30 Particularly useful liposomes can be generated by the reverse phase evaporation method 

with a lipid composition comprising phosphatidylcholine., cholesterol and PEG-derivatized 

phosphatidylethanolaminc (PEG-PE). Liposornes are extruded through filters of defined pore size 

to yield liposomc.s wi1h the desired diameter. Fab' fragments of the antibody of the present 

invention can be conjugated to the Jiposomes as described in Martin et al. J. Biol. Chem. 257: 

35 286-288 (1982) via a disulfide interchang~ reaction. A chemotherapeutic agent is optionally 

contained within the liposome. See Gabizon er aL J. National Cancer /nst.81(19)1484 (1989). 
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III. Selecting patients for therapy 

The patient herein is subjected to a diagnostic test prior to therapy. Generally, ifa 

diagnostic test is performed, a sample ?lay be obtained from a patient in need 1?ftherapy. Where 

the subject has cancer, the sample may be a tumor sample, or other biological sample, such as a 

5 biological fluid, including, without limitation, blood, urine, saliva, ascites fluid, or derivatives 

such as blood serum and blood plasma, and the like. 

Where the diagnostic assay is performed on a tumor sample, the tumor sample may be 

from an ovarian cancer, peritoneal cancer, fallopian tube cancer, metastatic breast cancer (l\{.BC), 

non-smaU cell lung cancer (NSCLC), prostate cancer, or colorcctal cancer tumor sample, etc. 

10 The biological sample herein may be a fixed sample, e.g. a formalin fixed, paraffin-embedded 

(FFPE) sample, or a frozen sample. 

Jn one embodiment, the level ofEGF and/or TGF-alpha in the patient is evaluated, 

wherein an elevated level thereof compared to normal leve ts indicates that the patient is a 

candidate fur therapy with a HER dimeri:z.ation inhibitor. Such levels ofEGF and/or TGF-alpha 

15 may be assessed in vivo or in various biological samples taken from the patient. Preferably 

however, the biological sample tested is a serum or plasma sample. 

Various methods for detennining expression of mRNA or protein include, but are not 

limited to, gene expression profiling, polymerase chain reaction (PCR) including quantitative real 

time PCR (qRT-PCR), microarray analysis, serial analysis of gene expression (SAGE), 

20 MassARRAY> Gene Expression Analysis by Massively Parallel Signature Sequencing (MPSS), 

proteomics, immunohistochemistTy (IHC). etc. Preferably mRNA is quantified. Such mRNA 

analysis is preferably performed using the technique of polymerase chain reaction (PCR), or by 

microarray analysis. Where PCR is employed, a preferred form of PCR is quantitative real time 

PCR (qRT-PCR). In one embodiment, expression of one or more of the above noted genes is 

25 deemed positive expression ifit is at the median or above, e.g. compared to other samples of the 

same tumor-type. The median expression level can be determined essentially contemporaneously 

with measuring gene expression, or may have been determined previously. 

The steps of a representative protocol for profiling gene expression using fixed, paraffin­

embedded tissues as the RNA source, including m.RNA isolation, purification, primer extension 

30 and amplification are given in various published journal articles (for example: Godfrey et al . . ! 

Molec. Diagnostics 2: 84-91 (2000); Specht et al., Am. J. Pathol. 158: 419-29 (2001)). Briefly, a 

representative process starts with cutting about 10 microgram thick sections of paraffin-embedded 

tumor tissue samples. The RNA is then extracted, and prorein and DNA are removed After 

analysis of the RNA concentration, RNA repair and/or amplification steps may be included, if 

35 necessary, and RNA is reverse transcribed using gene specific promoters followed by PCR. 
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Finally, the data are analyzed to identify the best treatment option(s) available to the patient on the 

basis of the characteristic gene expression pattern identified in the tumor sample examined. 

A specific serum ELISA bzoassay protocol is provided in Example 1. 

EGF and/or TGF-alpha may also be evaluated using an in vivo diagnostic assay, e.g. by 

5 administering a molecule {such as an antibody) which binds the molecule to be detected and is 

tagged with a detectable label (e.g. a radioactive isotope) and externally scanning the patient for 

localization of the label. 

Aside from evaluation ofEGF and/or 'fGF-afpha, one may determine HER expression or 

amplification in the cancer. Various diagnostic/prognostic assays are available for this. In one 

to embodiment, HER overexpression may be analyzed by IHC, e.g. using the HERCEPTEST® 

(Dako). Parrafin embedded tissue sections from a tumor biopsy may be subjected to the IHC 

assay and accorded a HER2 protein staining intensity criteria. .as follows: 

15 

Score 0 no staining is observed or membrane staining is observed in less than 10% of 

tumor cells. 

Score l + a faint/bare{y perceptible membrane staining is detected in more than 10% of 

the tumor cells. The ceUs are only stained in part of their membrane. 

Score 2+ a weak to moderate complete membrane staining is observed in more than 10% 

of the tumor cells. 

Score 3+ a moderate to strong complete membrane staining is observed in more than 

20 10% of the tumor cells. 

Those tumors with 0 or 1 + scores for HER2 overexpression assessment may be 

characterized as not overexpressing HER2, whereas those tumors wit h 2+ or 3+ scores may be 

characterized as overexpressing HER2. 

Tumors overexpressing HERZ may be rated by immunohistocbemical scores 

25 corresponding to the number of copies ofHER2 molecules expressed per celJ, and can been 

30 

determined biochemically: 

0 = o~] 0,000 copies/cell, 

I+= at least about 200,000 copies/cell. 

2+ "" at least about 500,000 copies/cell, 

3+ = at least about 2,000,000 copies/cell. 

Overexpression ofHER2 at the 3+ JeveJ, which leads to ligand-independent activation of 

the tyrosine kinase (Hudziak. et al., Proc. Natl. Acad. Sci. USA, 84:7159-7163 (\987)), occurs in 

approximately 30% of breast cancers, and in these patients, relapse-free survival and overall 

survival are diminished (Slamon et al., Science, 244:707-712 (1989); Slamon et al., Science, 

35 235:1 77-182 (1987)). 
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Altemativeiy, or additionally, FISH assays such as the INFORM™ (sold by Ventana, 

Arizona) or PA THVlSlONTM (Vysis, Illinois) may be carried out on formalin-fixed, paraffin­

embedded tumor tissue to determine the extent (if any) ofHER2 amplification in the tumor. 

In one embodiment, the cancer will be one which expresses (and may overex.press) 

5 EGFR, such expression may be evaluated as for the methods for evaluating HER2 expression as 

noted above. 

IV. Pharmaceutical Formulations 

Therapeutic formulatlons of the HER dimerlzation inhibitors used in accordance with the 

present invention are prepared for storage by mixing an antibody having the desired degree of 

10 purity with optional pharmaceutically acceptable carriers; excipients or stabilizers (Remington's 

Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), generally in the form of lyophilized 

formulations or aqueous solutions: Antibody crystals are also contemplated (see US Pat Appln 

2002/0136719). Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the 

dosages and concentrations employed, and include buffers such as phosphate. citrate. and other 

15 organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as 

octadecyldimethylbenzyl ammonium chloride; hexarnethonium chloride; benzalkonium chloride, 

benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl 

paraben; catechol; resorcinol; cyclohexanol; 3~pentanol; and m~cresol); low molecular weight 

(less than about I 0 residues) polypeptides; proteins, such as serum aJbumin, gelatin, or 

20 immunoglobulins; hydrophilic polymers such as polyvinylpyrroHdone; amino acids such as 

glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and 

other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; 

sugars such as sucrose, mannit:ol, trehalose or sorbitol; salt-forming counter-ions such as sodium; 

metal complex.es (e.g. Zn-protein complexes); and/or non-ionic surfactants such as TWEEN1 ... 

25 PLURONICS™ or polyethylene glycol (PEG). Lyophilized antibody formulations are described 

in WO 97/04801, expressly incorporated herejn by reference. 

The preferred perruzumab formulation for therapeutic use comprises 30mglmL 

pertuzumab in 2.0mM histidine acetate, I 201!1M sucrose. 0.02% polysorbate 20, at pH 6.0. An 

alternate pertuzumab formulation comprises 25 mg/mL pertuzumab. 10 mM histldine-HC1 buffer, 

30 240 Dll\.1 sucrose, 0.02% polysorbate 20, pH 6.0. 

The formulation herein may also contain more than one active compound as necessary for 

tbe particular indication being treated, preferably those with complementary activities that do not 

adversely affect each other. Various drugs which can be combined with the HER dimerization 

inhibitor are described in the Method Section below. Such molecules are suitably present in 

35 combination in amounts that are effective for the purpose intended. 
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The active ingredients may also be entrapped in mjcrocapsules prepared, for example, by 

coacervation techniques or by inte~acial polymerization, for example, hydroxymetbyfoellulose 

or geJatio-microcapsules and poly·(methylmethacylate) microcapsules, respectively, in colloidal 

drug delivery systems (for example, liposomes, albumin mkrospheres, rnicroemulsions, nano· 

5 particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's 

.Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980). 

Sustained- release preparations may be prepared. Suitable examples of sustained-release 

preparations include semipermeable matrices of solid hydrophobic polymers containing the 

antibody, which matrices are in the form of shaped articles, e.g. films, or microcapsules. 

l 0 Examples of sustained-release matrices include polyesters.. hydro gels (for example, poly(2-

hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), 

copolymers of L-glutamic acid and y ethyl-L-gJutamate, non-degradable ethylene-vinyl acetate, 

degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable 

microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-

15 D-(-)-3-hydroxybutyric acid. 

The formulations to be used for in vivo administration must be sterile. 1l1is is readily 

accomplished by filtration through sterile filtration membranes. 

V. Treatment with HER dimeriza1ion inhibitors 

The invention herein provides a method for extending survival in a cancer patient who 

20 produces an elevated level of EGF and/or TGF-alpha, comprising administering a HER 

dimerization inhibitor to the patient in an amount which extends the patient's survival. 

Preferably, the HER dimerization inhibitor is aHER2 dimerization inhibitor and/or inhibits HER 

beterodimeriz.ation. 

Methods for identify candjdate patients for therapy with a HER dimerization inhibitor 

25 have been discussed in Section ill above. 

Examples of various cancers that can be treated with a HER dimerization inhibitor are 

listed in the definition section above. Preferred cancer indications include ovarian cancer; 

peritoneal cancer; fallopian tube cancer; breast cancer, including metastatic breast cancer (MBC); 

lung cancer, including non-small cell lung cancer (NSCLC); prostate cancer; and colorectal 

30 cancer. In one embodiment, the cancer which is treated is advanci:d, refractory, recurrent, 

chemotherapy-resistant, and/or platinum-resistant cancer. 

Therapy with the HER dimerization inhibitor extends TTP and/or survival. In one 

embodiment, therapy wjth the :HER dimerization inhibitor extends TTP or survival at least about 

5%, or at least lOOA>, or at least 15% or at least 20%, or at least 25% more than TIP or survival 

35 achieved by administering an approved anti-tumor agent, or standard of care, for the cancer being 

treated. 
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In the preferred embodiment, the invention provides a method for extending time to 

disease progression (TIP) or survival in a patient with ovarian, peritoneal, or fallopian tube 

cancer, whose cancer displays HER2 activation, comprising administering pertuzumab to the 

patient in an amount which extends the patient's TIP or survival. The patient may have 

5 advanced, reftactory, recurrent, chemotherapy-resistant, and/or platinum-resistant ovarian, 

peritoneal or fallopian tube cancer. Administration ofpertuzumab to the patient may, for 

example, extend TTP or survival at least about _5%, or at least 10%, or at least 15%, or at Least 

20%, or at least 25% more than TTP or survival achieved by administering topotecan or Iiposornal 

doxorubicin to such a patient. 

10 

15 

20 

The HER dimerization inhibitor is administered to a human patient in accord with known 

methods, such as intravenous administration, e.g .. as a bolus or by continuous infusion over a 

period of time, by intramuscular, intraperitoneal. intracerobrospinal, subcutaneous, intra-articular, 

intrasynovial, intrathecal, ·oral, topical, or inhalation routes. Intravenous administration of the 

antibody is preferred. 

For the prevention or treabnent of cancer, the dose of HER dimerization inhibitor will 

depend on the type ot· cancer tQ be treated, as defined above, the severity and course of the cancer, 

whether the antibody is administered for preventive or therapeutic purposes, previous therapy, the 

patient's clinicaJ history and response to the antibody, and the discretion of the attending 

physician. 

In one embodiment, a fixed dose of HER dimerization inhibitor is administered. The fixed 

dose may suitably be administered to the patient at one time or over a series of treatments. Where 

a rixed dose is administered, preferably it is in the range from about 20mg to about 2000 mg of 

the HER dimerization inhibitor. For ex.ample, the fixed dose may be approximately 420mg. 

approximately 525mg, approximately 840mg, or approximately l OSOmg of the HER dimerization 

25 inhibitor, such as pertuzum.ab. 

Wher-e a series of doses are administered, these may, for example, be administered 

approximately every week, approximately every 2 weeks, approximately every 3 weeks, or 

approximately every 4 weeks, but preferably approximately every 3 weeks. The fixed doses 

may, for example, continue to be administered until disease progression, adverse event, or other 

30 time as determined by the physician. For example, from about two, three, or four, up to about 17 

or more fixed doses may be administered. 

In one embodiment, one or more loading dose(s) of the antibody are administered, 

followed by one or more maintenance dose(s) of the antibody. In another embodiment, a plurality 

of the same dose are administered to the patient. 

35 According to one preferred embodiment of~he invention, a fixed dose of HER 

dimerization inhibitor (e.g. pertuzumab) ot·approx.imately 840mg (loading dose) is administered, 
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followed by one or more doses of approximately 420mg (maintenance dose(s)) of the antibody. 

The maintenance doses are preferably administered about every 3 weeks, for a total of at least two 

doses, up to 17 or more doses. 

According to another preferred embodiment of the invention, one or more fixed dose(s) of 

5 approximately 1050mg ofthe HER dimerization inhibitor (e.g. pertzumah) are administered, for 

example every 3 weeks. According to this embodiment, one, two or more of the fixed doses are 

administered, e.g. for up to one year (17 cycles), and longer as desired. 

In another embodiment. a fixed dose of approximately 1050mg of the HER dimerization 

inhibitor (e.g. pertuz.umab) is administered as a J~ading dose, followed by one or more 

10 maintenance dose(s) of approximately 525mg. About one, two or more maintenance doses may 

be administered to the patient every 3 weeks according to this embodiment. 

While the HER dimerization inhibitor may be administered as a single anti-tumor agent, 

the patient is optionally treated with a combination of the HER dimerization inhibitor, and one or 

more chemotherapeutic agent(s). Preferably at least one of the chemotherapeutic agents is an 

IS · antimetabolite chemotherapeutic agent such as gemci:tabine. The combined administration 

includes coadministration or concurrent administration, using separate fonnulations or a single 

pharmaceutical formulation, and consecutive administration in either order, wherein preferably 

!here is a time period while both (or all) active agents simultaneously exert their biological 

activities. Thus, the antimetabolite chemotherapeutic agent may be administered prior to, or 

20 following, administration of the HER dimerlzation inhibitor. In this embodiment, the timing 

between at least one administration ofthe antimetabolite chemotherapeutic agent and at least one 

administration of the HER dimerization Inhibitor is preferably approximately I month or less, and 

most preferably approximately 2 weeks or less. Alternatively, the antimetabolite 

chemotherapeutic agent and the HER dimerization inhibitor are administered concurrently to the 

2.5 patient, in a single formulation or separate formulations. Treatment with the combination of the 

chemotherapeutic agent (e.g. antimetabolite chemotherapeutic agent such as gemcitabine) and the 

HER dimerization inhibitor (e.g. pertuzumab) may result in a synergistic, or greater than additive, 

therapeutic benefit to the patient. 

An antimetabolite chemotherapeutic agent, if administered, is usually administered at 

30 dosages known therefor, or optionally lowered due to combined action of the drugs or negative 

side effects attributable to administration of the antimctabolite chemotherapeutic agent. 

Preparation and dosing schedules for such chemotherapeutic agents may be used according to 

manufacturers' instructions or as determined empirically by the skilled practitioner. \Vhere the 

antimetabolite chemotherapeutic agent is gemcitabine, preforably, it is administered at a dose 

35 between about 600mg/m2 to 1250mg/m2 (for example approximately 1000mglm2
), for instance, on 

days I and 8 of a 3-wcek cycle. 
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Aside from the HER di01erizatioJ1 inhibitor and antimetabolite chemotherapeutic agent, 

other therapeutic regimens may be combined therewith. For example, a second (third, fo\utb, etc) 

chemotherapeutic agent(s) may be administered, wherein the second chemotherapeutic agent is 

either another, different antimetabolite chemotherapeutic agent, or a chemotherapeutic agent that 

5 is not an antimetabolite. For ex.ample, the second chemotherapeutic agent may be a tax.ane (such 

as paclitaxel or docetaxel). capecitabine, or platinum-based chemotherapeutic agent (such as 

carboplatin, cisplatin, or oxaliplatin), anthracycline (such as doxorubicin, jncluding, liposomal 

doxorubicin), topotcca.n, pemetrexed, vinca alkaloid (such as vinorelbine), and TLK 286. 

ACocktails@ of different chemotherapeutic agents may be administered. 

10 Other therapeutic agents that may be combined with the HER dimerization inhibitor 

include any one or more of: a second, different HER dimerization inhibitor (for example. a growth 

inhibitory HER2 antibody such as trastuzumab, or a HER2 antibody which induces apoptosis of a 

HER2-overexpressing cell, such as 7C2, 7F3 or humanized variants thereof); an antibody directed 

against a different tumor associated antigen, such as EGFR, HER3, HER4; anti-honnonal 

IS compound, e.g., an anti-estrogen compound such as tamoxifen, or an aromatase inhibitor; a 

cardioprotectant (to prevent or reduce any myocardial dysfunction associated with the therapy); a 

cytokine; an EGFR-targeted dn:tg (such as T ARCEV A®, IRESSA® ·or cetuximab); an anti­

angiogenic agent (especially bevacizumab sold by Genentech under the trademark AVASTINTM); 

a tyrosine kinase inhibitor; a COX inhibitor (for instance a COX-1 or COX-2 inhibi~r); non-

20 steroidal anti-inflammatory drug, celccoxib (CELEBREX®); farnesyl transferase inhibitor (for 

example, Tipifarnib/ZARNESTRA TM Rl 15777 available from Johnson and Johnson or Lonafamib 

SCH66336 available from Schering-Plough); antibody that binds onco:fetal protein CA 125 such 

as Oregovomab (MoAb B43.13); HER2 vaccine (such as HER2 AutoVac vaccine from 

Pharmexia, or APC8024 protein vaccine from Dendreon, or HER2 peptide vaccine from 

25 GSK/Corixa); another HER targeting therapy (e.g. trastuzumab, cetuximab, ABX-EGF, 

EMD7200, gefitinib, erlotinib, CP724714, Cll033, GW572016, IM:C-l 1F8, TAK165, etc); Raf 

and/or ras inhibitor (see, for example, WO 2003/86467); doxorubicin HC1 liposome injection 

(DOXIL®); topoisomerase I inhibitor such as topotecan; taxane; HER2 and EGFR dual tyrosine 

kinase inhibitor such as lapatinib/GW572016; TLK286 (TELCYTA®); EMD-7200; a . 

30 medicament that treats nausea such as a serotonin antagonist, steroid, or benzodiazepine; a 

medicament that prevents or treats skin rash or standard acne therapies, including topical or oral 

antibiotic; a medicament that treats or prevents diarrhea; a body temperature-reducing 

medicament such as acetaminophen, diphenhydramine, or meperidine; hematopoietic growth 

factor. etc. 
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Suitable dosages for any of the above coadministered agents are those presently used and 

may be lowered due to the combined action (synergy) of the agent and HER dimerization 

inhibitor. 

In addition to the above therapeutic regimes, the patient may be subjected to surgical 

5 removal of cancer cells and/or radiation therapy. 

Where the inhibitor is an antibody, preferably the administered antibody is a naked 

antibody. However, the inhibitor administered may be conjugated with a cytotoxic agent. 

Preferably, the conjugated inhibitor and/or antigen to which it is bound is/are internalized by the 

celJ, resulting in increased therapeutic efficacy of' the conjugate U1 killing the cancer cell to which 

10 it binds. In a preferred embodiment, 1he cytotoxic agent targets or inte:rferes with nucleic acid in 

the cancer cell. Examples of such cytotoxic agents include maytansinoids, ca.Jicheamicins, 

ribonucleases and DNA endonucleases. 

The present application contemplates administration of the HER dimerization inhibitor by 

gene therapy. See, for example, W096/0732 l published M.arch 14, 1996 concerning the use· of 

15 gene therapy to generate intracellular antibodies. 

There are two major approaches to getting the nucleic acid (optionally contained in a 

vector) into the patient's cells; in vivo and ex vivo. For in vivo delivery the nucleic acid is injected 

directly into the patient, usually at the site where the antibody is required. For ex vivo treatment, 

the patient's cells are removed, the nucleic acid is introduced into these isolated cells and the 

20 modified ceEls are administered to the patient either directly or, for example, encapsulated within 

porous membranes which are implanted into the patient (see, e.g. U.S. Patent Nos. 4,892,538 and 

5,283,187). There a.re a variety of techniques available for introducing nucleic acids into viable 

cells. The techniques vary depending upon whether the nucleic acid is transferred into cultured 

cells in vitro, or in vivo in the cells of the intended host. Techniques suitable for the transfer of 

25 nuc leic acid into mammalian cells in vitro include the use of Hposomes, eJectroporation, 

microinj~tion. cell fusion, DEA&deXtran, the calcium phosphate precipitation method, etc. A 

commonly used vector for ex vivo delivery of the gene is a retrovirus. 

The currently preferred in vivo nucleic acid transfer techniques include transfection with 

viral vectors. (such as adenovirus, Herpes simplex l virus, or adeno-associated virus) and lipid-

30 based systems (useful lipids for lipid-mediated transfer of the gene are DOTMA, DOPE and DC­

Chol, for example). In some situations it is desirable to provide the nucleic acid source with an 

agent that t8!fgets the target cells, such as an antibody specific for a ceU surface membrane protein 

or the target cell. a ligand for a receptor on the target cell, etc. Where liposomes are employed, 

proteins which bind to a cell surface membrane protein associated with endocytosis may be used 

35 for targeting a.nd/or to facilitate uptake, e.g. capsid proteins or fragments thereof tropic for a 

particular cell type, antibodies for proteins which undergo internalization in cycling, and prote.ins 
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that target intracellular localization and enhance intracellular half-lite. The technique ofreceptor­

mediated endocytosis is described, for exarnple, by Wu et al., J Biol. Chem. 262:4429-4432 

(1987); and Wagner et al., Proc. Natl. Acad. Sci. USA 87:3410-3414 (1990}. For review of'the 

currently known gene marking and gene therapy protocols see Anderson et al., Sctence 256:808-

5 813 (1992). See also WO 93/25673 and the references cited therein. 

10 

15 

VI. Deposit of Materials 

The following hybridoma cell lines have been deposited with the American Type Culture 

.Collection, 10801 University Boulevard, Manassas, VA 20110-2209, USA (ATCC): 

Antibody Designatioa ATCC No. Deposit Date 

7C2 ATCC HB-12215 October 17, 1996 

7F3 A TCC HB-122 J 6 October 17, 1996 

4D5 A TCC CRL I 0463 May 24, 1990 

2C4 A TCC HB-12697 April 8, 1999 

These deposits were made under the provisions of the Budapest Treaty on the 

International Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure 

and the Regulations thereunder (Budapest Treaty). This assures maintenance of a viable culture of 

the deposit for 30 years ftom the date of deposit. The deposits will be made available by ATCC 

under the terms of the Budapest Treaty, and subject to an agreement between Genentech, Inc. and 

20 A TCC, which assures that an restrictions impos~d by the depositor on tho availability to the 

public of'the deposited material will be irrevocably removed upon the granting of the pertinent 

U.S. patent, assures permanent and unrestricted availability of the progeny of the culture of the 

deposit to the public upon issuance of the pertinent U.S. patent or upon laying open to the public 

of any U.S. or foreign patent application, whichever comes first, and assures availability of the 

25 progeny to one determined by the U.S. Commissioner of Patents and Trademarks to be entitled 

thereto according to 35 USC§ 122 and the Commissioner's rules pursuant thereto (including 37 

CFR § 1.14 with particular reference to 886 OG 63 8). 

Further details of the invention are illustrated by the following non- limiting Examples. 

30 The disclosures of all citations in the specification are expressly incorporated herein by reference. 

EXAMPLE I 

CLINlCAL SERUM BIOMARKER A1"lAL YSIS IN PATIENTS WITH OVARIAN 

CANCER TREATED WITH PERTUZUMAB 
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Study Design 

A Phase II, open-label, single-arm, multicenter study was performed to evaluate the effect 

of tumor-based HER2 activation of the efficacy ofrhuMAb 2C4 (pertuzumab) in subjects with 

advanced, refractory or recurrent ovarian cancer. 

5 ln Cohort 1 of the trial, 65 subjects with advanced ovarian cancer that was refractory to, 

or has recurred following> prior chemotherapy, w_ere enrolled, and were to receive 420 mg per 

cycle rhuMAb (pertuzumab). Of these, 61 subjects were treated. 4 subjects withdrew from the 

study and did not receive any treatment with pertuzumab. 

Subjects who enrolled in Cohort 1 and fulfilled the eligibility criteria, underwent a biopsy 

10 of tumor tissue or aspiration of tumor cells fro~ ascitic fluid. This tissue was analyzed for HER2 

phosphorylation by ELISA, quantitatively measuring phosphorylated HER2 and total HER2 in the 

samples. 

Pertuztimab was provided as a single-use formulation containing 25 mglmL rhuMAb 2C4 

formulated in 10 mM L-histidine (pH 6.0), 240 mM sucrose, and 0.02% polysorbate 20. Each 10-

15 cc vial contained about 175 mg ofrhuMAb 2C4 (7.0 mLJviill). Upoon receipt, vials were 

refrigerated at 2°C-8°C until use. Because the formulation does not contain a preservative, 

inctructioo were give to puncture the vial seal only once. Any remaining solution was discarded. 

The solution of rhuMAb 2C4 for infusion diluted in PVC polyethylene and non-PVC polyolefin 

bags containing 0.90/o Sodium Chloride Injection, USP, was allowed to be stored at 2°C-8°C for 

20 24 hours prior to use. 

Pertuzumab was administered as an JV infusion every 3 weeks for up to one year (17 

cycles) for subjects who showed no evidence of progressive disease. Subjects decived a loading 

dose of 840 m (Cycle 1) followed by 420 mg in Cycle 2 and beyond. 

After enrollment in Cohort 1 was completed, enrollment in Cohort 2 commenced. 

25 Subjects in Cohort 2, who fulfill the eligibility criteria, receive 1050 mg pertuzumab, 

administered as an IV infusion every 3 weeks for up to one yeaJ' (17 cycles). Subjects in Cohort 2 

(which is ongoing) do not undergo a biopsy of tumor tissue or aspiration of tumor cells from 

ascites fluids. 

Response has been assessed after 6 weeks, 3 months, and every 3 months thereafter. An 

30 additional response is assessed at 18 weeks (4.5 months) for subjects in Cohort 2 only. 

Measurable disease has been assessed using the Response Evaluation Criteria for Solid 

Tumors (REClST) (see, for example, Therasse et al., J. Nar. Cancer Inst. 92(3): 205-216 (2000)), 

by clinical evaluation and CT scan or equivalent. Response for subjects with evaluable but no 

measurable disease has assessed according to changes in CA-125 and clinical and rediologic 

35 evidence of disease. 
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Primary efficacy endpoint: 

Best overall response at any time during the study following initiation of treatment with 

pertuzumab, as determined by investigator assessment using RECIST or by CA-125 changes, 

foJlowing initiation of treatment with pertuzumab. 

5 Secondary efficacy endpoints: 

Time To Disease Progression (TTDP), 

Duration of response, 

survival time (Overall Survival, OS), and 

percentage of subjects free from disease progression at 3, 6, and 12 months (Disease-Free 

10 Survival, DFS). 

15 

Disease progression was defined as documented progressive disease or death, whichever 

occurred first. 

Time To Disease Progression (TTDP) was defined as the time from the first day <?f study 

drug treatment (Day 1) until the time of documented disease progression or death. 

Duration of survival was defined as the time from Day l until the time of death. 

Duration of response was defined as the time from the initial complete or partial response 

to the time of disease progression or death. 

The 95% exact confidence interval was constructed for percentage of the subjects free 

from progression after 3, 6, and 12 months in the study. 

20 Median time to disease progression and duration of survival were calculated using 

Kaplan-Meier survival methods. 

Exploratory assessment of biologic markers was incorporated into this trial. The purpose 

of this assessment was to find one or more pre-treatment biological markers that may predict 

which subjects will. or wm not, respond to pertuzumab treatment, or to identify one or more post-

25 therapeutic biologic markers that might act as a biomarker of pertuzumab activity. Jo particular. 

assessment of biological markers allows identification ofa patient population that is especially 

likely to benefit from pcrtuzumab treatment. as measured by one or more significant end points, 

such as overall survival (OS). or disease-free survival (DFS). 

Thus gene expression profiling has been performed on normal ovarian epithelial tissue 

30 and ovarian epithelial tumors. Ovarian tumor samples obtained in this study were subjected to 

RNA expression profiling in order to explore the relationship between RNA expression and 

response to pertuzumab. 
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Measurement of Serum Biomarkers 

Blood sera from HER.2 expressing metastatic breast cancer patients treated with 

pertuzumab were assessed for levels ofamphiregulin, EGF, TGF-alpha and shedded HER2 

(HER2 ECD), as described below. 

Kits used for assessment of the serum biomarkers: 

Marker 
HER2-ECD 

Amphiregulin 

EGF 

TGF-alpha 

Prorocols 

HER2-ECD 

Assay 
Bayer HER-2fneu ELISA, Cat.#: 
EL501 

DuoSet ELISA Development System 
Human Amphiregulin, Cat.#: · 
DY262 
Quantikine human EGF ELISA kit, 
Cat. #: DEGOO 
Quantikine® Human TGF-alpha 
Immunoassay. Cat.#: DTGAOO 

Distribution 
DakoCytomation 
N .V./S.A.,Interleuventaan 12B, B-
3001 HeverJee 
R&D Systems Ltd., J 9 Barton 
Lane. Abingdon OX14 3NB, UK 

R&D Systems Ltd., 19 Barton 
Lane, Abingdon OX14 3NB, UK 
R&D Systems Ltd., 19 Barton 
Lane, Abingdon OX 14 3NB, UK 

HER2-ECD ELISA was performed according to the recommendations of the 

manufacturer. 

AmphireguUu 

Reagents. standard dilutions and samples were prepared following the manufacturer•s 

instructions. EvenCoat Goat Anti-mouse lgG microplate strips (R&D, Cat. # CP002; not provided 

15 with the kit) were attached to the plate to create an ELISA plate. 100 µ.I diluted capture antibody 

(provided with the kit; l : 180 in PBS) were added to each well, and the wells were incubated at 

room temperature for one hour. 

Each well was aspirated and washed, and the pro~ss was repeated three times for a total 

of four washes. The wells were washed by filling each well with 400 µl Wash Buffer (0.05 % 

20 Tween-20 in PBS), using a manifold dispenser, and subsequent aspiration. Afte.r the last wash, 

any remaining Wash Buffer was removed by aspiration. The plate was then inverted and blotted 

against clean pa~r towels. 

100 µI standard dilution or diluted sample (see below) per well were added. Tip was 

changed after every pipetting step. The plate was covered with the adhesive strip (provided with 

25 the kit) and incubated for 2 hours at room temperature on a rocking platform. Thereafter, the 

aspiration and wash steps were repeated as described above. 

The aspirated samples and wash solutions were treated with laboratory disinfectant. 

I-00 µl Detection Antibody (provided with the kit) was added, diluted 1 :180 ht Reagent 
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Diluent (1 % BSA, Roth; Albumin Fraction V, Cat.# T844.2, in PBS) per well, and the plate was 

incubated for 2 hours at room temperature. Thereafter, the aspiration and wash steps were 

repeated as described above. 

100 µl working dilution of me Streptavidin-HRP were added to each well (provided with 

5 the kit; l :200 dilution in Reagent diluent), and the wells were covered with a new adhesive strip 

and incubated for 20 minutes at room temperature. The aspiration and wash steps were repeated 

as described above. 

Add 100 µl Substrate Solution (R&D, Cat. # DY999; not provided with the kit) were added to 

each weH, and the wells were incubated at room temperature for 20 minutes, under protection from 

10 light. 

50 µI Stop Solution (1.5 M H2S04 (Schwefelsiiure reinst, Merck, Cat.# 713)) were 

added to each well, followed by careful mixing. The optical density of each well was determined 

immediately, using a microplate reader set to 450 nm. 

15 Amphiregulin standard curve: 

A 40 nglml amphiregulin stock solution was prepared in 1 % BSA in PBS, aliquotted and 

stored at-80 °C. Amphiregulin solutions in 20 % BSA in PBS were not stable beyond 2 weeks 

and were theref'ore not used. From the aliquotted amphiregulin stock solution, the amphiregulin 

standard curve was prepared freshly in 20 % BSA in PBS prior to each experiment. The highest 

20 concentration was 1000 pg/ml (1:40 dilution of the amphiregulin stock solution). The standards 

provided with the ELISA kit produced a linear standard curve. Excel~based analysis of the curves 

allowed the determination of curve equatio(ls for every ELISA. 

Amphiregulin samples: 

25 When samples were diluted l: 1 in Reagent Diluent, a1J samples were within the linear 

30 

range o'fthe ELISA. Each sample was measured in duplicates. Dependent on the quality of the 

data, and on sufficient amounts of serum, determinations were repeated in subsequent 

experiments if necessary. 

:EGF 

Reagents, standard dilutions and samples were prepared following the manufacturer' s 

instructions. Excess antibody-coated microtiter plate strips (provided with the kit} were removed 

from the frame to create an ELISA plate. After determining the required number of wells and the 

plate layout, 50 µI Assay.Diluent RDl (provided with the kit) were added to each well. 200 µI 

35 standard dilution or diluted sample (e.g. 1 :20 in Calibrator Diluent RD6H) per well were then 

added. The tip was changed after every pipetting step. 
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The plate was covered with the adhesive strip (provided with the kit). and incubated at 

room temperature for two hour on a rocking platform. 

Each well was aspirated and washed, repeating the process three times for a total of four 

washes. Washing was performed by filling each well with 400 µJ Wash Buffer {provided with the 

5 kit). using a manifold dispenser, and subsequent aspiration. After the last wash, any remaining 

Wash Buffer was removed by aspirating. The plate was then inverted and blotted against clean 

paper towels. 

TI1e aspirated samples and wash solutions were treated with laboratory disinfectant, and 

200 µl of Conjugate (provided with the kit) were added to each well. The plate was then covered 

10 with a new adhesive strip~ and incubated at room temperature for two hours. 

15 

The aspiration and wash steps _were repeated as described previously. 

200 µl Substrate Solution (provided with the kit) were added to each well, followed by 

incubation for 20 minutes at room temperature. under protection from light. 50 µI Stop Solution 

(provided with the kit) were added to each well, followed by careful mixing. 

The optical density of each weJl was determined within 30 minutes, using a microplate 

reader set to 450 nm. 

EGF standard curve: 

The standards provided with the ELISA kit produced a linear standard curve. Also very 

20 small concentrations showed detectable results. 

EGF samp}es: 

A total of four assays with the samples were performed. Each sample was measured 2 - 5 

times, the number of determinations being dependent on the quality of the results (mean+/- SD) 

25 and the availability of sufficient amounts of serum. 

30 

When samples were diluted 1 :20 in Calibrator Diluent RD6H, all samples were within the 

linear range of the ELISA. 

TGF-alpha 

Reagents, standard dilutions and samples were prepared following the manufacturer's 

instructions. Excess antibody-coated microtiter plate strips (provided with the kit) were removed 

from the frame to prepare an ELISA plate. After determining the required number of wells and 

the plate layout, 100 µI Assay Diluent RDl W (provided with the kit) were added to each well, 

followed by the addition of50111 standard dilution or sample per well. The tip was.changed after 

35 every pipetting step. 
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The plate was covered with the adhesive strip provided with the kit, and incubated at 

room tempe·rature for two hours, on a rocking platform. 

Each well was aspirated and washed, repeating the process three times for a total of four 

washes. In the following wash step, each well was filled with 400 µ1 Wash Buffer (provided with 

5 the kit). using a manifold dispenser, followed by aspiration. After the last wash, any remaining 

Wash Buffer was removed by aspirating. and the plate was inverted and blotted against clean 

paper towels. 

The aspirated samples and wash soJutions were treated with laboratory disinfectant. 

200 µ1 ofTGF-aJpha Cojugate (provided with the kit)' were added to each wel1, and the 

10 plate was covered with a new adhesive strip, and incubated at room temperature for two hours. 

15 

The aspiration and wash steps were repeated, as describe above. Thereafter, 200 µI 

Substrate Solution (provided with the kit) were added to each well, and the plate was incubates at 

room temperature for 30 minutes, under protection from light. 

SO µl Stop Solution (provided with the kit) were added to each well with careful mixing. 

The optical density of each well was determined within 30 minutes, using a microplate 

reader set to 450 nm. 

TGF-alpha standard curve: 

The standards provided with the ELISA kit produced a linear standard curve. Also very 

20 small concentrations showed detectable results. 

TGF-alpha samples: 

A total of four assays with the samples was performed. Samples were measured in 2 - 4 

independent assays. 

25 Results 

The correlation between the various markers was tested using Spearman's rank-Qrder 

correlation <ioefficient test. and the results are shown in Figure 9. According to this test, 

correlation is ranked between -1 (for best negative correlation) and +1 (for best positive 

correJation). As shown in Figure 9, the serum levels ofHER2, TGF-alpha, amphircguline and 

30 EGF showed very little correlation, which confirms that these genes act as independent markers. 

Figure t 0 shows t!}.e correlation of the markers tested with clinical covariates, including 

ECOG scores (BECOG = baseline ECOG score), prior chemoth~rapy (PRITCN), tumor burden, 

and duration of diagnosis (DIAGDUR., i.e. how long the subject had cancer prior to diagnosis). 

Lower ECOG scores (0 and 1) indicate that the disease is less severe and the patient is in 

35 relatively good c<>ndition. Higher ECOG scores (>1) indicate increasing severity from scores 2 to 
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4 . As shown in Figure Io. there was no significant correlation between the serum levels of the 

tested markers the severity of the disease. On the other hand, amphireguling and EGF serum 

levels were significantly higher in subject who were subjected to more than 4 prior chemotherapy 

treatments. 

5 Survival curves were plotted according to the Kaplan-Meier method. These curves were 

compared among subgroups of patients using the Iog-rarik test, io order to deime the cutoffs 

giving the best discrimination in defining the likelihood of progression-free survival (PFS) and 

overall survival (OS). The results for PFS and OS are shown in Figures 11 and 12, respectively. 

As shown in Figure 11, the cutoffpolnt in terms of'PFS is particularly clear for EGF levels (clear 

10 positive correlation). 

The distribution of patients according to the cutoffs, using PFS, is shown io Figure 13. 

As shown in the Figure, the cutoffs determined works well for the inidividual markers RGF-alpha 

and EGF, and are particularly useful as a function of these to markers combined. 

Survival curves were calculated by Kaplan-Meier survival analysis. The effect ofHER2 

15 levels on PFS and OS is illustrated by the Kaplan-Meier plots shown in Figure 14. The effect of 

TGF-alpha levels on PFS and OS is illustrated by the Kaplan-Meier plots shown in Figure 15. 

The effect of the E:GF levels of PFS and OS is illustrated by the Kaplan-Meier plots shown in 

Figure 16. 

20 EXAMPLE~ 

SERUM DIOMARKER ANALYSIS IN PATIENTS WITH OVARIAN, PRIMARY 

PERITONEAL, OR FALLOPIAN TUBE CANCER TREATED WITH PERTUZUMAB 

AND CHEMOTHERAPY 

25 Study Design 

A Phase n. randomized, ptacebo-controlled, double-blind. multicenter clinical trial is 

performed in order to make a preliminary assessment of the efficacy ofpertuzumab (rhuMAb 

2C4) in combination with the chermoiherapeutic agent, getncitabine relative to gemcitabine in 

combination with placebo in subjects with platinum-resistant ovarian. primary peritoneal, or 

30 fallopian rube cancer, as measured by progression-free survival (PFS) for all subjects. Another 

objective of the trial is to evaluate the safety and tolerabihty ofpern1zumab in combination with 

gemcitabine relative to gemcitabine in combination with placebo in subjects with platinum­

resistant ovarian, peritoneal., or fallopian tu be cancer. 
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Subjects who have experienced disease progression at or within 6 months of receiving a 

platinum-based chemotherapy regimen administered for advanced disease are etigible for this 

study. No more than one prior regimen for platinum-resistant disease is allowed. 

Subjects are randomized in a 1: 1 ratio to either treatment Arm I (gemcitabine + 
5 pertuzumab) or Ann 2 (gerncitabine +placebo). Gemcitabine is administered on Days 1 and 8 o"f 

a 21-day cycJe. Gemcitabine is infused over 30 minutes(± S minutes) at a starting dose of 800 

mglm2
• Blinded study drug {gemcitabine or placebo) is administered ~m Day I of the 21-day 

cycle. 30 minutes following gemcitabine administration. Pertuzumab is administered at an initial 

loading-dose of840 mg(Cycle 1), foJlowed by 420 mg for Cycle 2 and beyond. The matched 

10 placebo is administered at a volume equivalent to the amount of suspension fluid required to 

prepare the pertuzumab dose. 

Subjects without progressive disease are allowed to receive treatment with gemcitabine 

plus blinded study drug for up to 17 cycles in this study .. Response is assessed every 6 weeks for 

the fust eight cycles and about every 3 months thereafter end of Cycles 2, 4, 6. 8, 12, and 17). 

15 Measurable disease is assessed using the Response Evaluation Criteria for Solid Tumors 

(RECIST) by clinical evaluation and computed tomography scan or equivalent Response for 

subjects ~vith evaluable disease is assessed according to changes to CA-125 and clinical 

radiologic evidence of disease. 

· Patients who provide additional consent have the option to provide serum and plasma 

20 samples for exploratory biologic marker studies. These studies include assessment of potential · 

mutations in the HER receptor gene family, immunohistocherpistry for HER family proteins and 

downstream proteins associated with HER signaling, dimerization assays or proximity assays ro 

assess HER2 activation, and determination of the expression levels of specific genes that are 

identified to be associated with HER2 signaling, or may serve as markers or predictors of 

25 response. Tbe studies include gene expression analysis and proteomics techniques. 

Primary outcome measure: 

Progression-free suryival, as determined by investigator assessment using RECIST or by CA-

125 changes (subjects with non-measurablt: disease only). 

Secondary ()Utcome measures: 

30 Objective response rate (partiaJ response or complete response), duration of response, 

survival time, and freedom :from progression at 4 mo~ths. 

Primary eodpoint: 

The primary efficacy endpoint is progression-free survival. de1ined as the time from 

randomization to documented disea.'Se progression or <ieath from any cause on study, whichever 

35 occurs earlier. Disease progression is assessed by the investigator according to RECIST or 
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changes in C~-125 for subjects with measurable and non-measurable disease, respectively. Death 

on study is defined as death from any cause within 30 days of the last dose of study medication. 

Data for subjects without disease progression or death is censored at the t ime of the last 

tumor or CA-125 assessment (or, if no tumor or CA~l25 assessment are performed after the 

5 baseline visit, at the time ofrandomi2:ation plus 1 day). 

Kaplan-Meier methods are used to estimate the median progression-free survival for.each 

treatment arm. Cox proportional hazard models, using two models (with and without the 

randomization stratification factors [Eastern Cooperative Oncology Group (ECOG) status disease 

measurability and number of prior regimens for platinum-resistant disease], are used to estimate 

10 the haz~rd ratio (ie., the magnitude oftteatment effect at 95% confldence interval).· The stratified 

model produces the primary confidence interval. The log-rank test, stratified by the 

randomization stratification factors (ECOG status, disease measurability, and number of prior 

regomens for platinum-resistant disease), is used to perform exploratory hypothesis testing for 

assessing the difference between treatment arms. The non~stratified long-rank test is also 

15 provided. Separate analyses of progression-free survival are also presented for subjects with 

measurable disease and for subjects with non-measurable disease; because the number of subjects 

in each grou pmay be small. the exploratory log-rank test may not be performed for both groups. 

Separate analyses for progression-free survival are also be conducted for subjects who do not 

have any prior regimen for platinum-resistant disease and for subjects who have one prior 

20 regimen for platinum-resistant disease~ exploratory log-rank tests are performed for both groups. 

Secondary endpoints: 

Obiective response 

Objective response is defined as a complete or partial response determined on two 

consecutive occasions ;;::,4 weeks apart. Subjects without a post-baseline tumor or CA-125 

25 assessment are considered non-responders. An estimate of the objective response rate and 95% 

confidence intervals (Blyth-Still-Casella) is calculated for each treatment arm. Confidence 

intervals for the difference in tumor response rate are calculated (Santer and Snell, J. Am. 

Stat.Assoc. 75:386-94 (1980); Berger and Boos, J. Am. Stat. Assoc. 89:4087-91 (1990)). Fisher's 

exact test is used to perform exploratory hypothesis testing for exploring the difference 

30 between treatment arms. 

Du.ration ofobhictive response 

For subjects with an objective response, duration of~e objection response is defined as 

the time from the initial response to disease progression or death frnm any cause on study. 
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Methods for handling censoring and for analysis are the same as described for progression-free 

survival. 

Freedom from progression at 4 months 

The proportion of subjects free from progression at 4 month~ for each treatment arm is 

estimated from the Kaplan-Meier curve for progression-free survival. An estimate of the 

progression-free rate and 95% confidence intervals (Greemwood, Rep. Pub. Health. Med. 

Subjects 33:1-26 (1926)) is calculated for each treatment arm. A two-sided Z-test is used to 

perform exploratory hypothesis testing for assessing the difference between treatment arms. 

Duration ofSun>ival 

Duration of survival is defined as the time from randomization until death from any 

cause. Alld eaths are included, whether they occur on study or following treatment 

discontinuation. For subjects who have not died. duration ofsurival is censored at the date oflast 

15 contact. Analysis methods are the same as those described for progression-free-survival. 

The study is ongoing. but it is expected that, based on the gene expression analysis of 

serum or plasma samples. patients producing an elevated level of epidermal growth factor (EGF) 

and/ortransfonning growth fuctor alpha (TGF-alpha) will show an extended survival (especially 

progression-free survival) in response to pertuzumab and gemcitabine treatment. 
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WHAT IS CLAIMED IS: 

1. A method for extending survival of a cancer patient comprising administering a 

HER dimerization inhibitor to the patient in an amount which extends survival of the patient. 

wherein the patient is d.etennined to produce an elevated level of epidermal growth factor (EGF) 

or transforming growth factor alpha (TGF-alpba), and the cancer is selected from the group 

5 consisting of ovarian cancer. peritoneal cancer and fallopian rube cancer. 

2. The method of claim l wherein the patient is determined to produce an elevated 

level of EGF. 

3. The method of claim 2 wherein the patient is found to have an elevated level of 

EGF in serum of the patient. 

10 4. The method of claim t wherein the patient is determined to produce an elevated 

level qf TOP-alpha. 

5. The method of claim 4 whe.-ein the patient is found to have an elevated level of 

TGF-alpha in serum of the patient. 

6. The method of c.laim 1 wherein the HER dimerization inhibitor is a HER2 

15 dimerization inhibitor. 

7. The method of c laim I wherein the HER dimerization inhibitor inhibits HER 

heterodimerization. 

8. The method of claim 1 wherein the HER dimerization inhibitor is a HER 

antibody. 

20 9. The m~thod of claim 8 wherein the antibody binds to a HER receptor selected 

from the group consisting ofEOFR, HER2, and HER3. 

10. The method of c lairn 9 wherein the antibody binds to HER2. 

11. The method of claim 10 wherein the HER2 antibody binds to Domain Il ofHER2 

extracellular domain. 
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12. The method of claim 11 wherein the antibody binds to a junction between 

domains I, Il and ill ofHER2 extracellular domain. 

13. The method of claim 12 wherein the HER antibody comprises the variable light 

and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, respectively. 

5 14. The method of olaim 13 wherein the HER dimerization inhibitor is pettuznmab. 

15. The method of claim 8 wherein the HER antibody is a naked antibody. 

16. The method of claim 8 wherein the HER antibody is an intact antibody. 

17. The method of claim 8 wherein the HER antibody is an antibody fragment 

comprising an antigen binding region. 

10 18. The method of any one of claims 1-17 wherein the cancer is advanced, refractory 

or recurrent ovarian cancer. 

19. The method of any one of claims l-17 wherein the cancer is platinum resistant 

ovarian cancer. 

20. The method of any one of claims 1-17 wherein the cancer is primary per.itonea] or 

15 fallopian tube cancer. 

20 

21. The method of any one of claims 1-17 wherein the HER dimerization inhibitor is 

administered as a single anti-tumor agent. 

22. The method of any one of claims 1-17 comprising administering a second 

therapeutic agent to the patient. 

23. - The method claim 22 wherein the second therapeutic agent is selected from the 

group consisting of chemotherapeutic agent, HER antibody, antibody directed against a tumor 

associated antigen, anti-hormonal compound, cardioprotectant, cytokine, EGFR-targeted drug, 

anti-angiogenic agent, tyrosine kinase inhibitor, COX inhibitor, non-steroidal anti-inflammatory 

drug, famesy I transferase inhibitor, antibody that binds oncofetal protein CA 125, HERZ vaccine, 

25 HER targeting therapy, Raf or ras inhibitor, liposomal doxorubicin, topotecan, taxane, dual 

tyrosine kinase inhibitor, l'LK.286, EMD-7200, a medicament that tl."eats nausea. a medicament 

that prevents or treats skin rash or standard acne therapy, a medicament that treats or pcevents 

diarrhea, a body temperature-reducing medicament, and a hematopoietic growth factor. 
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24. The method of claim 23 wherein the second therapeutic agent is a 

chemotherapeutic agent. 

25, The method of claim 24 wherein th.e chemotherapeutic agen1 js an antimetabolite 

chemotherapeutic agent. 

26. The method of claim 25 wherein the antimetabolite chemotherapeutic agent is 

gemcitabine. 

27. The method of' claim 22 wherein the second therapeutic agent is trastuzumab, 

erlotinib, or bevacizumab. 

28. The method of claim 1 wherein progression free survival (PFS) is extended. 

29. The method of claim l wherein overall survival (OS) is extended. 

30. A method for extending survival of a patient with ovarian, peritoneal, or fallopian 

tube cancer comprising administering pertuzumab to the patient in an am~unt which extends 

survival of the patent, wherein the patient is determined to produce an'elevated level of epidermal 

b'Towth factor (EGF) or transforming growth factor alpha (TGF-alpba). 

31. The method of claim 30 wherein patient has ovarian cancer. 

32. The method of claim 30 or claim 31 wherein the patient has advanced, refractory 

or recurrent ovarian cancer. 

33. The method o:fany one of claims 30-32 further comprising administering a 

chemotherapeutic agent to the patient. 

34. The method of claim 33 wherein the chemotherapeutic agent is an antimetabolite 

chemotherapeutic agent. 

35. The method of claim 34 wherein the antimetabolite chemotherapeutic agent is 

gemcitabine. 

36. A method for extending progression free survival (PFS) of a patient with ovarian, 

25 peritoneal, or fallopian tube cancer comprising administering pertuzumab to the patient in an 

amount which extends PFS in the patent, wherein the patient's serum is determined to have an 

elevated level of epidermal growth factor (EGF) therein. 
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3 7. A method for extending progression free survival (PFS) of a patient with ovarian, 

peritoneal, or fallopian tube cancer comprising administering pertuzumab to the patient in an 

amount whicl:l ex.tends PFS in the patent, wherein the patieut's serum is determined to have an 

elevated level of epidermal grovvth factor (EGF) and transforming growth factor alpha (TGF-

5 alpha) therein. 

3 8. The method of claim 26 or claim 37. wherein the cancer is ovarian cancer. 

39. The method of claim 38 wherein the ovarian cancer is advanced, refractory or 

recurrent ovarian cancer. 

40. A method of selecting a patient for treatment w ith a HER dimerization inhibitor, 

10 comprising treating the patjent with the HER dimerization inhibit-or ifthe patient is determined to 

produce an elevated level of epidermal growth factor (EOF) or transforming growth factor alpha 

(fGF-alpha). 

41. The method of claim 40 wherein the survival of the patient is extended relative to 

the survival of a patient who does not produce an elevated level of EGF or TGF-alpha and 

1 S receives the same treatment. 

42. The method of claim 4! wherein the survival is overall survival (OS). 

43. The method of claim 41 wherein the survival is progression free survival (PfS). 

44. The method ofclaim41 wherein the HERdimerization inhibitor is a HER2 

dimerization inhibitoT. 

20 45, Tile method of claim 41 wherein the HER dimerization inhibitor inhibits HER 

heterodimerization. 

46. The method of claim 31 wherein the HER dimerization inhibitor is a HER 

antibody. 

47. The metl1od of claim 46 wherein the antibody binds to a HER receptor selected 

25 from tbe group consisting ofEGFR, HER2, and HER3. 

48. The method of claini 47 wherein the antibody binds to HER2. 
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49. The method of claim 48 wherein the HER2 antibody binds to Domain II ofHER2 

extracellular domain. 

50. The method of claim 49 wherein the antibody binds to ajunction between 

domains I, II and lll ofHER2 extracellular domain. 

51. The method of claim 50 wherein the HER antibody comprises the variable light 

and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, respectively. 

52. The method of claim 51 wherein the HER dimerization inhibitor is pertuzumab. 

53. The method of claim 46 wherein the HER antibody is a naked antibody. 

54. The method of claim 46 wherein the HER antibody is an intact antibody. 

55. The method of claim 46 wherein the HER antibody is an antibody fragment 

comprising an antigen binding region. 

56. The method of any one of c laims 40-55, further comprising treating said patient 

with a chemotherapeutic agent. 

57. The method of claim 56 wherein the chemotherapeutic agent is gcmcitabinc. 

58. A kit comprising a HER dimerization inhibitor and a package insert or label 

indicating a beneficial use for the HER dimerization inhibitor if the patient to be treated produces 

an elevated level of epidermal growth factor (EGF) or transforming growth facto r alpha ~TGF­

alpha). 

59. 'llle method ofc.laitn 58 wherein the cancer is ovarian cancer> peritoneal or 

20 fallopian tube cancer. 

60. The method of claim 38 wherein the beneficial use is extension of survival. 

6 I. The method of claim 60 wherein the survival is progression-free survival. 

62. The method of any one of claims 58-61 wherein the HER dime~i:iation inhibitor 

is an antibody. 

25 63. The method of claim 62 '"vherein the antibody is a HER2 antibody. 

64. The me¢od of claim 63 wherein tho antibody is pertuzumab. 
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65. A method of promoting a HER dimerization inhibitor to treat patients producing 

an elevated level of epidermal growth factor (EGF) or transforming growth factor alpha (TGF­

alpha). 

66. The method of claim 65 wherein the promotion is in the fom1 ofa written 

5 material. 

67. The method of daim 66 wherein the promotion is in the form of a package insert. 
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2C4 

574 

hum KI 

2C4 

574 

hum Kl 

2C4 

2/18 

VARIABLE LIGHT 
10 20 30 4 0 

OTVMTQSHKIMSTSVGDRVSITC [KASQDVSIGVA] WYQQRP 
** **** * * * 

OIQMTQSPSSLSASVGDRVTITC [KASQOVSIGVA) WYQQKP 
• ** *** 

DIQMTQSPSSLSASVGDRVTITC [RASQSISNYLA] WYQQKP 

50 60 70 80 
GQSPKLLIY [SASYRYTJ GVPDRFTGSGSGTDFTFTISSVQA 
** * * * * * 

GKAPKLLIY (SASYRYT) GVPSRFSGSGSGTDFTLTISSLQP 
* ***** 

GKAPKLLIY (AASSLES) GVPSRFSGSGSGTDE'TLTISSLQP 
I 

90 100 
EDLAVYYC [QQYYIYPYT) FGGGTKLEIK (SEQ ID NO:l) 

* * • * 
574 EDFATYYC [QQYYIYPYT) FGQGTKVEIK (SEQ ID N0:3) 

*'** * 
hum KI BDFATYYC {QQYNSLPt-IT] .FGQGTKVEIK (SEQ ID NO: 5) 

FIG. 2A 

VARIABLE HEAVY 
10 20 30 40 

2C4 EVQLQQSGPELVKPGTSVKISCKAS (GFTFTDYTMD) WVKQS 
** ** * * *** * * * 

574 EVQLVESGGGLVQPGGSLRLSCAAS [GFTfTDYTMO)' \WRQA 

** * * 
hum III EVQLVESGGGLVQPGGSLRLSCAAS (GFTFSSYAMS) WVRQA 

50 a 60 70 80 
2C4 HGKSLEWIG {DVNPNSGGSIYNQRFKG) KASLTVORSSRIVYM 

* * ** *** * **** * 
~>74 PGKGLEWVJI. [DVNPNSGGSIYNQRFKGJ RFTLSVDRSKNTLYL 

****** *It* **** * * * 
hum III PGKGLEWVA [VISGDGGSTYYADSVKG) RFTISRDNSKNTLYL 

abc 90 lOOab llO 
2C4 ELRSLTE"EDTAVYYCAR (NLGPSFYE"OY] WGQGTTLTVSS (SEQ 

*** ** ** 
574 QMNSLRAEDTAVYYCAR {NLGPSFYE"DY) WGQGTLVTVSS (SEQ 

*******"' 
hum III QMNSLRAEDTAVYYCAR ( GRVGYSLY DY} WGQGTLVTVSS (SEQ 

FIG. 2B 

SUBSTITUTE SHEET (RULE 26) 

ID NO: 2) 

ID NO: 4} 

ID NO: 6) 
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3 tl8 

Amino Acid Sequence for Pertuzumab Light Chain 
1 10 20 30 40 so 60 
I I I I I I I I I I I I I 
DIQMTQSPSSLSASVGORVTITCKASQDVS:IGVAWYQQKPGKAPI<LLIYSASYRYTGVPS 

70 80 90 100, 110 120 
I I I I I I I I I I I I 

RFSGSGSGTDFTLTISSLQPEDFATYYCQQYY:IYPYTFGQGTKVEIKRTVAAPSVFIFPP 

130 140 150 160 170 lSO 
I I I I I I I I I I I I 

SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT 

190 2 00 210 
I I l I I. l 

LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC . FIG. 3A 

Amino Acid Sequence for Pertuzumab Heavy Chain 

1 10 20 30 40 50 60 
I I I I I I I I I I I I I 
EVQLVESGGGLVQPGGSLRLSCMSGFTFTDYTMDWVRQAPGKGLEWVADVNPNSGGS:IY 

70 80 90 1 00 110 120 
I I I I I I I I I I I I 

NQRF~GRFTLSVDRSKNTLYLQMNSLRAEDTAVYYCARNLGPSFYFDYWGQGTLVTVSSA 

130 140 150 160 170 180 
l I l l I I I I I I l I 

STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG 

190 200 210 220 230 240 
I I I . I I I I I I I I I 

LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP 

250 260 270 280 290 300 
I I I I I I I I I I I * l 

SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN'flYVDGVEVHNAKTKPREEQYNS 

310 320 330 340 350 360 
I I I I I r · I · I I I I I 

TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM 

370 380 390 400 410 420 
I . I I I I I I I I I I I 

TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ 

4 3 0 440 448 
I I I I I I 

QGNVFSCSVMHEALHNHYTQKSLSLSPG 

FIG. 38 
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Trastuzumab 
Herceptln 

• Binds in IV near JM. 

• Protects against receptor shedding 

• Moderately affects receptor down· 
modulation 

• Stight effect on HER2's role as a 
co receptor 

6/18 
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Pertuzumab 
Omnitarg 

• Binds in II at dlmerlzation interface 

• Does not prevent receptor shedding 

• Moderatery affects receptor down· 
modulation 

• Major effect on HER2's role as a 
coreceptor 

FIG.·6 
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1 15 30 45 
DIOMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPK 

46 60 . 75 90 
L L I Y S A S F L Y S G V P S R F S G S R S G T D F T L T I S ·s L Q P E D F A T Y Y C Q Q 

91 105 120 135 
HYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCL ~ 

136 150 165 180 
L N N F Y P R E A K V Q W K V D N A L 0 S G N S Q E S V 'I' E Q 0 S K D S T Y S L S S T L T 

181 195 210 214 
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 
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HEAVY CHAIN 

1 15 30 45 
EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGL 

46 60 75 90 
EWVARIYPTNGYTRYADSVKGRFTISADTSKNTAYLQMNSLRAED 

91 105 120 135 
TA VY Y CSR W G GD G FY AM DY W G Q GT L VT VS SAS T .K GP S VF PL AP SS 

136 150 165 180 
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Figure 11 
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Figure 12 
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Figtire 14 
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Figure 15 
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Figure 16 
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Application No. Appl icant (s) 

10/356,824 PATON ET AL. 

Office Action Summary Examiner Art Unit 

I ANNE L. HOLLERAN 1643 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no even~ hOwever, may a reply be timely filed 

after SIX (6} MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by s tatute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)['gj Responsive to communication(s) filed on 08 February 2008. 

2a)0 This action is FINAL. 2b)['gj This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11 , 453 O.G. 213. 

Disposition of Claims 

4)['gl Claim(s) 34-39.42-44 and 47-54 is/are pending in the application. 

4a) Of the above claim(s) 50 and 51 is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)['gj Claim(s) 34-39,42-44.47-49 and 52-54 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

* See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)fMail Date. __ . 

5) 0 Notice of Informal Patent Application 3) ['gl Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 02108. 

U.S. Patent and Trademark Offtce 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20080616 
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The amendment filed February 8, 2008 is acknowledged. Claims 20, 25-29, 32, 40-41, 

45 , and 46 were canceled. Claims 50-54 were added. 

Claims 34-39, 42-44, 47-54 are pending. 

New claims 50 and 51, drawn to inventions comprising the use of thiTd therapeutic 

agents, which are not carboplatin (another ErbB2 antibody, claim 50; a vascular endothelial 

growth factor antibody, claim 51) are withdrawn from consideration in view of the election of 

species requirement for the third therapeutic agent set fo1th in the Office action mailed out 

2/ 16/2006. 

With respect to claims 52 and 53, which recite a third therapeutic agent is a growth 

inhibitory agent or a DNA alkylating agent, these claims are considered generic to the elected 

species of third agent, carboplatin, because carboplatin is a growth inhibitory agent and a DNA 

alkylating agent. Claims 52 and 53 are examined to the extent that they read on methods using a 

third agent that is carboplatin. 

Claims 34-39, 42-44, 47-49 and 52-54 are examined on the merits. 

Claim Rejections Withdrawn: 

Claim Rejections - 35 USC§ 112 

The rejection of claim 43 under 35 U.S.C. 112, second paragraph, as being indefinite for 

failing to particularly point out and distinctly claim the subject matter which applicant regards as 
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the invention is withdrawn in view of the amendment to claim 38 providing antecedent basis for 

"the taxoid" in claim dependent claim 43. 

The rejection of claims 20, 25, 28, 29, 32, and 46 under 35 U.S.C. 112, first paragraph, as 

failing to comply with the written description requirement is withdrawn in view of the 

amendment canceling claims 20, 25, 28, 29, 32 and 46. 

The rejection of claims 38-40, and 43-49 under 35 U.S.C. 112, first paragraph, for lack of 

enablement of the full scope of the claimed inventions, is withdrawn in view of the amendment 

to the claims. 

Claim Rejections - 35 USC§ 102 

The rejection ofclaims 20, 25-28, 32, 34-37, 48 and 49 under 35 U.S.C. 102(b) as being 

anticipated by Nabholtz-I (Nabholtz, J.M., ct al, Breast Cancer Research and Treatment, 64(1 ): 

page 82, #327, 2000) or Nabholtz-II (Nabholtz, J. M., et al., European Journal of Cancer, 

37(suppl. 6): S190, #695, 2001) is withdrawn in view of the amendment canceling claims 20, 25-

28 and 32; and withdrawn for claims 34-37, 48 and 49 in view of the amendment to the claims so 

that now the claims have priority to parent application 60/069,346 (filed .12/12/ 1997). 
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Claim Rejections Maintained and New Grounds of Rejection: 

Claim Rejections- 35 USC§ 112 

The following is a quotati.on of the second paragraph of 35 U.S.C. 112: 

Page4 

The specification shall conclude wilh one or more claims particularly pointing out and distinctly claiming Lhe 
subject mauer which the applicant regards as his invention. 

Claims 52 and 53 are rejected under 35 U.S.C. 112, second paragraph, as being indefin ite 

for fa iling to pa11icularly point out and distinctly claim the subject matter which applicant 

regards as the invention. 

Claims 52 and 53 are indefinite because claim 52 lacks antecedent basis for the phrase 

"the third therapeutic agent". 

Claim Rejections- 35 USC§ 103 

The following is a quotation of35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set fo1th in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forLh in 
section 102 of this title, if the difforences between the subject matter sought to be patented and the prior art arc 
such that the subject maucr as a whole would have been obvious al the lime the invention was made to a p<.·rson 
having ordinary ski ll in the art 10 which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

The factual inquiries set fo1th in Graharn v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

( l 966), that are applied for establishing a background for determining obviousness under 35 

U.S.C. J 03(a) are summarized as follows: 

1. Determining the scope and contents of the prior a1t. 
2. Ascertaining the differences between the prior a1t and the claims at issue. 
3. Resolving the level of ordina1y skill in the pertinent art. 
4. Considering objective evidence present in the application indicating obviousness 

or nonobviousness. 
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This application currently names joint inventors. In considering patentability of the 

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 

claims was commonly owned at the time any inventions covered therein were made absent any 

evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out 

the inventor and invention dates of each claim that was not commonly owned at the time a later 

invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 

and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

Claims 20, 25-28, 32, 34-49 is rejected under 35 U.S.C. l 03(a) as being unpatentable 

over Baselga-1996 (Baselga, et al., Journal of Clinical Oncology, 14(3): 737-744, 1996, March; 

cited in the IDS) in view of Perez (Perez et al. , Seminars in Oncology, 23(5, suppl 11): 41-45, 

1996, October) and futther in vi.ew ofBaselga-1994a (Baselga, J., et al, Proceedings of the 

American Association for Cancer Research, 35: 380, Abstract #2262, 1994). This is a new 

grounds of rejection because Baselega-1994 bas been replaced with Basclga- l 994a (cited in the 

parent application). 

Baselga-1996 teaches methods of treating breast cancer comprising the administration of 

trastuzumab, a recombinant humanized anti-Her2 antibody that binds to the 405 epitope. 

Baselga-1996 fails to teach a method comprising the further administration of a 

chemotherapeutic agent such as a taxoid and growth inhibitory agents. Baselga-1996 also fails 

to teach a method comprising the administration of trastuzumab in combination with a taxoid and 

fmther in combination with carboplatin. 
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However Perez teaches that the combination of paclitaxel and carboplatin may be used in 

the treatment of patients with advanced breast cancer, and that both agents have significant 

single-agent activity in the treatment of breast cancer (see page 43 , 2°d column). 

Baselga-1994 teaches a method of treating nude mice bearing human breast tumor 

xenografts overexpressing ErbB2 (HER2) comprising the administration of murine 4D5 (binds to 

the same epitope as rhuMAb 4D5) in combination with paclitaxel. Baselga-1994 teaches in 

general that chemotherapy synergizes with anti-growth factor receptor antibodjes in the 

treatment of human tumor xenografts in nude mice. Baselga-1994 teaches that the combination 

of paclitaxel and the 40 5 antibody was synergistic in the effect of the combination on tumor 

growth inhibition. 

ln summary, the prior art teaches that rhuMAb 4D5 increases time to disease progression for 

metastatic breast cancer patients because Baselga teaches that treatment with the antibody 

produced a complete response and partial responses, as well as stable disease (see Table 4, and 

also page 742, 2°d column). Further, the prior art teaches that a combination of paclitaxel and 

carboplatin are used in the treatment of breast cancer. Lastly, the prior art provides evidence, in 

the form of mouse xenograft studies that the combination of 4D5 and paclitaxel is synergistic 

with respect to growth inhibition of a human breast tumor that overexpresses ErbB2. Therefore, 

it would have been prim a facie obvious to one of ordinary ski 11 in the art at the time the invention 

was made to have treated breast cancer patients overexpressing ErbB2 with a combination of an 

antibody that binds the 40 5 epitope, such as rhuMAb 40 5, and a taxoid, such as paclitaxel 

because both agents where taught in the prior a1t to be useful in treating breast cancer, and 

because the prior a1t suggested their combination, and because the prior art demonstrated that in 
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inhibiting tumor cell growth than either agent used alone and more efficacious than sum of the 

effects of either agent used alone. One would have had a reasonable expectation of success in 

making a method that was effective to extend TTP because both agents were taught in prior art to 

be effective to produce at least stable disease in the treatment of breast cancer. The methods of 

claims 20, 25-28, 32, 34-49 can be viewed as a methods drawn to administering a combination of 

ingredients known in the a1t to be useful for the same purpose, i.e. an ]n re Kerkhoven analysis 

(Jn re Kerkhoven, 626, F.2s 846, 850, 205 USPQ 1069, 1072 (CCPA 1980)). The court held that 

it is obvious to combine two compositions, in order to form a third composition, when each of 

the two compositions is taught by the prior art to be useful for the same purpose. The idea of 

combining them flows logically from their having been individually taught in the prior art 

(MPEP 2144.06). 

Claims 38 and 43 are rejected under 35 U.S.C. l 03(a) as being unpatentable over 

Baselga-1996 (Baselga, et al., Journal of Clinical Oncology, 14(3): 737-744, 1996, March; cited 

in the JDS) in view of Perez (Perez et al., Seminars in Oncology, 23(5, suppl 11 ): 41-45 , 1996, 

October) in view of Baselga-1994a (Baselga, J. , et al, Proceedings of the American Association 

for Cancer Research, 35: 380, Abstract #2262, 1994; cited in the IDS), and further in view of van 

Oosterom (van Oosterom, et al. Anti-Cancer Dmgs, 6(3): 356-368, 1995, June, Abstract only; 

cited in the IDS). This is a new grounds of rejection because Baselga-l 994a replaces Baselga-

1994. 
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Claims 38 and 43 include within their scope methods that comprise the administration of 

docctaxel. 

The combination of Basclga-1996, Perez and Baselga-1994a is set forth above, and fails 

to explicitly teach methods comprising the administration of docetaxel. 

However, van Oosterom teaches tbat docetaxel is a taxoid that has activity in the 

treatment of breast cancer. Therefore, it would have been prima facie obvious to one of ordina1y 

skill in the art at the time the invention was made to have modified the method of Baselga-1996 

to include the addition of docetaxel and further to also include the addition of a third agent, 

carboplatin. One would have been motivated to have combined trastuzumab with docetaxel and 

a third agent such as carboplatin because van Oosterom teaches that docetaxel is useful in the 

treatment of breast cancer, and because Perez teaches that carboplatin is useful in the treatment 

of breast cancer. The methods of claims 20, 29, 38 and 43 can be viewed as a methods drawn to 

administering a combination of ingredients known in the a11 to be useful for the same purpose, 

i.e. an In re Kerkhoven analysis (In re Kerkhoven, 626, F.2s 846, 850, 205 USPQ 1069, 1072 

(CCPA 1980)). The court held that it is obvious to combine two compositions, in order to form a 

third composition, when each of the two compositions is taught by the prior art to be useful for 

the same purpose. The idea of combining them flows logically from their having been 

individually taught in the prior art (MPEP 2 144.06). 

Response to Arguments: 

Applicants' arguments have been carefully considered, but fail to persuade. 

Applicants make the following points: 
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2) that is was not reasonably predictable from the cited references, because the claims 

are drawn to treatment of a human patent; 

3) that a cancer that over expresses ErbB2 receptor is a cli11ically aggressive cancer that 

predicts a worse prognosis, leading to unpredictability; 

4) that applicants provide evidence that negates any inference that a skilled clinician 

might have obtained from the preclinical data; 

S) that applicants submit a copy of a J. J 32 declaration submitted in the parent on August 

23, 2000 with exhibits A-E; 

6) that in the declaration cited above Dr. Hellmann explains a further "unexpected 

advantage of the present claimed invention; 

7) that applicants submit evidence of commercial success suppo11s the patentability of the 

presently claimed invention; 

In the traversal of the rejection, applicants address the issue of the xenograft study 

referred to on page 6 of Exhibit C to Hellmann's first 131 declaration dated 8/23/00 (mailroom 

date of 8/28/2000), by stating that the "different model system at UCLA" was referred to in 

Pegram et al. Oncogene 18: 2241-22Sl, 1999 (of record). Appl icants state that in Pegram, in 

Figure SC animals treated with rhuMAb HER2 alone actual ly had smaller tumor volumes at day 

20 than those treated with a combination of a taxane compound (TAX) plus rhuMAb HER2. 

The examiner does not agree with this interpretation of the results of the data of Figure SC. l n 

the examiner's opinion the data for the two treatment conditions overlap to such an extent that it 
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cannot be determined if there is a difference between the two treatment groups. Furthermore, 

applicants state in their arguments that at paragraph 2, column 2 of page 224S of Pegram, the 

authors noted the "the difference between rhuMAb HER2 alone and rhuMAb HER2 did not 

reach statistical significance." 

The difference between the Pegram xenograft data and the Baselga 1994 xenograft data 

(Baselga abstract, of record, cited as prior a11 in the above rejection) is that while the Baselga 

1994 xenograft data indicates that the combination of paclitaxel and the 40S anti-HER2 antibody 

are synergistic in the inhibition of tumor growth, the Pegram xenograft data indicates that the 

combination of paclitaxel and a 40S antibody is not different from the use of 40S alone 

(however, the combination of 40S and TAX (paclitaxel) is significantly more efficacious than 

TAX alone, see Figure SC). While it is reasonable to state that the data from the two models are 

different, this difference between the two models does not appear to be contradictory or for one 

set of data to negate the other set. It is noted that in Figure SC, the combination of 40S and TAX 

inhibits tumor growth to a greater degree than TAX alone. Furthermore, it is noted that for other 

chemotherapeutic agents tested in Figure SC (DOX and CPA), the same pattern is observed, 

where the combination of chemotherapeutic agent and 405 antibody is more efficacious than 

chemotherapeutic agent alone. Thus, the Pegram data does not provide a "teaching away" from 

the claimed invention, because there is nothing in Pegram data that would indicate that the 

combination of paclitaxel (TAX) and a 405 anti-Her2 antibody would cause a decrease in the 

efficacy of either drug in the tTeatment of a human patient with a tumor characterized by 

overexpression of ErbB2 (Her2). 

1796 of 2036 Celltrion, Inc., Exhibit 1004



Application/Control Number: l 0/356,824 

Art Unit: 1643 

Page 11 

Applicants fmiher state that they disagree with the conclusion about what would have 

been obvious to one of ordinary skill in the art p1ior to the instant invention. 

1) Applicants submit that such a conclusion ignores the evidence concerning the 

unexpected advantage of avoiding the overall adverse side effects associated with other cancer 

drug combinations, such as an anti-ErbB2 antibody/anthracycline derivative combination (refers 

to pages 4-5 of Dr. Hellmann's 132 declaration dated 8/23/2000), which unexpected results, 

applicants state, are not disclosed in any of the cited references. In response to applicant's 

argument that the cited references fail to teach that there is an advantage in a decrease in side 

effects of the combination of a 405 anti-Her2 antibody and a taxoid, when compared to the side 

effects observed for the combination of a 4D5 anti-Her2 antibody and doxorubicin, the fact that 

applicant has recognized another advantage which would flow naturally from following the 

suggestion of the prior art cannot be the basis for patentability when the differences would 

otherwise be obvious. See Ex parte Obiaya, 227 USPQ 58, 60 (Bd. Pat. App. & Inter. 1985). 

2) Applicants state that they have provided a declaration executed by a skilled 

clinician, Dr. Hellmann, attesting to the clinical data with respect to extending TTP in humans 

with the combination were unexpected to her. Applicants submit that this view held by a person 

actually practicing in the field should have been given more weight than an Examiner's 

interpretation of the data and what would have been expected or not. In response to this 

argument, it is not clear to the examiner what "data" applicants are referring to. Assuming it is 

the Pegram data that applicants are referring to, at the time the examiner made the rejection 

(previous Office action), no data was available to the examiner. 
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In giving deference to the statements of Dr. Hellmann in the declaration filed 8/28/2000, 

while Dr. Hellmann has made the statement that the extension ofTTP for the combination was a 

surprising result, Dr. Hellmann has not suppo1ted this statement with evidence (the data provided 

supports that conclusion that there was synergism with the combination recited in the claims, not 

that the synergism was surprising). Therefore, the statement that the synergism was surprising 

appears to be a statement of an opinion. The MPEP states that in assessing the probative value 

of an expert opinion, the examiner must consider the nature of the matter sought to be 

established, the strength of any opposing evidence, the interest of the expe1t in the outcome of 

the case, and the presence or absence of factual suppo1t for the expert's opinion (MPEP 

716.0 l ( c)). In the instant case, applicants are arguing that the combination of a 4D5 antibody 

and paclitaxel exhibits synergism with respect to treatment of human patients with breast cancer, 

and that this synergism is a surprising result. In contrast the prior art provides that a 4D5 

antibody was known to be effective in the treatment of breast cancer in humans, that paclitaxel 

was known to be effective in the treatment of breast cancer in humans, and that pre-clinical 

studies indicated that when the two treatments were combined for the treatment of mice bearing 

xenograft tumors that there was a synergistic result with respect to the slowing of growth of the 

tumors in vivo. Jn the instant case, the expert making the declaration of the surprising result is 

not a disinterested party, but is the named inventor of the claimed subject matter, and the 

declaration does not provide any facts to suppo1t the statement that the extension of TTP was a 

surprising result. As explained above in the discussion of the Pegram data, the rejection is 

maintained because the Pegram data definitely demonstrates a benefit of combining a 4D5 anti-

Her2 antibody with paclitaxel over the use of paclitaxel alone, and because the Pegram data does 
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not provide a basis for believing that combining paclitaxel and a 405 anti-Her2 antibody would 

cause an overall decrease in TTP. Furthermore, the scope of the claimed inventions is broader 

than a method where the combination of treatment results in an extension of TTP over the use of 

either agent alone. The claimed invention only requires an extension of TIP with respect to no 

treatment at all. 

3) Applicants state that the examiner ignores the additional secondary indicia of 

nonobviousness in terms of evidence of commercial success associated with the presently 

claimed invention (paragraph 8 of Dr. Hellmann's 132 declaration dated 8/23/2000). In 

response, paragraph 8 of Dr. Hellmann's 132 declaration dated 8/23/2000 (mailroom date of 

8/28/2000) states that the "invention claimed in the above patent application has resulted in a 

dramatic change in the way oncologists treat human patients with ErbB2 overexpressing 

metastatic breast cancer." There is no mention of "evidence" of commercial success, simply the 

statement that the combination treatment covered by the present claims is used more often (by a 

factor of 2) than anthracyclinc use in the treatment of breast cancer. However, to address the 

issue of commercial success and whether the statement of paragraph 8 of Dr. Hellmann's 132 

declaration is evidence of non-obviousness, it is noted that the MPEP states that applicant must 

show that the claimed features of the invention were responsible for the commercial success of 

an article ifthe evidence of nonobviousness is to be accorded substantial weight, and that merely 

showing that there was commercial success of an a11icle which embodied the invention is not 

sufficient. The MPEP (716.03) states that an applicant who is asserting commercial success to 

suppo11 its contention of nonobviousness bears the burden of proof of establishing a nexus 

between the claimed invention and evidence of commercial success, and that the term "nexus" 
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designates a factually and legally sufficient connection between the evidence of commercial 

success and the claimed invention so that the evidence is of probative value in the determination 

of nonobviousness. In the instant case, before the filing date of the instant invention, 

anthracycline use was associated with cardiac toxicity (see for example Cottin, (Cottin, Y, et al. 

Br. Heart Journal, 73: 61-64, 1995) which teaches that while anthracylines are active 

chemotherapeutic agents, their efficacy is limited by cardiac toxicity, page 61, first column). 

Therefore, the higher rate of use of a therapy that does not include anthracyclines may have more 

to do with possible problems associated with anthracycline use than with the features of the 

claimed invention. Thus, simply presenting a comparison between a rate of use of the claimed 

invention and the rate of use of anthracycline is not probative of nonobviousness of the claimed 

invention. 

Thus, for the reasons ofrecord, and as stated herein, the rejection is maintained. 

Double Patenting 

The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 
is appropriate where the conflicting claims are not identical, but at least one examined 
application claim is not patentably distinct from the reference claim(s) because the examined 
application claim is either anticipated by, or would have been obvious over, the reference 
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. l 998)Jn re 
Goodman, 11F.3d1046, 29 USPQ2d2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761(CCPA1982); In re 
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR l.32l(c) or l.32l(d) may 
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 
ground provided the conflicting application or patent either is shown to be commonly owned 
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with this application, or claims an invention made as a result of activities undertaken within the 
scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent ofrecord may sign a terminal 
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 
3.73(b). 

Claims 34-39, 42-44, 47-49, and 52-54 are rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims L, 4, and 8-29 of U.S. 

Patent No. 5,720,954 (cited in the IDS) in view of Baslega-1996 (Baselga, J. et al. Journal of 

Clinical Oncology, 14(3): 737-744, 1996, March; cited in IDS), in view of Perez (Perez et al., 

Seminars in Oncology, 23(5, suppl 11): 41-45, 1996, October; cited above) and further in view 

of Baselga-1994a (Baselga, J., et al, Proceedings of the American Association for Cancer 

Research, 35: 380, Abstract #2262, 1994). 

Claims 1, 4 and 8-29 of US Patent No. 5,720,954 are drawn to methods of treating a 

patient having a carcinoma that overexpresses HER2 receptor comprising administering to said 

patient a cytotoxic factor and an antibody that binds to the HER2 receptor in amounts to 

eliminate the patient's tumor burden, where the antibody may be a 405 anti-HER2 antibody and 

where the cytotoxic factor may be a chemotherapeutic agent. The claims do not specifically 

recite a dosage. However, a dosage for an anti-405 Her2 antibody was known in the art as 

evidenced by the teachings of Baselga-1996. The claims do not specifically recite that the 

chemotherapeutic agent may be a taxoid, or that it be in combination with a further growth 

inhibitory agent. However, the use of taxoids and a further growth inhibiting agent such as 

carboplatin for the treatment of breast cancer is known in the prior a1t as evidenced by the 

teachings of either Perez, and the combination of a 405 anti-HER2 antibody and paclitaxel (a 

taxoid) exhibits synergism in reducing the growth of xenograft tumors in nude mice, as taught by 
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Baselga-1994a. Therefore, it would have been prima facie obvious to one of ordinary skill in the 

art at the time the invention was made to have used a taxoid such as paclitaxel in the treatment 

methods of claims 1, 4 and 8-29 of US Patent No. 5,720,954 to make the claimed methods. 

Claims 34-39, 42-44, 47-49, and 52-54 are rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 14, 23, 27-33 and 36 of 

U.S. Patent No. 5,770,195 (cited in IDS) in view of Baslega-J 996 (Baselga, J. et al. Journal of 

Clinical Oncology, 14(3): 737-744, 1996, March; cited in IDS), in view of Perez; cited 

previously) and further in view of Baselga-J 994a (Baselga, J., et al, Proceedings of the Ame1ican 

Association for Cancer Research, 35: 380, Abstract #2262, 1994). 

Claims 14, 23, 27-33 and 36 of US Patent No. 5,770,195 are drawn to methods of of 

inhibiting the growth of tumor cells that overexpresses HER2 receptor or EGF comprising 

administering to a patient a cytotoxic factor and an antibody that binds to the HER2 receptor in 

amounts to eliminate the patient's tumor burden, where the antibody may be a 4D5 anti-HER2 

antibody and where the cytotoxic factor may be a chemotherapeutic agent. The claims do not 

specifically recite a dosage. However, a dosage for an anti-4D5 Her2 antibody was known in the 

art as evidenced by the teachings of Baselga-1996. The claims do not specifically recite that the 

chemotherapeutic agent may be a taxoid, or that it be in combination with a further growth 

inhibitory agent. However, the use of taxoids and a further growth inhibiting agent such as 

carboplatin for the treatment of breast cancer is known in the prior a1t as evidenced by the 

teachings of either Perez, and the combination of a 4D5 anti-HER2 antibody and paclitaxel (a 

taxoid) exhibits synergism in reducing the growth of xenograft tumors in nude mice, as taught by 
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Baselga-1994a. Therefore, it would have been prima facie obvious to one of ordinary skill in the 

art at the time the invention was made to have used a taxoid such as paclitaxel in the treatment 

methods of claims 14, 23 , 27-33 and 36 of US Patent No. 5,770,195 to make the claimed 

methods. 

Claims 34-39, 42-44, 47-49, and 52-54 are rejected on the ground of nonstatutory 

obviousness-type double patenting as being unpatentable over claims 1-7 and 9-13 of U.S. Patent 

No. 6,387,371 in view of Baslega-1996 (Baselga, J. et al. Journal of Clinical Oncology, 14(3): 

737-744, 1996, March; cited in IDS), in view of Perez; cited previously), and further in view of 

Baselga-l 994a (Baselga, J ., et al, Proceedings of the American Association for Cancer Research, 

35: 380, Abstract #2262, 1994). 

Claims J-7 and 9-13 of US Patent No. 6,387,371 are drawn to methods of treating 

cancer that overexpresses HER2 receptor comprising administering to said patient a factor which 

suppresses cell growth in an amount effective to inhibit growth of the cancer in the patient, and 

an antibody that binds to an extracellular domain of the HER2 receptor. The claims do not 

specifically recite that the chemotherapeutic agent may be a taxoid, or that the antibody is a 405 

anti-Her2 antibody (which is an antibody that binds to the extracellular domain of HER2). The 

claims do not specifically recite a dosage. However, a dosage for an anti-4D5 Her2 antibody was 

known in the art as evidenced by the teachings of Baselga-1996. The claims do not specifically 

recite that the chemotherapeutic agent may be a taxoid, or that it be in combination with a further 

growth inhibitory agent. However, the use of taxoids and a further growth inhibiting agent such 

as carboplatin for the treatment of breast cancer is known in the p1ior art as evidenced by the 
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teachings of either Perez, and the combination of a 405 anti-HER2 antibody and paclitaxel (a 

taxoid) exhibits synergism in reducing the growth of xenograft tumors in nude mice, as taught by 

Baselga- l 994a. Therefore, it would have been prima facie obvious to one of ordinary skill in the 

art at the time the invention was made to have used a taxoid such as paclitaxel in the treatment 

methods of claims 1-7 and 9-13 of US Patent No. 6,387 ,371 to make the claimed methods. 

Conclusion 

No claim is allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Anne Holleran, whose telephone number is (571) 272-0833. The 

examiner can normally be reached on Monday through Friday from 9:30 am to 5:00 pm. If 

attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Larry 

Helms, can be reached on (571) 272-0832. Any inquiry of a general nature or relating to the 

status of this application or proceeding should be directed to the Group receptionist whose 

telephone number is (571) 272-1600. 

Papers related to this application may be submitted to Group 1600 by facsimile 

transmission. The faxing of such papers must conform to the notice published in the Official 

Gazette, 1096 OG 30 (November 15, 1989). The Official Fax number for Group 1600 is (571) 

273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 
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may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-dircct.uspto .gov. Should you have questions on access to the Private 

PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll free). 

Anne L. Holleran 
Patent Examiner 
June 23, 2008 
/Alana M. Harris, Ph. D./ 
Primary Examiner, Art Unit 1643 
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332 in patient s with HER- 2/neu positive advanced breast cancer " (Abs t ract #35. Presented at the 2002 SABCS 
meetinq.) (2002) 
VOSKogJ.ou-NomiKOS et aJ.., "CJ.ini caJ. preaictive vaJ.ue ot t ne i n vitro ce.1.1 .line, numan xenogrart, ana 

333 mouse a l lograft preclinical cancer model s" Clinical Cancer Research 9(11) :4227-4239 (Sep 15, 2003) 
I 

' I 
YaraJ.ey et a J. ., "Final. re·auJ. ts ot tne Minnie Pearl. Cancer Researcn Networi< rirst- J. ine trial. or weeKJ.y 

334 paclit:axel/carbopl atin/trast;uzumab in metastatic breast cancer" (Abstract #439 . Presented at the 2002 
SABCS meeting.) (2002) 

\ 

' 

I 

.• 

" 

Examiner I Anne Holleran! (06/16/2008} 
I 

Date Considered 

'Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609; draw line through citation 
if not in conformance and not considered. Include copy of this form with next communication to applicant. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED T~00°~~-3]~LH/ 
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PTO/SB/80 (01 ·06) 
Approved for use through 1213112008. OMB 0651·0035 

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act or 1995, no persons are required to respond 10 a collection of information unless it displays a valid OMB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under 
37 CFR 3.73(b). 
I hereby appoint: 

[{] Practitioners associated with the Customer Number: 

I 
35489 

I OR 

D Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Jll Name Registration 
Number Number 

l~I 

I • :t;· 
~ 
f,.. 
~ 

as attorney(s) or agent(s} to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with 
any and all patent applications assigned Q!lly to the undersigned according to the USPTO assignment records or assignment documents 
attached to this form ln accordance with 37 CFR 3. 73(b ). 

Piease change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to: 

[Z] The address associated with Customer Number: I 35489 I OR 
LJ Firm or 

Individual Name 
Address 

City I State I Zip 

Country 

Telephone j Email 

Assignee Name and Address: 

Genentech, Inc. (a corporation) 

1 DNA Wa y 

South Sa n Franci8CO, CA 94080 

A copy o f t h is fonn, t o gether wit h a statement u nder 37 CFR 3.73(b) (Fonn PTO/SB/96 o r equivalen t) is re quired to be 
filed in each application in which t h is f o r m is u sed. The s tatem ent u n der 37 CFR 3.73(b ) may be completed by one of 

the prac tition ers appointed i n t h is form if the app ointed p ractition er is authoriz ed to a c t on b e half of t h e assignee, 
and must identify t he application in w h ich this P o w er o f A ttorney is to be filed. 

SIGNATURE of Assignee of Record 
The individu~l whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature ~~".}..--- - Date Novemberi). 2008 

Name Mark Kresnak Telephone (650) 225-4461 
Title Associate General Counsel, Director 
This collection of lnformat10111S required by 37 CFR 1.31, 1.32 and 1.33. The 1nforma1ion Is required 10 obtain or rela<n a benefit by the public which Is to file (and 
by the USPTO to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11and1.14 This collection is estima1ed lo take 3 minutes 
to complete, including galhenng, preparing, and submitting the completed application form to the USPTO. Time will vary depending up0n the individual case. Any 
comments on the amount of Ume you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Offtce, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313·1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner f or Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-BOO-PT0-9199 ancl select option 2. 
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PTO/SB/96 (10-08) 
llpprovOd for use through 11/30/2008. OMB 0651--0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Undor tho Paperwork RoduClion Act or 1995. no persons are required to respond to a collechon of information unless it displa s a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73{b) 

ApplicanUPatent Owner: _G_E_N_E_N_T_E_C_H_,_IN_C_. ---------------------------

Application No./Patent No.: _1_0_/3-'-5-'-6""''""8-'2_4 _____ _ ___ _ Filed/Issue Date: February 3, 2003 

Entitled: TREATMENT WITH ANTl-ERBB2 ANTIBODIES 

_G_e_n_e_n_1e_c_h_._1n_c_. ~--------------- · a 
(Name of llssigneo) 

Corporation 

(Typo of Assignee, e.g .. corporation. partnership, university. government agency, etc.) 

states that it is: 

1. 0 the assignee of the entire right, title. and interest; or 

2. D .an assignee of less than the entire right, title and interest 
(The extent (by percentage) of its ownership interest is ____ %) 

in the patent application/patent identified above by virtue of either: 

A. 0 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 013948 , Frame 0948 • or for which a 
copy therefore is allached. 

OR 

B. D A chain of title from lhe inventor(s). of lhe patent application/patent identified above, to the current assignee as follows: 

1. From:------ --- -----------

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame _______ _ or for which a copy thereof is attached. 

2. From: To: -------------------- -------------------
The document was recorded in the United States Patent and Trademark Office at 

Reel Frame ________ _ or for which a copy thereof is attached. 

3. From: __________________ _ 

The document was recorded in the United Slates Patent and Trademark Office at 

Reel Frame ________ _ or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet. 

I./ I As required by 37 CFR 3.73(b){1 )(i), the documentary evidence of the chain of ti tle from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant lo 37 CFR 3.1 1. 

(NOTE: A separate copy (i.e., a true copy of the original assignment documenl{s)) must be submilled to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The unders gned (wh e title is supplied below) is authorized to act on behalf of the assignee. 

12/12/2008 
Date 

James A. Fox 650-752-3137 
Printed or Typed Name Telephone Number 

Attorney of Record I Registration No: 38455 

Tille 

This coltection or lnformation is required by 37 CFR 3.73(b). The information is required lo obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is esbmated to take 12 minutes to complete. including 
gathering, propanng, and submitting the completed application form to the USPTO. Tlme will vary depending upon the individual case. Any comments on the amount or time 
you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce. P.O. Box 1450. Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents , P.O. Box 1450, Alexandria, VA 22313·1450. 

If you need assislanco m comp/cling the form. call 1-800-PT0-9199 and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 4446140 

Application Number: 10356824 

International Application Number: 

Confirmation Number: 4326 

Title of Invention: Treatment with anti-ErbB2 antibodies 

First Named Inventor/Applicant Name: Virginia E. Paton 

Customer Number: 09157 

Filer: Ginger R. Dreger/Rossetti Saena 

Filer Authorized By: Ginger R. Dreger 

Attorney Docket Number: Pl 256R1Dl 

Receipt Date: 12-DEC-2008 

Filing Date: 03-FEB-2003 

Time Stamp: 14:32:02 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

88090 

1 Power of Attorney POA.pdf no 2 
4e<.<6.Mcb468f6:M7fl1S9W17c8ff31cc~ 

f<d 

Warnings: 

Information: 
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Total Files Size (in bytes) 88090 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.S3(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT / DO/ E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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APPLICATION NUMBER 

10/356,824 

35489 
GOODWIN PROCTER LLP 
135 COMMONWEAL TH DRIVE 
MENLO PARK, CA 94025 

FILING OR 3711Cl DATE 

0210312003 

UKr n:n ST~T K<; m~PARTMF:'IT OF GOMl\11\llf'I': 
United Stutes Po te nt nod 'l'rade.m.ark Office 
Addr .... COMMl$$!0).~::R FOR PATENTS 

PO Box 1450 
Altxaodria, Vi~11 1'2313·1.&SO 
W\\W.1.1Sp10,g£l\' 

FIRST NAMED APPLICANT ATIT. DOCKET NO.mTLE 

Virginja E. Paton P l256RID1 
CONFIRMATION NO. 4326 

POA ACCEPTANCE LETTER 

11111~111111111 11111 111rn~W~~~1~~~~D~H~11111 11~ [ I ~11111 
Date Mailed: 12/19/2008 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/12/2008. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33 . 

/gbien-aime/ 

Office of Data Management, Application Assistance Unit (571 ) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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APPLICATION NUMBER 

10/356,824 

9157 
GENENTECH, INC. 
1 DNA WAY 

FILING OR 3711Cl DATE 

0210312003 

SOUTH SAN FRANCISCO, CA 94080 

UKrn:n ST~TK<; m~PARTMF:'IT OF GOMl\11\llf' I': 
United Stutes Pote nt nod 'l'rade.m.ark Office 
Addr .... COMMl$$!0).~::R FOR PATENTS 

PO Box 1450 
Altxaodria, Vi~11 1'2313·1.&SO 
W\\W.1.1Sp10,g£l\' 

FIRST NAMED APPLICANT ATIT. DOCKET NO.mTLE 

Virginja E. Paton Pl256RID1 
CONFIRMATION NO. 4326 

POWER OF ATTORNEY NOTICE 

Date Mailed: 12/19/2008 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/12/2008. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71 . Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/gbicn-aime/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1of1 
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THE UNITED ST A TES PATENT AND TRADEMARK OFFICE 

Applicant: Virginia E. Paton Attorney Docket # : 

Serial No. 10/356,824 

Filing Date 02/03/2003 

Customer No.: 35489 

Group Art Unit 

Examiner: 

Confirmation No.: 

Title: TREATMENT WITH ANTI-ErbB2 ANTIBODIES 

Mail Stop - Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexand1ia, VA 22313-1450 

FILED VIA EFS - December 29, 2008 

GNE-0329R1D l 

1643 

Holleran, Anne L. 

4326 

AMENDMENT AND RESPONSE TO OFFICE ACTION 

Sir: 

This is in response to the Office Action mailed on June 26, 2008 in c01mection with the 

above-identified patent application. The present Amendment and Response is accompanied by a 

Request for a Three-Month Extension of time and is therefore timely. 

Amendments to the Claims begin on page ~ of this paper. 

Remarks/Arguments begin on page ~ of this paper. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

1-33. (Canceled) 

34. (Previously presented) A method for the treatment of a human patient with breast cancer 

that overexpresses ErbB2 receptor, comprising administering a combination of an antibody that 

binds ErbB2, a taxoid, and a further growth inhibitory agent to the human patient in an amount 

effective to extend the time to disease progression in the human patient, wherein the antibody binds 

to epitope 4D5 within the ErbB2 extracellular domain sequence. 

35. (Previously presented) The method of claim 34 wherein the antibody if a humanixed 

4D5 anti-ErbB2 antibody. 

36 .. (Previously presented) The method of claim 34 wherein the antibody cross-blocks 

binding of 4D5 to the ErbB2 extracellular domain sequence. 

37. (Previously presented) The method of claim 34 wherein the antibody binds to amino 

acid residues in the region from about residue 529 to about residue 625 of the ErbB2 extracellular 

domain sequence. 

38. (Previously presented) A method for the treatment o fa human patient with breast 

cancer characterized by overexpression of ErbB2 receptor, comprising administering an effective 

amount of a combination of an anti-ErbB2 antibody which binds epitope 4D5 within the ErbB2 

extracellular domain sequence, a taxoid, and a further therapeutic agent, to the human patient. 

39. (Previously presented) The method of claim 38 wherein the breast cancer is metastatic 

breast carcinoma. 

40-41. (Canceled) 

42. (Previously presented) The method of claim 38 wherein the antibody is a humanized 

4D5 anti-ErbB2 antibody. 

2 
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43. (Previously presented) The method of claim 38 wherein the taxoid is paclitax.el or 

docetaxel. 

44. (Previously presented) The method of claim 38 wherein efficacy is measured by 

determining the time to disease progression or the response rate. 

45-46. (Canceled) 

47. (Previously presented) The method of claim 38, wherein the further therapeutic agent is 

selected from the group consisting of: another ErbB2 antibody, EGFR antibody, ErbB3 antibody, 

ErbB4 antibody, vascular endothelial growth factor (VEGF) antibody, cytokine, and growth 

inhibitory agent. 

48. (Previously presented) A method for the treatment of a human patient with ErbB2 

overexpressing breast cancer, comp1ising administering a combination of an antibody that binds 

epitope 4D5 within the ErbB2 extracellular domain sequence, a taxoid and a further growth 

inhibitory agent, in the absence of an anthracycline derivative, to the human patient in an amount 

effective to extend the time to disease progression in the human patient. 

49. (Previously presented) The method of claim 48 wherein the breast cancer is metastatic 

breast carcinoma. 

50. (Withdrawn) The method of claim 38 wherein the third therapeutic agent is 

another ErbB2 antibody. 

51. (Withdrawn) The method of claim 38 wherein the third therapeutic agent is a 

vascular endothelial growth factor (VEGF) antibody. 

52. (Currently amended) The method of claim 38 wherein the tffiffi-further therapeutic 

agent is a growth inhibitory agent. 

53. (Previously presented) The method of claim 52 wherein the growth inhibitory agent is a 

DNA alkylating agent. 

3 
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