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An immunotherapeutic approach to treatment
of breast cancer: focus on trastuzumab plus paclitaxel

Abstract Recent emphasis has focused on the devel-
opment of an immunotherapeutic approach toward
the treatment of breast cancer. In particular, evalua-
tion of antibodies and vaccines are active areas of
research. The monoclonal antibody trastuzumab (H),
directed against the HER-2/neu protein, has resulted
in inhibition of tumor growth in both preclinical and
clinical studies. This effect can be increased when used
in combination with several chemotherapeutic agents.
A randomized trial of chemotherapy alone versus
chemotherapy plus H in untreated metastatic breast
cancer patients found prolonged survival in the com-
bination therapy arm. Cardiac toxicity was increased
with doxorubicin and cyclophosphamide plus H but
not for paclitaxel (T) plus H. Several trials of dose-
dense weekly T have found minimal toxicity and sig-
nificant clinical benefit. These findings prompted the
initiation of a trial to evaluate weekly 1-h T plus
weekly H. Preliminary data from this ongoing study
demonstrate few side effects and a response rate of
64% (95%CI 42-76%). The optimal role of H in the
treatment of breast cancer has not yet been defined.
Additional evaluation in the metastatic and adjuvant
settings is planned.
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Introduction

Although chemotherapy and hormone therapy are the
most common modes of systemic therapy for breast
cancer, an immunotherapeutic approach to treatment
has shown promising results. Investigation of the
optimal role of antibodies and vaccines [5, 7] in the
treatment of both early and advanced-stage breast
cancer is ongoing. Thus far, the most clinically effec-
tive antibody is directed against the HER-2/neu
protein.

The HER-2/neu protein is a 185-kD transmembrane
protein encoded by the HER-2/neu gene and is homol-
ogous to the epidermal growth factor receptor [20].
Overexpression of HER-2/neu, usually in association
with gene amplification, occurs in approximately 25—
30% of breast cancers [20]. Several studies have
demonstrated a less favorable outcome for HER-2/neu-
overexpressing breast tumors [18, 19]. More recent evi-
dence has identified HER-2/neu expression as a possible
predictive factor for determining response to chemo-
therapeutic agents [1, 11, 12, 22].

Preclinical studies have reported inhibition of tumor
growth in breast cancer cells in vitro and in breast cancer
xenografts following administration of the murine
monoclonal antibody 4DS5 [8, 9]. This antibody, which
binds to the extracellular domain of HER-2/neu, has
been humanized, leading to production of an IgGl1 an-
tibody containing murine elements in the complemen-
tarity-determining regions [3]. Subsequent preclinical
evaluation of this recombinant antibody, rhuMADb
HER-2 (trastuzumab, H [Herceptin]), showed an anti-
proliferative effect in breast cancer xenografts which
may increase when it is used in combination with various
chemotherapeutic agents [14, 16]. Mechanisms of action
of this antibody may involve disruption of DNA repair
[16] and induction of antibody-dependent cellular cyto-
toxicity [3].
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Clinical trials of trastuzumab

Following initial phase I trials, several phase II clinical
trials were conducted in metastatic breast cancer pa-
tients. A study by Baselga et al. [2] evaluated 46 patients
with HER-2/neu overexpressing tumors and measurable
disease. The treatment schedule was based on earlier
studies [2, 3] that found tumor inhibition at trough se-
rum levels of 10 mcg/mL of antibody. rhu-MAb HER-2
was administered at a loading dose of 250 mg iv over
90 min on day 0, followed by weekly doses of 100 mg
iv X 10 weeks. Patients could continue on therapy until
disease progression.

Approximately 83% of patients had received =1
chemotherapy regimen for metastatic disease. Few toxi-
cities, including transient fever and chills, were noted.
The overall response rate was 11.6% (95% confidence
interval [CI] 4.36-25.9) in 43 evaluable patients. No
human anti-human antibodies were detected; the mean
serum t;, of rhu-NMb HER-2 was 8.3 + 5.0 days.

In another phase II trial [13], 39 patients with meta-
static breast cancer were administered the same schedule
of rhu-MAb HER-2 but with the addition of cisplatin
75 mg/m? on days 1, 29, and 57 with a maintenance dose
until disease progression. Approximately 90% of pa-
tients had received >2 prior chemotherapy regimens for
metastatic disease. Toxicities primarily consisted of
those expected with cisplatin alone, including asthenia,
gastrointestinal symptoms, and low blood counts. A
24.3% overall response rate (all partial responses) was
achieved in 37 evaluable patients, with a median response
duration of 5.3 months. No antibodies were detected
against thu-MAb HER-2 in the 748 doses administered.

A subsequent trial of H evaluated 222 patients with
HER-2-overexpressing metastatic breast cancer [4]. All
patients had received prior chemotherapy for metastases;
32% had received one regimen and 68% two regimens.
After a median follow-up of 12.8 months, the overall
response rate (complete and partial remission) was 21%
(95%CI 16-27%). A 15% (95%CI 11-21%) response
rate was reported by an independent response commit-
tee, with a median response duration of 9.1 months.
There was minimal toxicity, although cardiac toxicity
was reported in nine patients.

To evaluate further the combination of chemothera-
py and H, a randomized trial was conducted in patients
with untreated metastatic breast cancer [21]. Four
hundred and sixty-nine patients with HER-2/neu-
overexpressing tumors were enrolled; 234 received
chemotherapy alone and 235 received chemotherapy
plus H. Chemotherapeutic agents included doxorubicin
60 mg/m? plus cyclophosphamide 600 mg/m?* iv (AC),
or T 175 mg/m? over 3 h iv; both regimens were given
every 3 weeks X six cycles. Patients treated with adju-
vant doxorubicin received T. H was administered at a
loading dose of 4 mg/kg followed by 2 mg/kg/week iv.
After a median follow-up of 10.5 months, the response
rates were: chemotherapy alone 36.2%; chemotherapy

plus H 62%; AC 42%; AC plus H 64.9%; T 25%; and T
plus H 57.3%. The time to disease progression was also
prolonged for the chemotherapy plus H group. Grade 3—
4 cardiac toxicity was more frequent in the AC plus H
group (18%) versus the AC (3%), T (0%), or T plus H
(2%) groups.

This trial was updated by Norton et al. in 1999 [10].
The median overall survival was superior for the che-
motherapy plus H arm versus chemotherapy alone (25.4
versus 20.9 months, P = 0.045) at a median follow-up
of 25 months (range 20-41 months). These findings were
consistent in the subgroups of AC plus H versus AC
(33.4 versus 24.5 months), and T plus H versus T (22.1
versus 18.4 months). Upon disease progression, many
patients received H in addition to other chemotherapy
regimens. Despite the subsequent or continued admin-
istration of H, the overall survival was greater in patients
who had received the initial combination of chemo-
therapy plus H. The increased incidence of grade 3-4
cardiac toxicity was again observed to be higher in the
AC plus H group (19%) than in the T plus H group
(4%).

The findings of these trials led the United States Food
and Drug Administration to approve H for the
treatment of metastatic breast cancer in patients with
HER-2-overexpressing tumors. Specifically, H alone was
approved for patients treated with >1 prior chemother-
apy regimens for metastatic disease and H in combina-
tion with T for previously untreated metastatic disease.

Clinical trials of weekly T

Recent data suggest that weekly T infusions are effective
therapy for breast cancer. For example, at the Memorial
Sloan-Kettering Cancer Center, Seidman and colleagues
[17] initiated a trial to evaluate the toxicity and clinical
efficacy of weekly T administered as a 1-h infusion in
metastatic breast cancer patients. Eligibility criteria
included one or two prior chemotherapy regimens,
bidimensionally measurable disease, and Karnofsky
performance status >60%. The initial treatment in-
cluded T 100 mg/m? iv over 60 min with premedication
with dexamethasone 20 mg po the night before and
morning of treatment, diphenhydramine hydrochloride
50 mg iv, and cimetidine 300 mg iv 30-60 min prior to
T. Initially a dose-escalation scheme was planned, but
five of nine patients developed grade 3 neuropathy with
T doses >100 mg/m?, and therefore no further dose
escalations were carried out. Dose reductions were rec-
ommended for grade 3 nonhematologic toxicity, platelet
nadirs SSO,OOO/mm3, and infection.

Of the 30 patients treated, all were evaluable for re-
sponse and 29 were evaluable for toxicity. Twelve of 18
patients treated with prior anthracyclines were identified
as anthracycline resistant. The overall response rate was
53% (95%CI 34-72%) with three complete responses
and 16 partial responses, with a median response



duration of 7.5 months (range 2—11 + months). There was
a 50% response rate among the anthracycline-resistant
patients. A median delivered-dose intensity of 91 mg/m?/
week (range 80-108 mg/m?/week) was observed with a
median delivered infusion number of 14 per patient
(range 1-44+).

Grade 3 or 4 myelosuppression was uncommon and
there was no evidence of cumulative neutropenia. Grade
1-2 neurotoxicity was observed in 35% of patients
but improved in several patients with dose reductions.
Two hypersensitivity reactions were observed (one grade
1 and one grade 2), which resolved with diphenhydr-
amine administration and temporary discontinuation
of T. In general, the weekly 1-h regimen was well
tolerated.

Perez et al. also reported preliminary data from a
phase II trial of weekly T infusions in 187 patients with
metastatic breast cancer [15]. Prior taxanes were allowed
with <2 prior chemotherapy regimens for metastatic
disease. T 80 mg/m? iv was administered as a 1-h
infusion. The mean delivered dose was 77.5 mg/m?/
week. In 130 patients, six complete responses and 21
partial responses have been observed. Grade 3—4 myel-
osuppression without infection occurred in 22 patients.
Grade 1-2 neuropathy occurred in 58 patients and grade
3 in 10 patients. This trial also supports the tolerability
of a weekly 1-h infusion schedule.

A current Cancer and Leukemia Group B (CALGB)
study randomizes patients with metastatic breast
cancer to either a T infusion weekly or every 3 weeks to
compare clinical efficacy.

Clinical trials of weekly T plus H

Since weekly 1-h T infusions are well tolerated and H
plus T every 3 weeks is an effective treatment for met-
astatic breast cancer, a trial was initiated in 1998 at the
Memorial Sloan-Kettering Cancer Center to evaluate
a weekly schedule of both agents. Eligibility criteria
include bidimensionally measurable disease, <3 prior
chemotherapy regimens as metastatic or adjuvant ther-
apy, prior taxanes =1 year previously, no central nervous
system or lymphangitic pulmonary disease, and no prior
monoclonal antibody therapy. Immunohistochemical
evaluation of HER-2/neu status is required, although
patients with HER-2/neu-nonoverexpressing or -over-
expressing tumors are eligible for the study.

The treatment schedule includes H 4 mg/kg iv over
90 min on day 0, followed by weekly doses of 2 mg/kg
over 30 min beginning on day 7. T administration begins
on day 1, followed by weekly doses of 90 mg/m? iv over
60 min beginning on day 7. Premedication for T includes
dexamethasone 10 mg iv, diphenhydramine 50 mg iv,
and cimetidine 300 mg iv 30-60 min prior to T. Patients
tolerating the therapy may receive reduced doses of
dexamethasone. To monitor for possible cardiac toxic-
ity, multiple-gated acquisition (MUGA) scans or echo-
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cardiograms are obtained intermittently (i.e., weeks 8§,
16, 28, 40, and 52).

An interim analysis of this ongoing study reported
results in 42 patients following 607 infusions [6]. The
median number of infusions per patient was 16 (range 1—
25) with a median delivered-dose intensity of 82 mg/m?/
week (range 57-90 mg/m?/week). The median patient
age was 50 years (range 33-67 years). Seventy-one per-
cent of patients had received one prior chemotherapy
regimen and 17% two regimens. Anthracyclines had
been administered to 79% of patients, and taxanes to
17%. The overall response rate was 64% (95%CI 42—
76%) in 36 evaluable patients. The response rate in
HER-2-positive patients was 71% (95%CI 52-81%),
with 20 of 28 patients responding. The response rate in
HER-2-negative patients was 37.5% (95%CI 14-66%)
with responses in three of eight patients.

Toxicities thus far include grade 3-4 neutropenia
(10% of patients and two episodes of febrile neutrope-
nia), grade 2 neuropathy (35%), grade 3 neuropathy
(8%), and grade 3—4 diarrhea (7%). There were no sig-
nificant changes in cardiac function, except in one pa-
tient who developed transient congestive heart failure
after receiving a total doxorubicin dose of 615 mg/m”.
Results so far suggest that this regimen is well tolerated
with minimal toxicity.

As this trial is ongoing and the data are preliminary,
no definitive conclusions can be made regarding differ-
ences in response rates for HER-2-overexpressing or
-nonoverexpressing tumors. The current CALGB trial
comparing 1-h infusion of T weekly versus every 3 weeks
has been revised to include H.

Conclusions

H has demonstrated significant clinical benefit in
patients with breast cancer, although its optimal role
remains undefined. Other areas of active investigation
include evaluation of the combination of H with other
chemotherapeutic agents, such as liposomal doxorubi-
cin, gemcitabine, docetaxel, carboplatin, and T. Other
trials will incorporate H in the adjuvant setting in ad-
dition to combinations with hormonal therapy. The
development of an immunotherapeutic approach to the
treatment of breast cancer remains a promising area of
research.

References

1. Baselga J, Seidman AD, Rosen PP, Norton L (1997) HER2
overexpression and paclitaxel sensitivity in breast cancer:
therapeutic implications. Oncology 11: 43

2. Baselga J, Tripathy D, Mendelsohn J, Baughman S, Benz CC,
Dantis L, Sklarin NT, Seidman AD, Hudis CA, Moore J,
Rosen PP, Twaddell T, Henderson IC, Norton L (1996) Phase
11 stuc}:y of weekly intravenous recombinant humanized anti-
p185HER2 monoclonal antibody in patients with HER-2/neu-
overexpressing metastatic breast cancer. J Clin Oncol 14: 737



S26

10.

11.

. Hudziak RM, Lewis GD, Win%:t

. Carter P, Presta L, Gorman CM, Ridgway JB, Henner D,

Wong WL, Rowland AM, Kotts C, Carver ME, Shepard HM
(1992) Humanization of an anti-p185™ER? antibody for human
cancer therapy. Proc Natl Acad Sci USA 89: 4285

. Cobleigh MA, Vogel CL, Tripathy D, Robert NJ, Scholl S,

Fehrenbacher L, Wolter JM, Paton V, Shak S, Lieberman G,
Slamon D (1999) Multinational study of efficacy and safety of
humanized anti-HER2 monoclonal antibody in women who
have HER2-overexpressing metastatic breast cancer that has
progressed after chemotherapy for metastatic disease. J Clin
Oncol 17: 2639

. Disis ML, Grabstein KH, Sleath PR, Cheever MA (1998) Her-

2/NEU peptide vaccines elicit T cell immunity to the Her-2/
NEU protein in patients with breast and ovarian cancer. Proc
Am Soc Clin Oncol 17: 97a (abstract)

. Fornier M, Seidman AD, Esteva FJ, Theoudoulou M, Moyna-

han M, Currie V, Moasser M, Sklarin N, Gilewski T, Surbone A,
Denton C, Bacotti D, Willey J, Bach A, Reuter V, Hortobagyi G,
Norton L, Hudis C (1999) Weekly (W) Herceptin (H) + 1 hour
Taxol (T): phase II study in HER2 overexpressing (H2 +) and
non-overexpressing (H2—) metastatic breast cancer (MBC). Proc
Am Soc Clin Oncol 18: 126a (abstract)

. Gilewski T, Norton L, Houghton A, Israel B (1999) Vacci-

nation of high risk breast cancer patients (pts) lacking identi-
fiable disease with GM2-Keyhole Limpet Hemocyanin (KLH)
conjugate plus QS-21. Proc Am Soc Clin Oncol 18: 439a
(abstract)

M, Fendly BM, Shepard
HM, Ullrich A (1989) pl85"ER? monoclonal antibody has
antiproliferative effects in vitro and sensitizes human breast
tumor cells to tumor necrosis factor. Mol Cell Biol 9: 1165

. Lewis GD, Figari I, Fendly B, Wong WL, Carter P, Gorman

C, Shepard HM (1993) Differential responses of human tumor
cell lines to anti-p185™ER? monoclonal antibodies. Cancer
Immunol Immunother 37: 255

Norton L, Slamon D, Leyland-Jones B, Wolter J, Fleming T,
Eirmann W, Baselga J, Mendelsohn J, Bajamonde A, Ash M,
Shak S (1999) Overall survival (OS) advantage to simultaneous
chemotherapy (CRx) plus the humanized Anti-HER2 mon-
oclonal antibody Herceptin (H) in HER2-overexpressing
(HER2 +) metastatic breast cancer (MBC). Proc Am Soc Clin
Oncol 18: 127a (abstract)

Paik S, Bryant J, Park C, Fisher B, Tan-Chiu E, Hyams D,
Fisher ER, Lippman ME, Wickerham DL, Wolmark N (1998)
erbB-2 and response to doxorubicin in patients with axillary
lymph node-positive, hormone receptor-negative breast cancer.
J Natl Cancer Inst 90: 1361

. Pegram MD, Pauletti G, Slamon DJ (1998) HER-2/neu as a

predictive marker of response to breast cancer therapy. Breast
Cancer Res Treat 52: 65

16.

20.

21.

22.

. Pegram MD, Lipton A, Hayes DF, Weber BL, Baselga JM,

Tripathy D, Baly D, Baughman SA, Twaddell T, Glaspy JA,
Slamon DJ (1998) Phase II study of receptor-enhanced
chemosensitivity —using recombinant humanized anti-
pl185HER2/mU monoclonal antibody plus cisplatin in patients
with HER2/neu-overexpressing metastatic breast cancer
refractory to chemotherapy treatment. J Clin Oncol 16: 2659

. Pegram M, Hsu S, Lewis G, Pietras R, Beryt M, Sliwkowski M,

Coombs D, Baly D, Kabbinavar F, Slamon D (1999) Inhibi-
tory effects of combinations of HER-2/neu antibody and
chemotherapeutic agents used for treatment of human breast
cancers. Oncogene 18: 2241

. Perez EA, Irwin DH, Patel R, Vogel CL, Kirshner J (1999) A

large phase II trial of paclitaxel administered as a weekly one
hour infusion in patients with metastatic breast cancer. Proc
Am Soc Clin Oncol 18: 126a (abstract)

Pietras RJ, Pegram MD, Finn RS, Maneval DA, Slamon DJ
(1998) Remission of human breast cancer xenografts on ther-
apy with humanized monoclonal antibody to HER-2 receptor
and DNA-reactive drugs. Oncogene 17: 2235

. Seidman A, Hudis C, Albanel J, Tong W, Tepler I, Currie V,

Moynahan ME, Theodoulou M, Gollub M, Baselga J, Norton
L (1998) Dose-dense therapy with weekly 1-hour paclitaxel
infusions in the treatment of metastatic breast cancer. J Clin
Oncol 16: 3353

. Seshadri R, Firgaira FA, Horsfall DJ, McCaul K, Setlur V,

Kitchen P, for the South Australian Breast Cancer Study
Group (1993) Clinical significance of HER-2/neu oncogene
amplification in primary breast cancer. J Clin Oncol 11:
1936

. Slamon DJ, Clark GM, Wong SG, Levin WIJ, Ullrich A,

McGuire WL (1987) Human breast cancer: correlation
of relapse and survival with amplification of the HER-2/neu
oncogene. Science 235: 177

Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG,
Keith DE, Levin WJ, Stuart SG, Udove J, Ullrich A, Press MF
(1989) Studies of the HER-2/neu proto-oncogene in human
breast and ovarian cancer. Science 244: 707

Slamon D, Leyland-Jones B, Shak S, Paton V, Bajamonde A,
Fleming T, Eiermann W, Wolter J, Baselga J, Norton L (1998)
Addition of Herceptin™ (Humanized Anti-HER2 Antibody)
to first-line chemotherapy for HER2 overexpressing breast
cancer (HER2+ /MBC) markedly increases anticancer activity:
a randomized, multinational controlled phase III trial. Proc
Am Soc Clin Oncol 17: 98a (abstract)

Thor AD, Berry DA, Budman DR, Muss HB, Kute T, Hen-
derson IC, Barcos M, Cirrincione C, Edgerton S, Allred C,
Norton L, Liu ET (1998) erbB-2, p53, and efficacy of adjuvant
therapy in lymph node-positive breast cancer. J Natl Cancer
Inst 90: 1346



