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A B S T R A C T

Purpose
Cardiac dysfunction (CD) is a recognized risk associated with the addition of trastuzumab to
adjuvant chemotherapy for human epidermal growth factor receptor 2–positive breast cancer,
especially when the treatment regimen includes anthracyclines. Given the demonstrated efficacy
of trastuzumab, ongoing assessment of cardiac safety and identification of risk factors for CD are
important for optimal patient care.

Patients and Methods
In National Surgical Adjuvant Breast and Bowel Project B-31, a phase III adjuvant trial, 1,830
patients who met eligibility criteria for initiation of trastuzumab were evaluated for CD. Recovery
from CD was also assessed. A statistical model was developed to estimate the risk of severe
congestive heart failure (CHF). Baseline patient characteristics associated with anthracycline-
related decline in cardiac function were also identified.

Results
At 7-year follow-up, 37 (4.0%) of 944 patients who received trastuzumab experienced a
cardiac event (CE) versus 10 (1.3%) of 743 patients in the control arm. One cardiac-related
death has occurred in each arm of the protocol. A Cardiac Risk Score, calculated using patient
age and baseline left ventricular ejection fraction (LVEF) by multiple-gated acquisition scan,
statistically correlates with the risk of a CE. After stopping trastuzumab, the majority of
patients who experienced CD recovered LVEF in the normal range, although some decline
from baseline often persists. Only two CEs occurred more than 2 years after initiation
of trastuzumab.

Conclusion
The late development of CHF after the addition of trastuzumab to paclitaxel after doxorubicin/
cyclophosphamide chemotherapy is uncommon. The risk versus benefit of trastuzumab as given
in this regimen remains strongly in favor of trastuzumab.

J Clin Oncol 30:3792-3799. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Trastuzumab given concurrently with or after adju-
vant chemotherapy has been shown to improve
disease-free survival (DFS) and overall survival in
early-stage human epidermal growth factor receptor
2 (HER2) –positive breast cancer.1-3 Cardiac dys-
function (CD) is the most concerning toxicity asso-

ciated with these regimens, especially when the
chemotherapy includes an anthracycline. We previ-
ously reported a detailed analysis of cardiac safety
with a median follow-up of 27 months for Na-
tional Surgical Adjuvant Breast and Bowel Project
(NSABP) protocol B-31, which randomly assigned
patients with HER2-positive, node-positive breast
cancer to receive four cycles of doxorubicin (60
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mg/m2) and cyclophosphamide (600 mg/m2; AC) followed by either
four cycles of paclitaxel (175 mg/m2) every 3 weeks or 12 weekly doses
of paclitaxel (80 mg/m2; ACP) versus the same chemotherapy plus
weekly trastuzumab (4 mg/kg loading dose, then 2 mg/kg; ACPH) for
52 weeks starting with the first paclitaxel dose.4 We now update the
cardiac safety evaluation of patients on protocol B-31 with an addi-
tional 5 years of follow-up.

The primary purpose of the cardiac safety analysis is to assess the
incremental increase in cardiac toxicity specifically attributable to the
addition of trastuzumab to paclitaxel after AC. In B-31, patients in
the experimental arm were not permitted to receive trastuzumab if
they developed symptomatic myocardial dysfunction during AC,
demonstrated an asymptomatic absolute decline in left ventricular
ejection fraction (LVEF) of more than 15% from baseline value after
AC, or had a post-AC LVEF below the local institution’s lower limit of
normal. As a result, the formal cardiac safety study was restricted to
patients in either arm whose post-AC cardiac function met the criteria
to allow initiation of trastuzumab. Given the demonstrated efficacy of
trastuzumab, it is critical to identify risk factors that predispose pa-
tients to CD and, conversely, to identify patients who may gain con-
siderable clinical benefit from this regimen with minimal cardiac risk.
For this purpose, we have developed a prediction model for cumula-
tive incidence of cardiac events (CEs) based on identified pretreat-
ment risk factors. Finally, it is important to evaluate recovery from CD
not only in patients with severe toxicity, but also in those who experi-
ence asymptomatic declines in LVEF.

PATIENTS AND METHODS

A detailed description of the treatment protocol and cardiac monitoring pro-
cedures has been presented previously.4 In summary, patients enrolled onto
B-31 must have had histologically node-positive, HER2-positive primary
breast cancer without evidence of distant metastatic disease and must have
completed breast surgery and axillary dissection. All patients were required to
have normal LVEF as assessed by multiple-gated acquisition (MUGA) scans
and no significant past or active cardiac disease. MUGA scans were chosen
over echocardiograms in B-31 to minimize interobserver variability across
institutions when applying stopping rules for trastuzumab in asymptomatic
patients.5 Protocol approval by the local human investigations committee and
written informed consent were required.

Patients in both arms were considered evaluable for assessment of car-
diac effects if they met protocol requirements for initiation of trastuzumab
after AC and received at least one dose of post-AC therapy. Cardiac history
forms were submitted at entry, every 6 months for the first 5 years, and yearly
thereafter. Any indications of possible late CEs were followed up with specific
queries. MUGA scans were required in both arms before entry; after AC; and at
6, 9, and 18 months. A CE was defined as a definite or probable cardiac death
or congestive heart failure (CHF) manifested by dyspnea with normal activity
or at rest and associated with an absolute decrease in LVEF of greater than 10
percentage points from baseline to a value less than 55% or a decrease of more
than 5% to a value below the lower limit of normal. Prompt reporting within
14 days was required for any patients with symptoms of possible CHF regard-
less of severity. The source documents were collected, blinded centrally regard-
ing whether the patient received trastuzumab, and reviewed by each member
of the external cardiac advisory panel consisting of three cardiologists. A
majority decision of the cardiac advisory panel determined whether the pro-
tocol criteria for a CE were met. In addition, criteria were established for
withholding trastuzumab and repeating MUGA scans in asymptomatic pa-
tients if 6- and 9-month LVEF values did not remain within predefined limits.4

As a result, the following three cohorts were identified with evidence of CD:
symptomatic patients who met the protocol criteria for a CE, symptomatic

patients who did not meet these criteria, and asymptomatic patients who
discontinued trastuzumab because of a decline in LVEF on scheduled evalua-
tions.

After the initial efficacy report of the joint analysis of B-31 and the North
Central Cancer Treatment Group (NCCTG) protocol N9831, which showed a
52% reduction in the rate of DFS events, patients in the control arm of B-31
were permitted to receive trastuzumab if they were still receiving or were
within 6 months of having completed chemotherapy.

Time to a CE was defined as time from day 1 of cycle 5 to when a CE
occurred. Patients who crossed over from ACP to ACPH were censored at the
time of crossover for the cumulative incidence analysis. The cumulative pro-
portions of CEs were estimated and compared by using the cumulative inci-
dence function.6,7 The competing events were any first event of recurrence,
second primary cancers, and deaths precluding CEs. The Cox cause-specific
proportional hazards model was used to evaluate the association between time
to CHF and cardiac risks factors. A parametric regression model on cause-
specific subdistribution hazard was used to build a prediction model for 5-year
probability of developing CEs with 95% point-wise CIs, adjusting for signifi-
cant risk factors.8 All the covariates with P � .05 from the univariate analysis
were re-evaluated in a multiple covariate model and screened to be included in
the final model. To evaluate the ability of discrimination of the prediction
model, the rank correlation (C-index) among pairs of time to a CE and a
corresponding predicted probability of not experiencing CEs was measured.9

To evaluate the amount of potential bias in the model, the calibration plot
between observed and predicted probabilities of not experiencing CEs is pro-
vided. Subsets of patients are consecutively selected by sliding a window with a
fixed width after ordering the predicted probabilities.10 The C-index value was
further validated using 200 bootstrap samples with replacement.11 Mean de-
creases in LVEF between treatment groups were evaluated using a two-sample
t test. All P values are compared with a two-sided significance level of P � .05.
(See additional statistical information in the Appendix, online only.)

RESULTS

Accrual and Patient Characteristics

The trial opened February 21, 2000, and closed to accrual April
29, 2005, with 2,119 patients (mean age, 49 years) enrolled. Figure 1
summarizes their treatment, evaluation, and follow-up as of April
2010. Median follow-up is 87 months. Of 2,091 patients who began
therapy, 81 patients (7.8%) assigned to ACP and 66 patients (6.3%)
assigned to ACPH had unacceptable post-AC LVEF or had cardiac
symptoms during AC that precluded initiation of trastuzumab had
they been assigned to the investigational arm. In addition, 83 patients
had unknown status of their post-AC evaluation. Of the remaining
patients, 1,830 started post-AC therapy and constitute the primary
evaluable cohort. Patient characteristics are balanced by treatment
arm.4 After the initial efficacy report, 140 of 883 patients in the control
arm received trastuzumab.

Rate of CEs

With an additional 5 years of data since our previous report, 16
additional CEs have been confirmed, six in the trastuzumab arm and
10 in the control arm, including five CEs that occurred among 140
patients who crossed over to receive investigational trastuzumab.
These five patients were censored at the time of first dose of trastu-
zumab for the cumulative incidence analysis. Among 743 evaluable
patients in the control arm with follow-up information who did not
cross over to receive trastuzumab, 10 met criteria for a CE (nine
patients with CHF and one probable cardiac death). Among patients
assigned to receive ACPH, 947 had follow-up information for the
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cumulative incidence analysis. Thirty-seven of the 947 patients expe-
rienced a CE (36 patients with CHF and one cardiac death). The
cumulative incidence of CE in the control arm 7 years after day 1 of
cycle 5 was 1.3% (95% CI, 0.5% to 2.1%), and the cumulative inci-

dence among trastuzumab-treated evaluable patients was 4.0% (95%
CI, 2.8% to 5.2%; Fig 2). The difference was 2.7% (95% CI, 1.2% to
4.2%). The relative risk of a CE was 3.30 in trastuzumab-treated
patients versus patients in the control arm (95% CI, 1.63 to 6.66;
P � .001). Only two of the 37 CEs in the ACPH arm occurred more
than 2 years after initiation of trastuzumab. Seven CEs occurred before
day 1 of cycle 5 (four in ACP arm and three in ACPH arm) and are not
included in the evaluable cohort.

Recovery of Cardiac Function After CE

Among the 37 evaluable patients who received trastuzumab and
met criteria for a CE, one has died because of CHF. Of the remaining
36 patients, 33 were without symptoms of CD when assessed � 6
months after their diagnosis of CHF, although 21 patients continued
to receive cardiac medications (Table 1). All 36 patients had LVEF
assessments at least 6 months after the diagnosis of CHF, and of these,
25 patients had decreased LVEF relative to baseline at their last avail-
able MUGA. On the basis of the most recent MUGA evaluation, LVEF
measurements recovered to at least 50% in 21 patients (Figs 3A
and 3D).

Recovery of Cardiac Function in Symptomatic

Patients Who Did Not Meet Criteria for a CE

Fifty evaluable patients receiving ACPH reported symptoms of
CD that did not meet protocol criteria for a CE; for example, they did
not have dyspnea with normal activity or at rest or had dyspnea for
noncardiac reasons. Forty-nine patients have been observed at least 6
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months since their onset of symptoms, none of whom reported symp-
toms of CD at last follow-up, although 12 patients continued to
receive cardiac medication (Table 1). MUGA results have been re-
ported � 6 months after onset of symptoms for 42 of these patients.

Six patients had persistent LVEF measurements less than 50%, and 29
patients had decreased LVEF relative to baseline at last evaluation,
suggesting some persistent decrement in function (Figs 3B and 3E).

Recovery of Cardiac Function in Asymptomatic

Patients With CD

Of 114 evaluable patients who discontinued trastuzumab as a
result of asymptomatic declines in LVEF, 27 patients subsequently
reported symptoms of possible CD and have been included in the
cohorts described earlier. Of the remaining 87 patients, LVEF has been
reported in 69 patients at least 6 months after discontinuation of
trastuzumab. For 15 of these patients, the most current LVEFs are less
than 50% (Figs 3C and 3F).

Discontinuation of Trastuzumab Therapy in Patients

Receiving ACPH

Of 947 evaluable patients receiving ACPH, trastuzumab was dis-
continued for symptomatic or asymptomatic cardiac-related reasons
in 147 patients (15.5%), including 17 patients (1.8%) during the first
quarter of therapy, 61 patients (6.4%) during the second quarter, 49
patients (5.2%) during the third quarter, and 20 patients (2.1%) dur-
ing the final quarter.

Cardiac Risk Factors and Incidence of CHF

Table 2 lists potential risk factors for CHF. A marginally normal
LVEF by MUGA of 50% to 54%, assessed either at baseline or after AC,
was strongly associated with CHF (P � .001) as a CE. Age at entry
(P � .02) and receiving antihypertensive medications at baseline
(P � .03) were also predictive. There was no increase in CHF among
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Fig 3. (A to F) Histograms of doxorubicin, cyclophosphamide, paclitaxel, and trastuzumab (ACPH) cohorts with left ventricular dysfunction in National Surgical Adjuvant
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Table 1. Follow-Up and Recovery of Evaluable Patients Reporting Symptoms
of Possible Cardiac Dysfunction in NSABP B-31

Reported Outcomes

No. of Patients

ACP
(n � 743)

ACPH
(n � 947)

Cardiac death 1 1
Patients with confirmed NYHA class III/IV

CHF (CE) 10 36
Observed � 6 months from diagnosis of

CHF 4/10� 36/36�

Reported symptoms during last
documented 6-month FU interval 2/4� 3/36�

On medications during last
documented 6-month FU interval 2/4� 21/36�

Patients reporting symptoms not meeting
criteria for CE 15 50

Observed � 6 months from report of
symptoms 8/15� 49/50�

Reported symptoms during last
documented 6-month FU interval 0/8� 0/49�

On medications during last
documented 6-month FU interval 1/8� 12/49�

Abbreviations: ACP, doxorubicin, cyclophosphamide, and paclitaxel; ACPH,
doxorubicin, cyclophosphamide, paclitaxel, and trastuzumab; CE, cardiac
event; CHF, congestive heart failure; FU, follow-up; NSABP, National Surgical
Adjuvant Breast and Bowel Project; NYHA, New York Heart Association.

�No. of patients/total No. of patients.
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women with left-sided lesions receiving radiotherapy (hazard ratio,
0.91; P � .78). In regression analysis, only age and baseline LVEF
remained statistically significant, and using these baseline risk factors,
a prediction model has been developed for the cumulative probability
of CEs up to year 5 in patients who start post-AC therapy. On the basis
of parametric regression on cause-specific subdistribution hazard,8 a
Cardiac Risk Score (CRS) can be calculated as follows:

�7.0 � �0.04 � Age in years�–�0.1 � Baseline percent LVEF�� � 100

4.76

The value from the CRS calculation can then be plotted on the
graph in Figure 4A to obtain the estimated predicted probability of a
CE using the B-31 treatment regimen. The C-index value for this
prediction model was 72%, which implies a high level of discrimina-
tion ability of the developed model in associating the length of time to
a CE with the probability of not experiencing CEs. By bootstrap
analysis, the unbiased estimate after optimism correction was also
high at 70%.

Figure 4B displays the calibration plot assessing the bias of the
prediction model. Each point indicates the Kaplan-Meier estimate
(observed probability) of not experiencing CEs among a subset of
patients versus the mean value of the corresponding predicted

probabilities in that subset. The closeness of the smoothed dotted
line of observed and model-based probabilities and the ideal rela-
tionship (dashed line) implies that the bias from the prediction
model is minimal. The clinical accuracy of the CRS assumes that
the patient eligibility characteristics, cardiac monitoring rules, and
stopping rules for trastuzumab are applied as previously described
(Appendix Table A1, online only).4

Changes in Cardiac Function During AC Precluding

Initiation of Trastuzumab

One hundred forty-seven patients (6.9% of patients randomly
assigned in both arms) did not meet criteria for initiation of trastu-
zumab had they been assigned to ACPH (Appendix Table A2, online
only). Of interest, 70 patients (47.6%) had a post-AC LVEF � 50%,
and 37 patients (25.2%) had a post-AC LVEF � 55%. Patients with
baseline LVEF of 50% to 54% were twice as likely not to meet eligibility
criteria for initiation of trastuzumab compared with patients whose
baseline LVEF was � 55% (13.8% v 6.3%, respectively; P � .001).
Similarly, patients who, at baseline, were receiving antihypertensive
medications (11.6% v 5.8%, respectively; P � .001), diabetes medica-
tions (18.8% v 6.5%, respectively; P � .001), and lipid-lowering med-
ications (20.1% v 5.8%, respectively; P � .001) were two to three times

Table 2. Risk Factors for Trastuzumab-/Chemotherapy-Induced Cardiac Events in NSABP B-31

Risk Factor No. of Patients

CHF

P Hazard Ratio 95% CINo. %

Age, years
� 50 485 11 2.3 Reference
50-59 311 17 5.5 .022 2.43 1.14 to 5.19
� 60 148 9 6.1 .025 2.73 1.13 to 6.60

History of smoking
No 562 19 3.4 Reference
Yes 374 18 4.8 .26 1.45 0.76 to 2.77

Left-sided tumor and radiation
No 590 24 4.1 Reference
Yes 354 13 3.7 .78 0.91 0.46 to 1.78

Family history of cardiac
disease

No 866 34 3.9 Reference
Yes 68 3 4.4 .81 1.15 0.35 to 3.76

Hypertension medications
No 744 24 3.2 Reference
Yes 193 13 6.7 .03 2.10 1.07 to 4.13

Diabetes medications
No 901 37 4.1
Yes 36 0 0.0

Lipid medications
No 859 35 4.1 Reference
Yes 70 2 2.9 .61 0.69 0.17 to 2.86

Baseline LVEF
� 65% 423 9 2.1 Reference
55%-64% 451 19 4.2 .092 1.98 0.89 to 4.37
50%-54% 70 9 12.9 � .001 6.72 2.67 to 16.92

Post-AC LVEF
� 65% 351 4 1.1 Reference
55%-64% 473 19 4.0 .020 3.58 1.22 to 10.52
50%-54% 111 14 12.6 � .001 11.84 3.90 to 35.99

Abbreviations: AC, doxorubicin and cyclophosphamide; CHF, congestive heart failure; LVEF, left ventricular ejection fraction; NSABP, National Surgical Adjuvant
Breast and Bowel Project.
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as likely not to meet eligibility criteria for trastuzumab initiation com-
pared with those not receiving these medications.

Changes in LVEF During Treatment

MUGA scans were completed through 18 months in 660 patients
receiving ACP and 855 patients receiving ACPH. The mean baseline
LVEF was 64% and the mean absolute decrease after AC was 2%

(P � .001) in both arms (Fig 5). There was an additional decrease in
LVEF after paclitaxel with or without trastuzumab. At 6, 9, and 18
months, the mean declines in LVEF from baseline values were 5%,
5%, and 4%, respectively, with ACPH compared with 3%, 3%, and
3%, respectively, with ACP. Although an analysis of variance over time
was significant (P � .001), the mean absolute decline in LVEF at 18
months with ACPH was just 1% greater than with ACP (P � .06).

DISCUSSION

The clinical benefit experienced by patients who received trastuzumab
in the phase III adjuvant trials arguably represents one of the most
striking improvements in outcome for any group of women with
early-stage breast cancer in many years. In the 4-year follow-up of the
joint efficacy analysis from NSABP B-31 and NCCTG N9831, the
addition of trastuzumab to chemotherapy resulted in a 48% reduction
in DFS events, and 93% of patients who received trastuzumab were
alive 4 years after diagnosis.12

Because of these encouraging results, potential cardiac toxicity
remains an important concern. In NSABP B-31, the 7-year difference
in cumulative incidence of protocol-defined CEs between the experi-
mental and control arms is 2.7% (4.0% v 1.3%, respectively). This is
similar to the 3.0% difference in CEs at 3 years seen in the comparable
arms of NCCTG N9831.13 In the Herceptin Adjuvant (HERA) trial,
which required for random assignment an LVEF � 55% after com-
pletion of all chemotherapy and radiation, the cumulative incidence of
severe CHF with trastuzumab therapy was only 0.8% at a median
follow-up of 3.6 years.14 When all symptomatic CHF was included,
however, the difference in CD between trastuzumab and observation
arms was 2.0%.15 The Breast Cancer International Research Group
006 study, which randomly assigned patients to AC followed by do-
cetaxel with or without trastuzumab or to a third arm of trastuzumab,
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carboplatin, and docetaxel, has a low reported incidence of protocol-
defined CEs (0.7% in the control arm, 2.0% in the anthracycline arm
with trastuzumab, and 0.4% in the nonanthracycline experimen-
tal arm).3

On the basis of pretreatment risk factors for a CE in B-31, we have
developed a CRS that may provide a tool for estimating cardiac risk
associated with the addition of trastuzumab to paclitaxel after AC.
This model conforms closely with B-31 data but should be validated in
other studies using similar chemotherapy regimens. For patients who
have a higher CRS, there may be overall greater potential benefit from
a regimen that has proven efficacy but excludes anthracyclines such as
that evaluated in the Breast Cancer International Research Group 006
study. Alternatively, patients with low cardiac risk and more advanced
clinical features of their cancers may derive excellent overall benefit
from the treatment regimen in B-31.

In B-31, the rules for precluding initiation of trastuzumab in the
investigational arm were purposely conservative. As a result, almost
half of the patients who were precluded from starting trastuzumab had
a post-AC LVEF � 50%, and one fourth would have met the eligibility
criterion of LVEF � 55% for random assignment in the HERA trial. In
B-31, a baseline LVEF of 50% to 54% by MUGA and receiving anti-
hypertensive, diabetic, or lipid-lowering medications correlated with
changes in myocardial function during AC that resulted in patients
not meeting the protocol criteria for initiation of trastuzumab.

Concern has been raised about the potential long-term cardiac
effects of adjuvant trastuzumab after anthracycline chemotherapy and
the degree to which CD is reversible.16 Most patients in B-31 who
discontinued trastuzumab as a result of symptomatic or asymptom-
atic CD have recovered LVEF measurements � 50%. In all, 36 patients
(3.8% of the entire evaluable cohort) who discontinued trastuzumab
for cardiac reasons have persistent LVEF values less than 50%. It has
been suggested that the CD seen with trastuzumab therapy is qualita-
tively different from the cardiac injury seen with anthracyclines.17

Whether trastuzumab may exacerbate an underlying toxicity caused
by anthracyclines is unclear, although possible mechanisms have been
proposed.18 Also, studies are evaluating whether cardiac biomarkers
may be useful as predictors of CD.19,20 However, it is encouraging that
only two CEs have occurred more than 2 years after initiation of
trastuzumab. Thus far, there has been only one cardiac-related death
in each arm of the evaluable B-31 cohort. Nevertheless, extended
long-term follow-up is essential.21,22 Cardiac history forms continue
to be submitted annually on all patients. A long-term quality-of-life

and cardiac assessment of B-31 patients who remain disease free is
currently under way.

At present, the risk versus benefit of adjuvant trastuzumab as
given in NSABP protocol B-31 remains strongly in favor of trastu-
zumab therapy. Careful selection of patients with consideration of risk
factors for CD would further improve the therapeutic index for
this regimen.
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