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ABSTRACT

Background. The role of continued trastuzumab after
progression in women with human epidermal growth
factor receptor (HER)-2� metastatic breast cancer is
controversial. Controlled clinical trials that establish a
benefit from continued trastuzumab have been difficult
to complete.

Methods. In the National Comprehensive Cancer
Center Network (NCCN) Breast Cancer Outcomes
Database, we identified women treated with trastu-
zumab for metastatic or relapsed HER-2� breast can-
cer at eight NCCN centers who subsequently
progressed. Patients were eligible for this analysis if
they initiated treatment at an NCCN institution be-
tween July 1997 and December 2004, received trastu-
zumab-containing treatment, and progressed while
on therapy. We calculated the proportion of patients
who received trastuzumab after progression, and in a
multivariate analysis assessed the association of pa-

tient and provider characteristics with continued
trastuzumab therapy.

Results. Our final cohort consisted of 218 women who
experienced disease progression while on trastuzumab-
containing therapy. Of these, 168 (77%) continued tras-
tuzumab. Of these, 36 patients (17%) received therapy
as part of a clinical trial. The only factors significantly
associated with continuation of trastuzumab beyond
progression were the presence of bone metastases and
more recent year of development of progressive disease.

Conclusions. Prior to the availability of any high-
quality evidence supporting this practice, over three
quarters of patients treated with trastuzumab for
HER-2� metastatic breast cancer at eight NCCN cen-
ters continued therapy beyond progression. Further
work is needed to understand how physicians adopt new
treatments when there is ambiguity surrounding their
benefit. The Oncologist 2011;16:559–565
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BACKGROUND

Trastuzumab was first approved in 1998 for the treatment of
patients with metastatic breast cancer whose tumors over-
express human epidermal growth factor receptor (HER)-2.
The landmark trial found a longer time to disease progres-
sion, a higher rate of objective response, and a longer over-
all survival time in patients who received trastuzumab in
combination with chemotherapy than in those who received
chemotherapy alone in the frontline setting [1]. Based on
these findings, treatment with trastuzumab-based therapy is
recommended for women with HER-2/neu� breast cancer.

In the decade that followed its approval, many oncologists
adopted the practice of continuing trastuzumab after the can-
cer progressed. Most often, the oncologist changed the chemo-
therapy “partner” given in combination with trastuzumab.
However, prior to the 2009 publication of a clinical trial show-
ing a higher response rate and longer progression-free survival
interval, there were no randomized data to support this prac-
tice. There were only data from uncontrolled studies [2, 3] and
case series [4–7] suggesting that the practice was safe and not
associated with excess toxicity. In addition, responses and lon-
ger survival were seen with subsequent lines of trastuzumab-
based therapy; however, given the lack of randomization,
several articles called for randomized trials to clarify the true
benefit [8, 9]. Given the paucity of information to support this
practice, starting in 2005, guidelines from the National Com-
prehensive Cancer Network (NCCN) stated “the value of con-
tinued trastuzumab following progression on first line-
trastuzumab containing chemotherapy for metastatic breast
cancer is unknown. The optimal duration of trastuzumab in pa-
tients with long-term control of disease is unknown” [10–14].
Despite this ambiguity, a physician survey published in 2005
suggested that �80% of respondents would recommend con-
tinued trastuzumab beyond disease progression [15]. How-
ever, we are unaware of any published data on the actual rate of
trastuzumab use after progression in clinical practice.

In this study, we used data from the NCCN Breast Cancer
Outcomes Database to characterize the use of trastuzumab be-
yond disease progression in NCCN centers prior to the 2009
publication supporting it use [16]. Given the high cost of
monoclonal antibodies such as trastuzumab, we believe it is
important to characterize their use in settings where high-
quality evidence from clinical trials is not available.

METHODS

Data Source
Since July 1997, the NCCN Breast Cancer Outcomes Da-
tabase Project has collected prospective data on patient and
tumor characteristics, treatments, and outcomes for women
with newly diagnosed localized and metastatic breast can-

cer treated at participating member institutions. All new pa-
tients presenting to NCCN participating centers are
screened for eligibility. Patients are eligible if they receive
part of their first-line therapy (surgery, chemotherapy, or
hormonal therapy) at the center. Patients who receive a sec-
ond opinion or radiation therapy only are not eligible.

The eligibility criteria and data collection procedures
for the database were described previously [17–19].
Briefly, clinical, treatment, and recurrence information is
abstracted from medical records by dedicated and trained
clinical research associates at each site. Whenever a chemo-
therapy regimen is discontinued or changed, reasons for
discontinuation are coded using a standardized list based on
documentation in the record. Information regarding meno-
pausal status, educational status, and employment status are
collected by patient survey at initial presentation to the
NCCN center. Rigorous data quality assurance processes
were in place to validate the accuracy of the data used in this
study. These included initial and follow-up data manage-
ment training, online edit checking during Web-based data
entry, programmed logic checks against the pooled data re-
pository, routine quality assurance reports to the centers for
rectification by the data managers, and audits of a random
sample of source documents against the submitted data,
conducted within the first few months of data collection and
repeated annually at each institution.

Eight institutions contributed data to this analysis: City
of Hope Comprehensive Cancer Center, Duarte, CA; Dana-
Farber Cancer Institute, Boston, MA; Fox Chase Cancer
Center, Philadelphia, PA; The University of Texas MD An-
derson Cancer Center, Houston, TX; Roswell Park Cancer
Institute, Buffalo, NY; University of Michigan Compre-
hensive Cancer Center, Ann Arbor, MI; Arthur G. James
Cancer Hospital and Richard Solove Research Institute at
Ohio State University, Columbus, OH; and H. Lee Moffitt
Cancer Center and Research Institute at the University of
South Florida, Tampa, FL. Each institution is an academic
center where the physicians who treat breast cancer gener-
ally devote most or all of their clinical effort to breast cancer
care. The institutional review boards (IRB) at each center
approved the data collection, transmission, and storage pro-
tocols. When institutional IRBs required signed informed
consent for data collection, only patients who provided con-
sent were included in the database. The Data Coordinating
Center is located at City of Hope National Medical Center.

Patients
We included women with HER-2/neu� breast cancer who
initiated treatment at one of the eight NCCN institutions be-
tween July 1997 and December 2004 and who progressed
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on trastuzumab-containing treatment for recurrent or meta-
static disease.

Definition of Disease Progression on Therapy
Patients were considered to have progressed on therapy if:
(a) treatment was discontinued or changed and the reason
for discontinuation was coded as progression, (b) treatment
was discontinued or changed and no reason was provided in
the record, or (c) a second agent was added �60 days after
the initiation of single-agent trastuzumab therapy.

Analysis
Trastuzumab-containing regimens before and after pro-
gression were categorized based on whether the regimen
also consisted of (a) an anthracycline, (b) a taxane, (c) vi-
norelbine, (d) other single-agent chemotherapy, (e) combi-
nation chemotherapy, or (f) trastuzumab alone. These
categories included patients who were on hormonal therapy
in conjunction with trastuzumab with or without chemo-
therapy. All regimens were also classified based on whether
they were given as a component of an IRB-approved clini-
cal trial.

We used multivariate logistic regression analysis to as-
sess the association of the following clinical and patient fac-
tors with receipt of continued trastuzumab after cancer
progression: year that progression occurred while on tras-
tuzumab, patient age at cancer progression, tumor hormone
receptor status at diagnosis of metastases, number and sites
of metastatic disease (classified as bone, central nervous
system [CNS], visceral, or other), and NCCN institution.
Age at progression was classified as �50, 50 to �70, or
�70 years, and year of progression was classified as 1999–
2000, 2001–2002, 2003–2004, or 2005 onward. Only those
explanatory variables with a p-value �.2 based on the uni-
variate analysis were included in the logistic model. All p-
values were two-sided, and analyses were conducted using
SAS software (version 9.1.3; SAS Institute, Inc., Cary,
NC).

RESULTS

Patients
We identified 547 patients with HER-2/neu� metastatic
breast cancer who began a component of their initial cancer
treatment at one of the eight NCCN institutions in July 1997
to December 2004. Of this group, 369 patients (67.5%) re-
ceived trastuzumab at some point for treatment of meta-
static disease. Of the 369 patients who received
trastuzumab, 218 (59%) progressed while receiving a
trastuzumab-containing regimen; this group comprised the
analytic cohort for this study.

The characteristics of the 218 patients included in this
analysis are shown in Table 1. The median age at the time of
diagnosis of metastatic breast cancer was 49.1 years (range,
24.5–91.6 years). Slightly less than half of the patients
(43%) had stage IV disease at presentation. Of the 57% with
a metastatic recurrence, almost all (92%) had received prior
neoadjuvant or adjuvant chemotherapy without trastu-
zumab. The majority of patients had more than one site of
metastatic disease, with visceral sites in 81%, bone in 70%,
and CNS in 53% of patients. At the time of disease progres-
sion on trastuzumab, the majority of patients were receiving
a single chemotherapy agent in conjunction with trastu-
zumab, most commonly a taxane; 22% were receiving tras-
tuzumab alone.

Table 1. Characteristics of patients who progressed on a
trastuzumab-containing regimen for metastatic breast
cancer (n � 218)

Characteristic n (%)

Median age at diagnosis of recurrent
disease (min–max)

49.3 (25.1–91.6)

Median age at diagnosis (min–max) 48.3 (24.5–88.2)

Stage IV at diagnosis 94 (43)

Stage I–III at diagnosis 124 (57)

Prior neoadjuvant or adjuvant
hormonal therapy

57 (46)

Prior neoadjuvant or adjuvant
chemotherapy

114 (92)

Site of metastatic diseasea

Bone 153 (70)

Central nervous system 115 (53)

Visceral 176 (81)

Other 108 (50)

n of involved sites of metastatic
disease at time of diagnosis

1 30 (14)

2 55 (25)

3 52 (24)

�3 81 (37)

Treatment regimen at time of
progression

Anthracycline � trastuzumab 2 (1)

Taxane � trastuzumab 91 (42)

Vinorelbine � trastuzumab 60 (28)

Other single agent � trastuzumab 14 (6)

Other regimen � trastuzumab 3 (1)

Trastuzumab alone 48 (22)
aPatients could have multiple sites diagnosed on first
recurrence date; therefore, patients may be counted more
than once.
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Use of Trastuzumab After Progression
Characteristics of treatments received beyond disease pro-
gression on trastuzumab are shown in Table 2. Seventy-
seven percent (168 of 218) of the patients received further
trastuzumab. After disease progression, single-agent vi-
norelbine was the most commonly used concomitant che-
motherapy (21%), followed by single-agent taxane (17%).
Seventeen percent of patients were treated with trastu-
zumab alone after disease progression. Of the patients who
continued to receive trastuzumab, only 21% (36 of 168) re-
ceived their treatment as part of a clinical trial.

Factors Associated with the Use of Trastuzumab
After Disease Progression
As shown in Tables 3 and 4, for both the univariate and mul-

tivariate analyses, the only factors significantly associated
with use of trastuzumab after progression were more recent
year of progression (p � .038) and the presence of bone me-

Table 2. Subsequent treatment and clinical trial
participation after progression on a trastuzumab-
containing regimen for metastatic breast cancer (n � 218)

Treatment

Overall
(n � 218)a

On clinical
trial (n � 41)b

n (%) n (%)

Trastuzumab containing

Anthracycline �
trastuzumab

3 (1) 1 (2)

Taxane � trastuzumab 38 (17) 3 (7)

Vinorelbine � trastuzumab 46 (21) 13 (32)

Other single agent �
trastuzumab

37 (17) 10 (24)

Other regimen �
trastuzumab

8 (4) 4 (10)

Trastuzumab 36 (17) 5 (12)

Total 168 (77) 36 (88)

Nontrastuzumab containing

Anthracycline 7 (3) 1 (2)

Cyclophosphamide,
methotrexate, and
5-fluorouracil

3 (1) 0 (0)

Taxane 2 (1) 0 (0)

Other single agent 17 (8) 1 (2)

Other regimen 11 (5) 3 (7)

Hormone therapy alone 7 (3) 0 (0)

No therapy received
within 60 days of
completing trastuzumab-
containing regimen

3 (1) N/A

Total 50 (23) 5 (12)
aOf 218 patients who received treatment outside a clinical
trial, 16 received hormonal therapy in combination with
single-agent trastuzumab. Nine received hormonal
therapy in combination with other therapies.
bOf the 41 patients who received treatment as part of a
clinical trial, four received hormonal therapy in
combination with single-agent trastuzumab. Two patients
received hormonal therapy in combination with other
therapies.

Table 3. Univariate predictors of continued trastuzumab
use after progression (n � 218)

Factor
Odds
ratio 95% CI

p-
value

Year of progression .008

1999–2000 Referent

2001–2002 3.03 1.09–8.47

2003–2004 2.88 1.11–7.48

2005� 8.61 2.51–29.55

Age (yrs) at progression .18

�50 Referent

50 to �70 1.14 0.58–2.25

�70 0.41 0.14–1.20

Hormone receptor status .96

Positive Referent

Negative 1.10 0.58–2.06

Unknown NEa NEa

n of metastases .32

1 Referent

2� 1.54 0.65–3.61

Bone metastases .07

No Referent

Yes 1.82 0.94–3.53

CNS metastases .28

No Referent

Yes 1.42 0.75–2.68

Visceral metastases .29

No Referent

Yes 0.62 0.26–1.49

Other metastases .047

No Referent

Yes 0.52 0.27–0.99

NCCN institution .26

A Referent

B 0.20 0.01–2.91

C 0.55 0.06–5.07

D 1.40 0.07–28.12

E 0.50 0.06–4.53

F 1.60 0.12–21.59

G 2.20 0.17–29.31

H 1.07 0.09–12.69
aNot estimable because of small sample size.
Abbreviations: CI, confidence interval; CNS, central
nervous system; NCCN, National Comprehensive Cancer
Network.
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tastases (p � .037). None of the other prespecified covari-
ates (age, hormone receptor status, presence of visceral or
other metastatic sites, number of metastatic sites, or NCCN
center) were found to be significantly associated with con-
tinued trastuzumab.

DISCUSSION

We found that three quarters of patients with metastatic
breast cancer treated with a trastuzumab-containing regi-
men in these eight NCCN centers were continued on tras-
tuzumab after disease progression. This high rate is notable
because, during the time period we studied, there were no
randomized controlled clinical trial data supporting the
continuation of trastuzumab after progression, and the
NCCN breast cancer practice guidelines during that time
stated that “the value of continued trastuzumab following
progression on first line-trastuzumab containing chemo-

therapy for metastatic breast cancer is unknown” [10–14].
In addition, more recent year of disease progression was as-
sociated with a higher likelihood of receiving continued
trastuzumab, suggesting that this practice became substan-
tially more common over time, and predated the publication
of the first randomized trial results.

During the period studied, all experience supporting the
use of continued trastuzumab beyond disease progression
came from uncontrolled retrospective case series and single-
arm clinical trials. The results of these studies were incon-
sistent. A study of 40 patients who had previously received
trastuzumab-based therapy for metastatic breast cancer
evaluated the role of capecitabine and trastuzumab. This
was associated with a clinical benefit rate of 70%. In addi-
tion, the time to progression (TTP) of 8 months and overall
survival duration of 24 months were much higher than those
seen in historical controls of patients treated with capecit-
abine monotherapy [3]. A retrospective analysis of 136 pa-
tients with HER-2/neu� breast cancer found that 66 and 47
patients received trastuzumab in the first and second line,
respectively. Of these, 23 patients received trastuzumab be-
yond progression. Patients who received at least two lines
of trastuzumab had a longer TTP than those who received
only one (64.2 months versus 38.5 months), leading the au-
thors to conclude that continued trastuzumab beyond dis-
ease progression may improve survival [20]. However, a
larger retrospective study found that, among patients with
metastatic HER-2/neu� breast cancer whose disease pro-
gressed on trastuzumab-based therapy, the progression-free
and overall survival times were similar between patients
who did (n � 83) and did not (n � 112) continue on trastu-
zumab [4]. Another analysis published in 2010 performed
as part of the Hermine prospective cohort study of patients
with metastatic breast cancer treated with trastuzumab
found a benefit in terms of TTP and overall survival in pa-
tients who received trastuzumab beyond disease progres-
sion (n � 107), compared with those who did not (n � 70).
The authors identified continuation of trastuzumab as an in-
dependent prognostic factor for survival, but also acknowl-
edged that an imbalance in prognostic factors between the
groups could have influenced the results [21].

Despite the high prevalence of breast cancer, randomized
clinical trials to address this important question have suffered
from very poor accrual. A Southwest Oncology Group study
closed after accruing only 17 patients from 30 centers over 18
months [22]. The only published randomized trial (German
Breast Group 26/Breast International Group 03–05) found
benefits in terms of both the response rate and TTP in favor of
trastuzumab plus capecitabine, compared with capecitabine
alone, among women who had progressed on a prior
trastuzumab-containing regimen. In that study, the median

Table 4. Multivariable predictors of continued
trastuzumab use after progression (n � 218)

Factor
Odds
ratio 95% CI

p-
value

Year of progression .038

1999–2000 Referent

2001–2002 2.56 0.84–7.76

2003–2004 2.16 0.76–6.13

2005� 7.20 1.87–27.79

Age (yrs) at progression .16

�50 Referent

50 to �70 1.07 0.50–2.28

�70 0.29 0.08–1.09

Bone metastases .037

No Referent

Yes 2.20 1.05–4.61

Other metastases .72

No Referent

Yes 0.87 0.42–1.82

NCCN institution .36

A Referent

B 0.33 0.02–6.18

C 0.84 0.08–8.75

D 4.77 0.19–117.94

E 0.52 0.05–5.29

F 1.90 0.13–27.70

G 2.14 0.15–30.83

H 0.91 0.07–12.11

Abbreviations: CI, confidence interval; CNS, central
nervous system; NCCN, National Comprehensive Cancer
Network.
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TTP was 8.2 months in the combination arm and 5.6 months
in the capecitabine alone arm (hazard ratio, 0.69; 95% con-
fidence interval, 0.48 – 0.97; two-sided log-rank p �
.0338). The response rate was also higher in the combina-
tion arm than in the single-agent arm (48% versus 27%;
odds ratio, 2.50; p � .0115). However, there was no statis-
tically significant difference in terms of overall survival.
That study, published in early 2009, also closed early be-
cause of poor accrual after recruiting only 156 of 482
planned patients, perhaps as a result of diminished interest
in the question following the release of data showing the
benefit of lapatinib among patients who had progressed on
trastuzumab [16]. Reflecting the somewhat equivocal find-
ings from the German study, the NCCN guidelines were
modified in 2010 to state that “continued trastuzumab fol-
lowing progression on first line-trastuzumab containing
chemotherapy for metastatic breast cancer is an option”
[23].

There is little question that the practice patterns we ob-
served were not based on high-quality evidence during the pe-
riod we studied. There was some debate in the literature at the
time about whether or not the strategy of continuing trastu-
zumab in the absence of supporting randomized trial data rep-
resented an appropriate weighing of the risks and benefits for
patients or a rational use of societal resources [22]. Now that
the results from the first randomized trial addressing this ques-
tion are available [16], it appears that, in hindsight, in this case,
patients may have benefited from their physicians’ decision to
“practice ahead of the evidence.” Unfortunately, such hind-
sight may hide the fact that such early adoption practices have
real potential to cause harm.

The larger question for contemporary practice is
whether or not this pattern will be adopted for other disease
sites in the absence of clinical trial data. Physicians may be
tempted to continue other targeted agents beyond disease
progression in other malignancies, extrapolating from their
experience with trastuzumab in breast cancer patients.
However, given the very high costs and potential toxicities
associated with these agents, it is important that physicians
support clinical trials to address these questions, rather that
treating patients “off study” outside clinical trials with these
potentially toxic and expensive agents. These important
questions will not be answered without the widespread
agreement of both academic and community oncologists to
enroll their patients in ongoing studies.

Our study has several strengths. Although the NCCN
Breast Cancer Outcomes Database Project is not a population-
based sample, it does provide insight into the use of trastu-
zumab at centers across the country. Our results
demonstrated that continued trastuzumab use beyond pro-
gression was not limited to one particular region of the

country or center. In addition, this dataset provides infor-
mation about disease recurrence, reasons for treatment dis-
continuation, and clinical trial enrollment, data that are not
readily available from other sources, such as linked claims
from registry and claims data (e.g., the Surveillance Epide-
miology, and End Results database or Medicare) or com-
mercial insurance data.

Our study also has several limitations. Reasons for dis-
continuation of therapy were not always documented in the
medical record. Therefore, we had to rely on surrogate mea-
sures of progression in some cases. For example, we as-
sumed that patients who were started on chemotherapy or
endocrine therapy �60 days after starting single-agent tras-
tuzumab were considered to have progressive disease.
However, it is possible that chemotherapy or endocrine
therapy could have been started without evidence of disease
progression. However, we believe that bias caused by both
these limitations should be nondifferential and should not
significantly affect our results. In addition, we restricted our
sample to patients who continued to receive their care at the
NCCN center beyond the end of first-line trastuzumab-
containing therapy for advanced disease. Some patients
whose treatment was initiated at an NCCN center may have
opted to transfer their care to oncologists at other centers or
in community practice while they were still receiving active
treatment. However, it seems unlikely that this would have
biased our results because there is no a priori reason to think
that patients who chose to transfer their care would have re-
ceived systematically different recommendations at the
time of progression than those who remained at the NCCN
center.

CONCLUSION

Over three quarters of patients at NCCN institutions received
trastuzumab-based therapy beyond disease progression prior
to the publication of randomized controlled clinical trial data
supporting its use. Understanding how physicians adopt new
treatments when there are limited trial data is especially im-
portant given the recent introduction of promising but costly
and potentially toxic treatments. Patients should be encour-
aged to enroll in clinical trials.
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