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Long-Term Cardiac Safety Analysis of NCCTG N9831
(Alliance) Adjuvant Trastuzumab Trial
Pooja P. Advani, Karla V. Ballman, Travis J. Dockter, Gerardo Colon-Otero, and Edith A. Perez

A B S T R A C T

Purpose
Significant improvement in survival outcomes has been establishedwith the addition of trastuzumab
to adjuvant chemotherapy for human epidermal growth factor receptor 2 (HER2) –positive early
breast cancer treatment. However, trastuzumab may increase the risk of cardiac toxicity, and long-
term evaluation of its incidence and risk factors are warranted.

Methods
NCCTG (Alliance) N9831 trial compared adjuvant doxorubicin and cyclophosphamide (AC) followed
by either weekly paclitaxel (arm A); paclitaxel then trastuzumab (arm B); or paclitaxel plus trastu-
zumab followed by trastuzumab alone (arm C) in patients with HER2-positive breast cancer.
Cumulative incidence of cardiac events (CE) and left ventricular ejection fraction (LVEF) were
evaluated in 1,944womenwho proceeded to post-AC therapy. Risk factors for trastuzumab-induced
cardiac toxicity were identified by Cox regression models.

Results
The 6-year cumulative incidence of CE was 0.6% in arm A, 2.8% in arm B, and 3.4% in arm C. At a
median follow-up of 9.2 years, only two additional CHF diagnoses (of 1,046 patients) occurred
beyond our previously reported follow-up time of 3.75 years. LVEF recovered in the majority of the
patients who developed CHF. Therewere two cardiac deaths in armA and one each in arms B and C.
Age of 60 years or older, registration LVEF less than 65%, and use of antihypertensive medications
were associated with an increased risk of CE in arms B and C.

Conclusion
The cumulative incidence of CE at 6 years was slightly higher with the addition of trastuzumab;
however, the late development of CE is infrequent. Trastuzumab (in the context of anthracycline-
and taxane-based therapy) continues to have a favorable benefit-risk ratio.

J Clin Oncol 34:581-587. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Approximately 20% of primary invasive breast
carcinomas overexpress HER2.1 The addition of
trastuzumab (Herceptin; Genentech, San Francisco,
CA) to adjuvant chemotherapy has been shown to
significantly improve disease-free survival (DFS)
and overall survival (OS) and forms the backbone of
HER2-positive breast cancer treatment.2-6 A joint
analysis of two pivotal adjuvant trials—NCCTG
(North Central Cancer Treatment Group) N9831
(Alliance) and NSABP (National Surgical Adjuvant
Breast and Bowel Project) B-31 (NRG)—
demonstrated that the addition of 1 year of tras-
tuzumab to doxorubicin and cyclophosphamide
(AC) followed by paclitaxel improved DFS and OS;
the relative risk reduction was 40% and 37%,
respectively, at a median follow-up of 8.4 years.7

Cardiac toxicity is the most concerning adverse
effect of trastuzumab. This usually manifests as an
asymptomatic decline in left ventricular ejection
fraction (LVEF) rather than symptomatic congestive
heart failure (CHF).8 The overall incidence of cardiac
toxicity is variable, depends on the definition used in
various clinical trials, and has been reported to be
2% to 7% for trastuzumab monotherapy, 2% to
13% for trastuzumab and paclitaxel, and as high as
27% in combination with anthracyclines (typically
with cumulative doses greater than 300 mg/m2).9

We have previously reported the short-term
cardiac safety analysis observed in the N9831
adjuvant trial after a median follow-up of 3.75
years.10 This trial randomly assigned patients with
early-stage, operable, HER2-positive breast cancer to
receive four cycles of AC followed by either paclitaxel
alone (arm A), or paclitaxel with trastuzumab either
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sequentially (arm B) or concurrently (arm C). The 3-year cumulative
incidence of cardiac events (CEs) reported was 0.3% in arm A, 2.8% in
arm B, and 3.3% in armC.10 In this analysis, factors associated with an
increased risk of CE were older age (60 years or older), lower LVEF at
registration (less than 55% but greater than the lower limit of normal
[LLN]), and use of antihypertensive medications.

Given the convincing efficacy of trastuzumab, an ongoing eval-
uation of the incidence and risk factors for trastuzumab-associated
cardiac toxicity is imperative. Here, we update the cardiac safety
analysis of theN9831 trial after amedian follow-up time of 9.2 years for
patients who proceeded to post-AC therapy. The investigators of the
B-31 trial developed a cardiac risk score (CRS) to incorporate the
patient’s age and baseline LVEF to predict the absolute risk of CEs in
individual patients.11 Because the treatment arms in the B-31 trial were
comparable to arms A and C of N9831, we also sought to validate the
cardiac risk score in our patients.

METHODS

We have previously described the N9831 treatment protocol, eligibility cri-
teria, and cardiac monitoring procedures2,5 (AppendixFig A1, online only).
Briefly, patients with primary, operable, HER2-positive (by immunohis-
tochemistry [IHC], 31, or fluorescent in situ hybridization [FISH] ratio,$ 2),
lymph node–positive or high-risk lymph node–negative breast cancer, with
no evidence of metastases were enrolled on this study. At registration, all
patients were required to have an LVEF within the institutional normal range
as assessed by multigated acquisition scan (MUGA) or echocardiography
(ECHO). Patients with active cardiac disease; history of CHF, arrhythmia, or
valvular heart disease; myocardial infarction; uncontrolled hypertension; or
other cardiovascular disorders were excluded.Written informed consent was
obtained from all patients. MUGA or ECHO to evaluate LVEF was per-
formed at baseline (within 3 weeks before registration), at 3, 6, and 9months
after registration, and after completion of chemotherapy (18 months for
arms A and C and 21 months for arm B). Thereafter, LVEF evaluation by
MUGA or ECHO was performed at 6 years. Moreover, patients were
observed for clinical cardiac events yearly after completion of the assigned
treatment.

In this study, initiation of trastuzumab was not permitted in patients
whose one-time post-AC LVEF decreased by 15 percentage points ormore to a
value of less than or equal to 15 percentage points below the institutional LLN
or in those who developed symptoms related to left ventricular dysfunction,
cardiac ischemia, or arrhythmia while they received AC. Hence, this cardiac
safety analysis is restricted to patients who proceeded to post-AC therapy and
received at least one dose of post-AC therapy. During treatment with tras-
tuzumab or paclitaxel and trastuzumab, if LVEF decreased by greater than
15% points or to 10% to 15% points below the LLN (compared with reg-
istration LVEF), trastuzumab treatment was held. After repeat evaluation at
4 weeks, if the LVEF recovered, trastuzumab was resumed; if no recovery was
noted, trastuzumabwas discontinued. LVEF recovery was defined as the return
of LVEF to at least the institutional LLN.

Cardiac events were defined as symptomatic CHF, definite cardiac
death (CD; as a result of myocardial infarction, CHF, or arrhythmia), or
probable CD (patient death without documented etiology). Three car-
diologists independently investigated all CEs, and an event was confirmed
as a CE if agreement was reached between at least two cardiologists.

Statistical Analyses
The cumulative incidence of CEs after starting post-AC treatment was

estimated nonparametrically, in which patients were considered at risk from
day 1 of cycle 5 until recurrence, second primary cancer (including con-
tralateral breast disease), noncardiac deaths, or last follow-up.12 In the subset
of patients randomly assigned to trastuzumab-containing regimens, log-rank

tests were used to assess potential risk factors for CEs, in which the time for
patients who did not develop a cardiac adverse event was censored at the last
follow-up date. Point and interval estimates of associated hazard ratios (HRs)
were obtained from univariable Cox models by using registration risk factors
such as age, LVEF at registration, use of antihypertensive medications, eth-
nicity, body mass index (BMI), and radiation therapy as predictors. The CRS
was calculated by using the formula from the B-31 trial11 andwas also included
as a univariable risk factor in a Cox model. The predicted probability of a CE
was also plotted as a function of the CRS. Mean levels of LVEF at 6-years after
registration and the mean change from baseline were compared between each
trastuzumab-containing arm and the non–trastuzumab-containing arm by
using two-sample t tests or the Wilcoxon signed-rank test, if the normality
assumption was not met. The significance level for all tests was designated as
.05. Two-sided tests were used for all analyses.

RESULTS

Of the 3,129 eligible patients who began AC treatment, 1,944 patients
proceeded to post-AC therapy (n 5 1,876 patients with satisfactory
post-AC LVEF that allowed trastuzumab administration; n 5 68
patients who had no LVEF evaluation) and represented the primary
evaluable cohort for assessment of cardiac events (arm A, n5 664; arm
B, n5 710; armC, n5 570; Fig 1). Themedian follow-up time was 9.2
years (min, 0 years; max, 12.9 years). Baseline characteristics of the
patientswere similar across all three arms.5,10 Themedian age of patients
was 49 years (range, 19 to 79 years), and 86% of patients were white.
Approximately 17% of patients (n 5 331) reported use of anti-
hypertensive medications at baseline (arm A, n5 114; arm B, n5 115;
arm C, n 5 102), and 75% of patients (n 5 1,451) received radiation
therapy (arm A, n 5 494; arm B, n 5 535; arm C, n 5 422). The
median baseline LVEF was 63% (min, 45%; max, 87%). Of the 1,944
patients, 651 patients consented to a 6-year follow-up LVEF evaluation.

LVEF in the Post-AC Treatment Patients at 6 Years
The median LVEF at 6 years was 61% in arm A (range, 34% to

77%), 61% in armB (range, 25% to 78%), and 60% in armC (range,
41.2% to 89%; Fig 2A). The absolute median LVEF change from
baseline at 6 years was 23.0% in arm A (range, 233% to
119%),22.5% in arm B (range,234.9% to120%), and23.0% in
arm C (range, 228% to 128%; Fig 2B). Table 1 summarizes the
changes in LVEF in patients who proceeded to post-AC therapy and
those who consented to a 6-year LVEF evaluation.

Clinically Significant Cardiac Events During Post-AC
Treatment Among Patients Who Received Trastuzumab

The 6-year cumulative incidence for CEs was 0.6% (95%CI, 0%
to 1.2%) in arm A, 2.8% (95%CI, 1.6% to 4.1%) in arm B, and 3.4%
(95%CI, 1.9% to 4.8%) in armC (Fig 3A). The cumulative incidence
for CEs in the trastuzumab-containing arms (arms B and C) was 3%
(HR for CE in arms B and C, 2.9; P 5 .0034; Fig 3B). There was a
significant increase in risk of CEs in arms B (HR, 2.6; 95% CI, 1.1 to
6.2) and C (HR, 3.4; 95% CI, 1.4 to 8.0) compared with arm A (P5
.0259). Treatment arms B and Cmaintained their increased risk after
adjustment for registration risk factors (age, ethnicity, registration
LVEF, BMI, radiation therapy, and use of antihypertensive medi-
cations), but no other factors were associated with a statistically
significant increase in risk. Of the 1,944 patients who began post-AC
treatment, 45 patients developed symptomatic CHF (arm A, n 5 6;
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arm B, n 5 19; arm C, n 5 20). Of these, follow-up data on CHF-
related symptoms, use of cardiac medications, and LVEF evaluation
byMUGA/ECHOwas available for 18 patients at 3 and 6months and
for 16 patients at 12 months post-CHF onset. The use of cardiac
medications in patients who developed CHF was not collected
beyond 12 months after CHF onset. The majority of patients who
developed CHF received cardiac medications, which included diu-
retics, beta-blockers, and angiotensin-converting enzyme inhibitors.
Only five additional diagnoses of CHF occurred beyond our pre-
viously reported follow-up time of 3.75 years (three occurrences of
497 patients in armAand two occurrences of 1,046 patients in arms B
and C). Of the 45 patients who developed CHF, LVEF recovered in
28 patients (arm A, n 5 4; arm B, n 5 12; arm C, n 5 12; Fig 4).
Twenty-three patients remained symptomatic at the 6-year follow-up
(arm A, n5 8; arm B, n5 5; arm C, n5 10). Two CDs occurred in
arm A; one, in arm B; and one, in arm C.

Risk Factors for Cardiac Events Among Patients
Assigned to Trastuzumab-Containing Arms

In univariable analysis, risk factors associated with a significant
increased risk of CEs with a trastuzumab-containing regimenwere age
of 60 years or older (HR, 3.2; 95%CI, 1.5 to 6.8; P5 .010); registration
LVEF between 50% and 54.9% (HR, 3.6; 95%CI, 1.2 to 10.8; P5.020)
or 55% and 64.9% (HR, 2.7; 95% CI, 1.3 to 5.9; P5 .009), and use of
antihypertensive medications (HR, 2.4; 95% CI, 1.2 to 4.6; P5 .0148;
Fig 5). Radiation therapy (P5 .15), BMI (P5 .15), and ethnicity (P5
.30) were not statistically associated with the development of a CE. The

CRS that incorporated age and baseline LVEF and that used the same
formula derived by the B-31 investigators was applied to our data set.11

The plot in Figure 6 can be used to determine the predicted probability
of a CE on the basis of the CRS value obtained for an individual patient.
Similar to the results from B-31, the predicted probability of a CE
increases as the CRS increases. Furthermore, CRS was a statistically
significant risk factor associated with an increased risk of CEs in the
trastuzumab arms (arms B and C) on univariable analysis (P, .001).
Multivariable analysis showed a statistically significant association
between risk factors of age and baseline LVEF only in a model that did
not include CRS (Appendix, online only). When we replaced age and
LVEF with CRS, CRS was statistically significant (HR, 1.042; 95% CI,
1.020 to 1.064). The c-statistic for the multivariable model that
included CRS did not differ much from the model without CRS
(0.6651 v 0.6767).

DISCUSSION

Our results demonstrate small but stable rates of cardiac events after
adjuvant anthracycline-based chemotherapy plus trastuzumab for
patients who have resected, HER2-positive breast cancer. These results
are fairly consistent with the cardiac safety analysis of other pivotal
adjuvant trastuzumab trials. In the BCIRG-006 (Breast Cancer Inter-
national ResearchGroup) trial, at amedian follow-up of 65months, the
reported incidence of CEs was 0.4% in the docetaxel, carboplatin, and
trastuzumab arm, 0.7% in AC followed by docetaxel arm, and 2%

Eligible patients began AC treatment (all arms)
Consented to 6-year follow-up LVEF

Eligible patients
(n = 2,992)

Eligible patients
(n = 2,148)

Patients began post AC treatment
(n = 1,944)

Arm A: 664 Pts

(N = 3,129)
(n = 977)

No post-AC LVEF measurements
Discontinued tx before completing 4 cycles AC

(n = 68)
(n = 69)

Did not have post-AC LVEF that allowed trastuzumab to
   be administered or did not begin post-AC treatment

(n = 204)

Asymptomatic post-AC LVEF
Post-AC LVEF decreased more than 15%
Post-AC decreased < 15% below LLN
Entered study after April 25, 2004

(n = 151)
(n = 79)
(n = 72)

(n = 542)

CHF
Cardiac death

(n = 6)
(n = 2)

Arm B: 710 Pts
CHF
Cardiac death

(n = 19)
(n = 1)

Arm C: 570 Pts

Patients gave
consent for 6-year

follow-up LVEF
(n = 205)

Patients gave
consent for 6-year

follow-up LVEF
(n = 234)

Patients gave
consent for 6-year

follow-up LVEF
(n = 212)

CHF
Cardiac death

(n = 20)
(n = 1)

Fig 1. CONSORT diagram for follow-up
and cardiac events for NCCTG N9831
adjuvant trastuzumab trial. AC, doxorubicin
plus cyclophosphamide; CHF, congestive
heart failure; LLN, lower limit of normal;
LVEF, left ventricular ejection fraction.
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in AC followed by docetaxel and trastuzumab arm.4 Of note, in the
BCIRG-006 study, greater than 50% of patients were younger than 50
years, and the upper age limit of patients at the time of enrollment was
70 years, which is a potentially relevant factor in the context of our study
and those of others that demonstrated that older women have a higher
risk of cardiac events. Thus, direct comparisons between N9831 and
BCIRG-006 results must be made with extreme caution.Moreover, at a
median follow-up of 8 years, severe CHF (New York Heart Association
class III or IV) incidence in the Herceptin Adjuvant (HERA) trial was
0% in the observation arm and 0.8% each in the 1-year and 2-year
trastuzumab arms.13 The difference in the significant LVEF decrease (ie,
asymptomatic or mildly symptomatic decline in LVEF of at least 10%
from baseline LVEF and a decline to , 50%) between the 1-year
trastuzumab and the observation arm was 3.2%. In the HERA study,
patients were randomly assigned after completion of all chemotherapy
(adjuvant/neoadjuvant), and baseline LVEF had to be greater than 55%
at study entry. Reassuring cardiac safety data were also reported in
the long-term analysis of the B-31 trial; the incidence of CEs was
4.0% in the trastuzumab arm and was 1.3% in the nontrastuzumab
arm at a median follow-up of 7 years.11 In addition, in 78%

of patients (54 of 69 patients) in whom trastuzumab was dis-
continued because of an asymptomatic decline in cardiac function, the
LVEF recovered to at least 50%. An independent retrospective review
of 173 patients with CEs from the B-31 and N9831 trials demon-
strated a 2% incidence of symptomatic CHF in the trastuzumab-
containing arm versus an incidence of 0.45% in the chemotherapy-
alone arm.8 Complete or partial recovery was observed in 86.1% of
trastuzumab-treated patients who had symptomatic CHF.8

Moja et al14 reported a meta-analysis of eight trastuzumab-
based adjuvant or neoadjuvant chemotherapy trials that involved
11,991 patients who had HER2-positive early breast cancer and
found an increased risk in patients treated with trastuzumab-based
versus non–trastuzumab-based regimens for severe heart failure
(2.5 v 0.4%; relative risk, 5.11; P , .001) and for LVEF decline
(relative risk, 1.83; P , .001).14 There was no difference in the
cardiotoxicity profile in trials with concurrent versus sequential
administration of chemotherapy and trastuzumab.

In the recently reported results of the Adjuvant Lapatinib
and/or Trastuzumab Treatment Optimization (ALTTO) study, the
incidences of significant LVEF decline were 4.5%, 2.4%, and 3.7%,
with trastuzumab alone, lapatinib and trastuzumab administered
sequentially, or lapatinib and trastuzumab administered in com-
bination, respectively.15 The incidence of CD or New York Heart
Association class III or IV CHF was less than 1% in all arms at a
median follow-up time of 4.5 years.

Although there is concern about the risk for future cardiac insults
from trastuzumab therapy,16 in our study, we observed only two
occurrences of CHF more than 3 years after trastuzumab initiation,
which suggests that the late onset of cardiac dysfunction with tras-
tuzumab is rare. In addition, LVEF recovered in greater than half of
the patients with CHF after trastuzumab was discontinued and heart
failure therapy was initiated; this finding was consistent with other
studies.11,17,18 One of the limitations of our study is the relatively lower
number of patients (33.4%) who consented for 6-year follow-up
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Table 1. Change in LVEF in Patients Who Proceeded to Post-AC Therapy
and Who Consented to LVEF Evaluation at 6 Years

LVEF Variable

No. (%) of Patients by Arm

A (n 5 664) B (n 5 710) C (n 5 570)

All patients on the N9831 cohort
(N 5 1944) with LVEF
decrease*

By $ 10 points 174 (26.2) 251 (35.3) 227 (39.8)
By $ 15 points 64 (9.6) 104 (14.6) 107 (18.7)
To below the LLN 80 (12) 119 (16.7) 136 (23.8)

Patients on the N9831 cohort
who had a 6-year LVEF
evaluation (n 5 651) 205 234 212

With LVEF decrease by $ 10
points

42 (20.5) 46 (19.6) 48 (22.6)

With LVEF decrease by $ 15
points

19 (9.2) 17 (7.3) 19 (8.9)

With LVEF decrease to below
the LLN

13 (6.3) 11 (4.7) 10 (4.7)

Abbreviations: AC, doxorubicin plus cyclophosphamide; LLN, lower limit of
normal; LVEF, left ventricular ejection fraction.
*Multigated acquisition scan or echocardiography to evaluate LVEF was
performed at baseline (within 3 weeks before registration), at 3, 6, and 9
months after registration, and after completion of chemotherapy (18 months
for arms A and C and 21 months for arm B).

584 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Advani et al



LVEF evaluation (compared with those who received post-AC
therapy); this low number may be due to timing: consent was
obtained later in the study period. However, analysis of the cumulative
incidence of CEs and related risk factors was performed on the 1,944
patients who proceeded to post-AC therapy. Although themechanism
of trastuzumab-induced cardiac toxicity remains unclear, it has
been postulated that it differs from that caused by anthracyclines.
Anthracycline-associated ultrastructural changes that show apoptosis
and necrosis on cardiac biopsy are not typical of trastuzumab-induced
cardiac toxicity, and the toxicity of trastuzumab is usually not dose
related.17,18 All patients on this study received anthracyclines before
trastuzumab; interestingly, the patients who had LVEF dysfunction at
6 years were the same patients who had LVEF dysfunction during
trastuzumab-paclitaxel therapy. In addition, LVEF dysfunction at 6
years was not statistically different among the three treatment arms, so
long-term LVEF dysfunction may not be related to trastuzumab but,
possibly, to exposure to anthracyclines and/or increasing age.

We also evaluated serum cardiac factors (including troponin-1
and B natuiretic peptide) in our study but did not find clear evidence
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that they were predictive of clinical cardiac events (Appendix). Of
note, the serial blood levels were obtained at baseline and then before
the first therapy (instead of immediately or shortly after anthracy-
clines, taxanes, or trastuzumab), although all patients at 9 and
12 months had steady-state levels of trastuzumab if they were ran-
domly assigned to arms B or C, and those in armB of theN9831 study
already had steady-state levels at the 6-month blood draw. Serum

cardiac factors have been of interest formany investigators, but there is
no conclusive proof that they can be helpful.

With the SEER–Medicare database, Ezaz et al19 identified
older women (age range, 67 to 94 years) with breast cancer who
had received adjuvant trastuzumab therapy and developed a risk
model to incorporate age, adjuvant chemotherapy, coronary artery
disease, atrial fibrillation or flutter, diabetes, hypertension, and
renal failure.19 This seven-factor score was used to stratify 1,664
women into low, medium, and high scores that corresponded to a
3-year risk of heart failure of 16.2%, 26%, and 39.5%, respectively.
However, use of the SEER data may not be ideal, because the score
is derived from administrative rather than clinical data, because
information of specific anticancer agents or cumulative doses are
not available, because the baseline LVEF data are not available, or
because standardized clinical definitions of cardiac events are not
used. The cardiac risk score calculated with the patient’s age and
baseline LVEF was developed by the B-31 investigators11 and was
validated in our study; this score serves as a useful tool for
clinicians to estimate the risk of trastuzumab-induced cardiac
toxicity in a given patient and allows for a more individualized
benefit-risk assessment. This individualization, in turn, may enable
clinicians to consider an alternative treatment regimen and allow
more frequent monitoring for at-risk patients. These patients may
also benefit from administration of cardioprotective medications,
although this strategy is under investigation.

In summary, the incidence of trastuzumab-related CEs with
the N9831 regimen is low and does not appear to be increasing over
time, which affirms that doxorubicin at a cumulative dose of
240 mg/m2 administered over four doses plus cyclophosphamide

Cardiac Risk Score

Radiotherapy

Race Other

BMI ≥ 30

BMI 25-29.9

Hypertension Meds

Age ≥ 60 years

Age 51-59 years
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LVEF 50-54.9

1.04

0.61

1.42
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0.67 to 3.14
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1.22 to 10.8

HR 95% CI
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Fig 5. Forest plot for univariable risk
factors associatedwith an increased risk of
cardiac event in patients who proceeded to
post–doxorubicin plus cyclophosphamide
therapy. Left ventricular ejection fraction
(LVEF) of 65 or greater, age 50 years or
younger, body mass index (BMI) of 24.9 or
less, white ethnicity, and patients who did
not receive radiotherapy were used as
reference in each of the groups. HR,
hazard ratio.
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Plotting the CRS calculated from the formula derived by the investigators of the
B-31 trial11 against the predicted probability of cardiac events resulted in similar
findings as were reported in B-31. As the CRS increases, the predicted probability
of a CE increases as well.
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followed by paclitaxel and trastuzumab is a highly appropriate
therapy to consider and administer, especially in the context of
benefits of therapy to reduce breast cancer recurrence and improve
survival. Certain risk factors, such as older age, low pretreat-
ment LVEF, and hypertension, appear to increase the risk of
trastuzumab-related CEs according to our data. We could not
validate the predictive utility of biomarkers, such as troponin I or
BNP, with clinical cardiac events. Correlation of pharmacogenetic
markers with the development of cardiac toxicity, serial evaluation
of serum markers measured within 24 hours of drug admin-
istration, and prophylactic use of cardioprotective medications (eg,
angiotensin-converting enzyme inhibitors and beta-blockers) in
women deemed at high risk for CHF should be investigated in the
setting of large prospective trials.
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Appendix

Biomarker Section
Blood and plasma for circulating markers (B natriuretic peptide [BNP], troponin T [TnT], troponin L, C-reactive protein,

tumor necrosis factor-a, interleukin [IL] -6, and IL-1b) were drawn before first cycle of doxorubicin plus cyclophosphamide (at
baseline) and within 1 hour of completion of the first or second dose of doxorubicin plus cyclophosphamide, paclitaxel, and
trastuzumab. Sixty-seven patients (median age, 52 years) had baseline and at least one post-treatment samples and serial left
ventricular ejection fraction (LVEF) determination. LVEF evaluation by multigated acquisition scan, echocardiography, or both was
available in 69%, 24%, and 7% of these patients. None of these patients experienced a protocol-defined CE; however, 21% (14 of 67
patients) met criteria for LVEF decline, with a median LVEF of 50%. Each marker was evaluated at baseline and for any serial
elevation from baseline for each patient. Then, levels were correlated with LVEF decline (Appendix Tables A1 to A4).

For C-reactive protein and tumor necrosis factor-a, normal values were seen at baseline and subsequently became abnormal in
45% and 16% of patients, respectively, but there was no correlation with cardiac dysfunction. In addition, IL-6 and IL-1b levels also
had no association with cardiac dysfunction, and there was no significant change over time in any of these values. No patient had an
elevated TnT (ie,. 0.01 mg/mL) at baseline. Elevation in baseline troponin I (. 0.04 mg/mL) was observed in 21% of patients with
subsequent cardiac dysfunction and in 6% of patients without (P5.10). Baseline elevation of BNP (. 40 ng/mL) was also observed
in 21% of patients with subsequent cardiac dysfunction and in 8% of those without (P 5 .18; Appendix Table A3). Six patients
(11%) had a normal BNP at baseline with a subsequent doubling to greater than 40 ng/mL, at least. The rate of doubling in BNP to
greater than 40 ng/mL was numerically higher in patients who had subsequent cardiac dysfunction than in patients who did not
(27% v 7%; P5 .09; Appendix Table A4), although this difference did not reach statistical significance In patients with normal TnT
and troponin I at baseline (31%), there was a subsequent increase to an abnormal value. However, an elevation in either marker or
both markers in the same patient did not correlate with risk of cardiac dysfunction (Appendix Table A4).

Table A1. Multivariable Analysis of Risk Factors Associated With an Increased Risk of Cardiac Event in Patients Who Proceeded to Post-AC Therapy

Characteristic Hazard Ratio 95% CI

Age, years
$ 60 2.755 1.237 to 6.137
50-59 1.350 0.615 to 2.964
, 50 Reference Reference

Current or prior antihypertensive medications
Yes 1.821 0.890 to 3.725
No Reference Reference

LVEF at registration, %
$ 65 Reference Reference
55-64.9 2.908 1.361 to 6.210
50-54.9 3.975 1.329 to 11.888

NOTE. This analysis only includes variables that were found to be significant in univariable analysis. Cardiac risk score (which incorporated age and baseline LVEF)
is excluded from this analysis.
Abbreviations: AC, doxorubicin plus cyclophosphamide; LVEF, left ventricular ejection fraction.

www.jco.org © 2015 by American Society of Clinical Oncology

Long-Term Cardiac Safety Analysis of N9831 Trial

http://www.jco.org


Ta
bl
e
A2

.
C
ar
di
ac

M
ar
ke

r
D
at
a

C
ar
di
ac

M
ar
ke

r
(c
ut
of
f
fo
r
ab

no
rm

al
)

B
as
el
in
e
D
at
a

Tr
ea

tm
en

t
R
eg

im
en

A
C

T
T
1

H
H

N
o.

of
P
at
ie
nt
s

M
ed

ia
n

(m
in
,
m
ax
)

N
o.

A
bn

or
m
al

N
o.

of
P
at
ie
nt
s

M
ed

ia
n
(m

in
,
m
ax
)

N
o.

A
bn

or
m
al

N
o.

of
P
at
ie
nt
s

M
ed

ia
n
(m

in
,
m
ax
)

N
o.

A
bn

or
m
al

N
o.

of
P
at
ie
nt
s

M
ed

ia
n
(m

in
,
m
ax
)

N
o.

A
bn

or
m
al

N
o.

of
P
at
ie
nt
s

M
ed

ia
n
(m

in
,
m
ax
)

N
o.

A
bn

or
m
al

B
N
P
(.

40
ng

/m
L)

65
13

.7
(,

4.
0,

15
6)

7
68

15
.6

(,
4.
0,

17
9)

8
5

17
.2

(1
2.
3,

49
.9
)

1
73

14
.1

(,
4.
0,

19
1)

9
61

4.
7
(,

4.
0,

12
0)

3
C
R
P
(.

0.
3
m
g/
L)

69
2
(0
.2
,
25

.6
)

26
68

2.
4
(0
.3
,
40

.7
)

31
5

3.
3
(1
.9
,
4.
4)

3
73

2
(0
.1
,
32

.8
)

29
63

2.
1
(,

0.
1,

40
.1
)

27
Tn

T
(.

0.
01

m
g/
m
L)

68
,

0.
01

(,
0.
01

,
0.
01

)
0

68
,

0.
01

(,
0.
01

,
0.
01

)
0

5
,

0.
01

(,
0.
01

,
0.
01

)
0

73
,

0.
01

(,
0.
01

,
0.
06

)
7

63
,

0.
01

(,
0.
01

,
0.
02

)
2

TN
F-
a
(.

4.
71

pg
/m

L)
69

1.
6
(,

0.
05

,
14

)
3

68
1.
2
(,

0.
5,

3.
4)

0
5

1.
4
(0
.5
6,

2.
2)

0
72

1.
4
(,

0.
5,

25
)

2
62

1.
5
(,

0.
5,

35
)

8
IL
-1
b
(.

0.
54

pg
/m

L)
67

,
0.
5
(,

0.
5,

1.
9)

5
68

,
0.
5
(,

0.
5,

3.
7)

1
5

,
0.
5
(,

0.
05

,
,

0.
05

)
0

73
,

0.
5
(,

0.
5,

0.
9)

1
61

,
0.
5
(,

0.
5,

1.
9)

2
Tn

I(
.

0.
04

m
cg

/m
L)

68
0.
01

(,
0.
01

,
0.
07

)
6

68
0.
01

(,
0.
01

,
24

.1
)

6
5

0.
04

(0
.0
1,

0.
08

)
1

73
0.
03

(,
0.
01

,
8.
16

)
17

61
0.
02

(,
0.
01

,
10

)
3

IL
-6

(.
10

pg
/m

L)
68

2
(0
.8
,
22

.4
)

4
69

1.
9
(0
.6
,
27

.5
)

1
5

1.
3
(0
.4
,
3.
7)

0
73

1.
8
(,

0.
3,

27
.6
)

3
60

3.
55

(0
.4
,1

28
)

5

A
bb

re
vi
at
io
ns

:
A
C
,
do

xo
ru
bi
ci
n
pl
us

cy
cl
op

ho
sp

ha
m
id
e;

B
N
P
,
br
ai
n
na

tr
iu
re
tic

pe
pt
id
e;

C
R
P
,
C
-re

ac
tiv

e
pr
ot
ei
n;

IL
,
in
te
rle

uk
in
;
T,

pa
cl
ita

xe
l;
T
1

H
,
pa

cl
ita

xe
lp

lu
s
tr
as

tu
zu
m
ab

;
Tn

,
tr
op

on
in
;
TN

F,
tu
m
or

ne
cr
os

is
fa
ct
or
.

© 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Advani et al



Table A3. Decrease in LVEF by Baseline Markers

Baseline Marker

Decrease in LVEF*

PYes No

BNP . 40 ng/mL 3/14 (21%) 4/49 (8%) .18
TnT . 0.01 mcg/mL 0/14 0/52
TnI . 0.04 mcg/mL 3/14 (21%) 3/52 (6%) .10
CRP . 3 mg/L 6/14 (43%) 20/53 (38%) .76
TNF-a . 4.71 pg/mL 0/14 3/53 (6%) 1.00
IL-6 . 10 pg/mL 1/14 (7%) 3/52 (6%) 1.00
IL-1b . 0.54 pg/mL 0/13 0/47

Abbreviations: BNP, brain natriuretic peptide; CRP, C-reactive protein; IL, interleukin; LVEF, left ventricular ejection fraction; Tn, troponin; TNF, tumor necrosis factor.
*Decrease in LVEF measure was defined as a decrease of 10% to 15% from baseline to below the lower limit of normal or a decrease in LVEF . 15%.

Table A4. Decreases in LVEF by Change of Markers From Baseline Levels

Baseline Marker Change

No. of Patients/Total No. of Patients (%)
With Decrease in LVEF*

PYes No

BNP normal at baseline to double postbaseline and. 40 ng/mL 3/11 (27) 3/44 (7) .09
TnT normal at baseline to abnormal postbaseline 2/14 (14) 6/51 (12) 1.00
TnI normal at baseline to abnormal postbaseline 3/11 (27) 14/49 (29) 1.00
TnT and TnI bothnormal at baseline to both abnormal postbaseline 1/11 (9) 5/48 (10) 1.00
CRP normal at baseline to abnormal postbaseline 5/8 (63) 13/32 (41) .43
TNF-a normal at baseline to abnormal postbaseline 2/14 (14) 6/51 (12) 1.00
IL-6 normal at baseline to abnormal postbaseline 0/13 3/48 (6) 1.00
IL-1b normal at baseline to abnormal postbaseline 0/13 2/46 (4) 1.00

Abbreviations: BNP, brain natriuretic peptide; CRP, C-reactive protein; IL, interleukin; LVEF, left ventricular ejection fraction; Tn, troponin; TNF, tumor necrosis factor.
*Decrease in LVEF measure was defined as a decrease of 10% to 15% from baseline to below the lower limit of normal or a decrease in LVEF . 15%.

Patients
randomly assigned

Arm A: AC
(q3w × 4)

Arm B: AC
(q3w × 4)

Arm C: AC
(q3w × 4)

Paclitaxel
(qw × 12)

Observation noitavresbOnoitavresbO

Paclitaxel
(qw × 12)

Paclitaxel + Trastuzumab
(qw × 12)

Time (months) LVEF Eval
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6

Pre-AC

Post-AC

Radiation and/or
hormonal therapy

9

18-21

Trastuzumab
(qw × 52)

Trastuzumab
(qw × 40)

Fig A1. NCCTG N9831 clinical trial schema. Doxorubicin (A) 60 mg/m2; cyclophosphamide (C) 600 mg/m2; paclitaxel 80 mg/m2; trastuzumab 4 mg/kg loading dose
followed by 2 mg/kg weekly (qw). Eval, evaluation; LVEF, left ventricular ejection fraction; q3w, every 3 weeks.
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