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Duration of therapy in metastatic breast cancer:
management using Herceptinâ
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Despite progressive developments in therapeutic interven-
tions, including surgery, radiotherapy and chemotherapy,
there has been no major improvement in the survival of
women with metastatic breast cancer (MBC). Based on
knowledge of tumor growth patterns, approaches addressing
this issue have included increasing chemotherapy dose or
dose density and extending the duration of therapy. How-
ever, only the latter approach has resulted in improved
clinical benefit, although not survival; and its use is
restricted by the cumulative toxicity of chemotherapeutic
agents. Therefore, the best hope for improved survival lies
with new classes of anticancer drug and particularly
biological agents. This review focuses on the first onco-
gene-targeted therapy for human epidermal growth factor
receptor-2 (HER2)+ MBC patients. The humanized anti-HER2
monoclonal antibody Herceptinâ has proven clinical benefits
in HER2+ MBC patients, most importantly improved survival,
and is rapidly becoming a standard of care for these patients.
In contrast to the fixed number of cycles used for
chemotherapeutic agents, Herceptin is administered until
disease progression, with some data suggesting that con-
tinuation beyond disease progression should be investi-
gated. The preclinical and clinical findings on which the
current recommended duration of Herceptin therapy are
based are reviewed and alternative strategies are discussed.
[# 2001 Lippincott Williams & Wilkins.]
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Introduction

Advances in the field of medical oncology have
resulted in anticancer drugs joining surgery and
radiotherapy as effective interventions in the routine
management of most stages of breast cancer.1 How-
ever, despite improvements in time to disease
progression, time to treatment failure and quality of

life (QoL), the lack of significant improvement in
survival in patients with metastatic breast cancer
(MBC) remains a major concern.2±6 This failure to
improve survival could be due to the failure of
chemotherapy to affect the natural history of MBC.

Research into tumor cell growth provided the
intellectual framework and rationale for the current
widespread use of combination chemotherapy. How-
ever, the optimal duration of chemotherapy has not
been established,2 at least in part because drug-related
toxicity prevents extended-duration therapy despite
data showing that this approach increases clinical
benefit.7,8 Therefore, research is now focused on
developing novel therapies that are effective but less
toxic than chemotherapy. These new agents may have
an important role in the management of patients with
MBC due to their favorable safety profiles and lack of
cumulative toxicity. Furthermore, the use of agents
with novel mechanisms of action may enhance the
effects of current cytotoxic chemotherapy regimens.
This has a precedent in early breast cancer with
evidence showing that chemotherapy and hormonal
therapy are complementary, and that the combination
produces additional benefits over those of chemo-
therapy alone.9,10

Targeting the human epidermal growth factor
receptor-2 (HER2) is a unique example of a biological
approach to treating advanced breast cancer. The
identification of HER2,11 the recognition that it has
prognostic and potential predictive significance,12±14

and its role as an oncogene in the development of
breast cancer15 made it an attractive target for
anticancer therapy. This led to investigation of a range
of biological approaches to targeting HER2.16±22 The
humanized anti-HER2 monoclonal antibody (mAb)
Herceptin1 (trastuzumab) targets the cell surface
HER2 receptor, which has growth-modulating activity.
Herceptin is the first anti-HER2 therapy developed to
date with proven clinical efficacy and tolerability in
patients with HER2+ MBC.23±30
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The rapid development and introduction of Her-
ceptin into the clinic have resulted in significant issues
in regard to its optimal use, particularly in relation to
when to initiate therapy, whether to use monotherapy
or combination therapy and which agent(s) to
combine Herceptin with, and how long to continue
therapy. The first two of these issues have been and
continue to be addressed in clinical trials, with current
data indicating that Herceptin is effective and
generally well tolerated as monotherapy and in
combination with various cytotoxic agents, and that
efficacy increases when it is used upfront in the
metastatic setting.24,27,29±31 In terms of treatment
duration, the current recommendation is that Hercep-
tin should be used until disease progression without
dose modification. This recommendation is based on
preclinical and clinical data, as well as consideration of
cancer cell growth kinetics, and their role in
determining the most appropriate dose and duration
of cancer therapy. Other strategies have not been
tested. This review discusses the implications of
cancer cell growth kinetics for the use of biological
therapies whose major effect is not cytotoxicity, using
Herceptin as a specific example. The rationale for
using Herceptin until disease progression is discussed
in detail.

Kinetics of cancer cell growth and
optimizing anticancer therapy

The Skipper±Schabel hypothesis was one of the
earliest attempts to explain the activity of anticancer
drugs and states that a given dose of a specific drug
kills a fixed fraction rather than an absolute number of
cancer cells.32,33 While this is true of tumors that grow
exponentially, most tumors display non-exponential
growth kinetics. Research has demonstrated that cell
kill is proportional to tumor growth rate, which
decreases as tumor size increases.7 This results in a
sigmoid growth pattern characterized by growth that
is greatest when tumors are smallest.7 The significance
of this is that smaller tumors tend to regrow faster
between cycles of chemotherapy than larger tumors.
Thus, antitumor effects during treatment need to be
optimized while tumor regrowth between treatment
cycles is prevented.

A variety of approaches to optimizing the anticancer
effects of chemotherapy have been used. Despite
conflicting evidence on the importance of chemother-
apy dose,34±36 one of the most common approaches is
dose intensification by dose escalation.34 However,
the benefits in terms of cell kill produced by higher
doses have not realized clinical benefit, possibly due

to the rapid regrowth of tumor cells. Another
approach is to increase dose density by reducing the
time between treatment cycles. Both alternating and
sequential schedules are capable of delivering drugs at
recommended doses, with sequential dosing poten-
tially providing the optimal dose density for each
individual agent. This approach has been shown to be
more effective than alternating schedules.37±40 How-
ever, toxicity remains a problem and the clinical
efficacy of both of these approaches appears to be
restricted by a limit to the magnitude of cytoreduc-
tion.41 Peters et al. have shown that the survival
duration of MBC patients treated with high-dose
consolidation chemotherapy at complete response
(CR) is shorter than that of patients who received the
same therapy at relapse of CR.35 These data suggest a
lack of clinical benefit from high-dose/dose-dense
approaches in MBC.

Biological factors affect both prognosis and
response to therapy in MBC. For example, HER2
gene amplification/protein overexpression is asso-
ciated with more aggressive disease, shortened
disease-free and overall survival,13,14 and altered
responses to conventional anticancer agents.42,43

These findings have stimulated research into biolo-
gical agents that are directed against the quantita-
tively abnormal growth factor receptors that
determine this adverse phenotypic behavior. One
of the aims of these research efforts is to enhance
the efficacy of existing anticancer treatment by
inhibiting tumor cell regrowth. Furthermore, target-
ing tumor cells should potentially reduce the
incidence of side effects. Thus, biological agents
hold the promise of controlling tumor growth over
long time periods, suggesting a need to change the
anticancer treatment paradigm.

Extended-duration therapy is not a widely accepted
or practical concept in cancer management, with the
exception of the use of tamoxifen in chemoprevention
and adjuvant therapy to prevent relapse.44 However,
data show that longer-duration chemotherapy pro-
duces better median time to disease progression and
increased QoL compared to shorter durations of the
same regimens until progression of disease,2±6,45 but
does not have a significant impact on patient
survival.3,6 For this reason, current practice is generally
a compromise, with chemotherapy being continued
until maximal response to achieve a balance between
benefit and drug-related toxicity.2 However, biological
agents such as Herceptin may provide additional
benefit by virtue of not having cumulative toxicity,
allowing use beyond maximal response. The rationale
for this approach to the use of Herceptin is discussed
below.
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Targeting HER2+ breast cancer
with Herceptin

Herceptin is the result of a rational development
process in which HER2 amplification/overexpression
was identified as a tumor-associated abnormality with a
role in cancer pathogenesis and prognosis, making it a
potential therapeutic target.12±15 Murine anti-HER2
mAb were the first method of targeting the receptor to
be investigated, and the antibody designated 4D5 was
shown to have greatest specificity for HER2+ cells. To
overcome the problem of neutralization of murine
antibodies by the human immune system, 4D5 was
humanized. This involved combining the hypervari-
able antigen-binding portions of the murine antibody
with a human immunoglobulin variable framework
using recombinant DNA technology to produce a
humanized antibody with specificity similar to that of
the murine antibody.18

Preclinical studies of Herceptin

Early studies demonstrated that Herceptin exerts a
cytostatic effect on breast cancer cells overexpressing
HER2, downregulates the number of HER2 receptors
on the cell surface and supports antibody-dependent
cellular cytotoxicity (ADCC) against human tumor cell
lines, but has no impact on healthy HER27

cells.18,46,47 Furthermore, synergistic and additive
cytotoxic effects were observed when Herceptin was
combined with chemotherapeutic agents including
cisplatin, paclitaxel and doxorubicin both in vitro and
in mouse xenograft models of breast cancer.48±50

Importantly, withdrawal of Herceptin treatment in
preclinical models resulted in rapid tumor regrowth
(Figure 1).50 This suggests that the presence of
Herceptin is required for continued tumor suppres-
sion.

Clinical trial experience with Herceptin

A number of phase II and III trials have been
conducted with Herceptin either as monotherapy or
in combination with chemotherapy in HER2+ MBC
patients.24±30 Most of these studies have used the
standard regimen of a 4 mg/kg i.v. initial dose followed
by a 2 mg/kg weekly i.v. infusion of Herceptin until
disease progression.

Single-agent Herceptin. Two major phase II trials of
Herceptin monotherapy have been conducted, both of
which demonstrated that Herceptin has significant
clinical benefit.25,29,30 In both trials, Herceptin was
administered until disease progression. When used as

second- or third-line monotherapy in heavily pre-
treated HER2+ women with stage IV breast cancer,
Herceptin produced an overall response rate of 15%,
and a median duration of response and survival of 9.1
and 13 months, respectively.25 Furthermore, in
patients who were strongly HER2+ the response rate
was 18% and response duration increased to 16.4
months. These results were confirmed by an indepen-
dent Response Evaluation Committee. The observed
benefit was greater when Herceptin was used as first-
line monotherapy: the overall response rate was 26%
and a further 12% of patients had stable disease for
longer than 6 months.29 The greater benefit of
Herceptin in strongly HER2+ patients observed in the
pivotal monotherapy trial was also observed in this
trial: the response rate was 35% and survival was 24.4
months.30

Importantly, these studies demonstrated that the
side effects associated with Herceptin are generally
mild to moderate in severity and infusion related.25

Typically, patients may experience fever and chills
with the first dose of Herceptin. Other infusion-related
symptoms include nausea, headache, pain, asthenia
and dyspnea. These symptoms are manageable and
usually resolve during the infusion. The most signifi-
cant event associated with treatment in these trials
was cardiotoxicity, which affected 4.7% of patients
who received second/third-line Herceptin monother-
apy and 2.6% of patients who received first-line
monotherapy.25,29,30 The majority of these patients
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Figure 1. Effect of cyclic therapy with cisplatin plus
Herceptin on the growth of MCF-7/HER2 breast tumor
xenografts in nude mice. Reproduced, with permission, from
Pietras et al.50
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had underlying cardiac disease and prior anthracycline
exposure or risk factors for anthracycline-induced
cardiotoxicity. Most patients improved with standard
cardiac therapy whether or not Herceptin was with-
drawn.

Herceptin monotherapy is also associated with QoL
benefits. Lieberman et al. demonstrated that health-
related QoL was maintained while patients were
receiving Herceptin in the trial of second/third-line
monotherapy, i.e. until disease progression.51 First-line
Herceptin monotherapy produced similar benefits and
it was concluded that in terms of clinically meaningful
health-related QoL most patients achieve benefit from
Herceptin therapy or at worse do not experience
deleterious effects.52

Herceptin in combination with chemotherapy.

The studies of Herceptin monotherapy demonstrated
that it has significant antitumor activity, is generally
well tolerated and has a positive impact on QoL for the
duration of its use. These features, together with
preclinical data on synergy,48±50 suggest a role for
combination with chemotherapy. Clinical trials re-
ported to date have demonstrated that the addition of
Herceptin, administered until disease progression, to
paclitaxel, anthracycline/cyclophosphamide (AC),
docetaxel and vinorelbine produces clinical benefit
greater than that of chemotherapy alone (Table
1).24,27,28,31 The largest of these trials, a multicenter,
randomized, open-label, phase III trial involving 469

HER2+ patients, demonstrated that adding Herceptin
to first-line chemotherapy (AC or paclitaxel) signifi-
cantly prolonged median time to disease progression,
increased the overall response rate and prolonged
median response duration.28 Most importantly, the
combination of Herceptin plus chemotherapy in-
creased overall survival from 20.3 to 25.1 months
after a median of 30 months follow-up. Furthermore,
when strongly HER2+ patients were evaluated sepa-
rately after 35 months of follow-up, overall survival
was shown to increase by 45% from 20 months in
patients treated with chemotherapy to 29 months in
those treated with Herceptin plus chemotherapy
(Figure 2).53 These survival benefits were observed
despite 65% of all chemotherapy-alone patients subse-
quently being treated with Herceptin at disease
progression. This cross-over design was included in
the original study protocol.28 These observations
strongly suggest that the survival benefit of Herceptin
is achieved when Herceptin is used early rather than
late.

In these combination therapy studies, Herceptin
treatment did not significantly increase the incidence
or severity of side effects normally associated with the
various chemotherapeutic agents studied.24,27,28,31,54

The infusion-related symptom complex of mild-to-
moderate fever and chills was the most common
Herceptin-related event. This favorable safety profile is
reflected in trends toward improvement in QoL noted
with Herceptin combination therapy.54

Table 1. Clinical benefit of Herceptin

Study Herceptin regimen Concomitant Response Median time Overall
therapy rate to progression survival

(%) (months) (months)

Cobleigh 4 mg/kg i.v. followed by 2 mg/kg weekly ± 15 3.1 13
et al.25 until progression
Vogel 8 or 4 mg/kg i.v. followed by 4 or 2 mg/kg. ± 27 versus 3.8 versus 25.8 versus
et al.29 a i.v. weekly until progression 25 3.5 22.9
Slamon 4 mg/kg i.v. followed by 2 mg/kg weekly 3-weekly AC 50 versus 7.4 versus 25.1 versus
et al.28 b until progression or paclitaxel 32 4.6 20.3

(p=0.001) (p=0.001) (p=0.046)
Burstein 4 mg/kg i.v. followed by 2 mg/kg weekly Vinorelbine 75 ± ±
et al.28 b until progression
Seidman 4 mg/kg i.v. followed by 2 mg/kg weekly Weekly 62 ± ±
et al.27 c until progression paclitaxel
Kuzur 4 mg/kg i.v. followed by 2 mg/kg weekly 3-weekly 54 >6 ±
et al.31 until progression docetaxel

aData are shown for patients who received 4 mg/kg followed by 2 mg/kg i.v. and those who received 8 mg/kg followed by 4 mg/kg i.v. until
progression, respectively. Outcomes in these two dose groups were similar.
bData for patients who received Herceptin plus chemotherapy and chemotherapy alone, respectively, are shown. Note that 65% of patients
who progressed on chemotherapy alone crossed over to received Herceptin.
cResponse rate in patients who were HER2+ using the Hercep Test1.
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As was observed in the monotherapy trials, the most
clinically significant adverse effect associated with
Herceptin in these studies was cardiac dysfunc-
tion.24,27,28,31,55 These studies produced additional
information indicating that cardiac events occur
predominantly when Herceptin is used concurrently
with an anthracycline and occur at a significantly
lower rate (8.6%) when the drugs are used sequen-
tially, i.e. using Herceptin in women who have
received prior anthracycline therapy.28,55 Further
analysis of the data from all clinical trials shows that
only three of 84 anthracycline-naive patients devel-
oped heart failure during Herceptin therapy; these
were elderly patients with pre-existing heart disease
and all improved with standard therapy for heart
failure.56 Improvement in cardiac dysfunction with
standard therapy has been observed in the majority of
patients whether or not Herceptin was withdrawn.
Importantly, the incidence of symptomatic cardiac
dysfunction was only 1% when Herceptin was
administered in combination with paclitaxel.28,55

Discussion

The limitations of cytotoxic chemotherapy, particu-
larly in relation to continued disease control, toxicity,
and the failure of manipulating dose and schedule and
of novel cytotoxic combinations to improve survival
have provided the impetus to develop a more rational,
targeted approach to treating breast cancer. Targeting
the HER2 oncogene is one of the first of these targeted
approaches to reach the clinic for the treatment of
advanced breast cancer. Herceptin, both alone and in

combination with chemotherapy and when used as
first-, second- or third-line therapy, has confirmed
clinical benefit and a favorable toxicity profile in
patients with HER2+ MBC.24,25,27±30 These benefits
were obtained when Herceptin was administered until
disease progression.

The use of chemotherapy until disease progression
has been examined,2 but has not entered standard
practice, primarily due to the acute and chronic
toxicity of conventional anticancer drugs and their
impact on patient QoL. Features of Herceptin includ-
ing its safety profile, positive impact on QoL and
antitumor effects mean that different considerations
apply. The importance of the duration of Herceptin
therapy is demonstrated by preclinical studies reveal-
ing that withdrawal of Herceptin treatment is accom-
panied by tumor regrowth.50 These data support the
use of a Herceptin dose regimen that produces
continuous therapeutic serum levels of the drug
(4 mg/kg i.v. initial dose followed by 2 mg/kg i.v.
weekly) until disease progression, as used in most
reported clinical trials.

These trials have consistently demonstrated that
Herceptin produces clinical benefits including in-
creased survival duration and maintained or improved
QoL, while being generally well tolerated. The approved
indications (first-line therapy in combination with
paclitaxel and second/third-line monotherapy for
HER2+ patients with MBC) ensure that the potential
risks of Herceptin therapy, specifically cardiac dysfunc-
tion, are minimized. This has ensured that the risk:be-
nefit ratio of Herceptin therapy is good in women who
have particularly aggressive MBC due to HER2 abnorm-
alities, although some have argued that the cardiac

Herceptin + CT
CT alone
p<0.05

1.0

0.8

0.6

0.4

0.2

0.0
0 5 10 15 20 25 30 35 40 45 50

Time (months)

45%

20 29

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l

Figure 2. Overall survival following treatment with Herceptin plus chemotherapy in women with metastatic breast cancer
overexpressing HER2 at the 3+ level.
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events associated with Herceptin should be given more
importance.57 Furthermore, the use of Herceptin until
disease progression in MBC results in drug-related
mortality rates at least as good and probably better than
those associated with chemotherapy (Roche, data on
file).55

While existing data provide clear support for the use
of Herceptin until disease progression, treatment
beyond progression could be beneficial. Tripathy et

al. have presented data from a recent analysis of patients
who continued to receive Herceptin after disease
progression in the pivotal phase III trial.58 A total of
93 of 235 patients initially treated with Herceptin plus
chemotherapy received Herceptin either alone or in
combination with chemotherapy at disease progression
at the discretion of the investigator. The response rate
among these patients was 11% and response duration
was 6.7 months. Furthermore, no new side effects of
Herceptin were observed with up to 12 months of
therapy, indicating that long-term exposure is well
tolerated. The rationale for this approach lies in
preclinical data indicating that Herceptin is effective
against tumor cells as long as it is present, whereas
Herceptin withdrawal results in rapid tumor re-
growth.50 Furthermore, the synergistic and additive
effects of combinations of Herceptin with different
chemotherapeutic agents may be at least in part due to
different interactions between the mechanisms of
action of Herceptin and the combination agent.49,50

Due to these interactions, substituting one chemother-
apeutic agent with another or adding chemotherapy to
Herceptin monotherapy at disease progression may
produce greater clinical benefit than could be expected
if Herceptin were withdrawn and replaced with
chemotherapy. These strategies require further investi-
gation and clinical confirmation. These aspects of
Herceptin use could be addressed in a study in which
upfront Herceptin plus chemotherapy is compared
with Herceptin monotherapy, with the addition or
substitution of chemotherapy at progression. Prelimin-
ary data show that this approach may have value and
further studies are currently being designed.59

Conclusions

Most available clinical data on Herceptin have been
obtained using a regimen including a 4 mg/kg initial
i.v. dose followed by 2 mg/kg i.v. weekly administered
until disease progression. The clinical benefits of this
regimen include a improvement in survival duration of
up to 45% when Herceptin was administered in
combination with chemotherapy as first-line therapy
for HER2+ MBC. Furthermore, the regimen was

generally well tolerated and has a positive effect on
QoL. The rationale for the use of this Herceptin
regimen is based on both preclinical observations and
the concept that continuous targeting of cells with a
specific abnormality (HER2 amplification/overexpres-
sion) will produce continuous tumor growth suppres-
sion. Based on both preclinical and clinical data, there
is a rationale to support investigation of continuing
Herceptin beyond disease progression in the hope of
obtaining further clinical benefits and providing the
best opportunity for improved survival. This strategy
will be investigated in new clinical trials.
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