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Abstract

The benefit of adjuvant trastuzumab with chemotherapy in breast cancer is well-established;
however, its impact on outcomes for older women with small, node-negative, human epidermal
growth factor receptor 2-positive disease is less clear and unlikely to be addressed in prospective
studies. This retrospective, sequential cohort study suggests adjuvant trastuzumab with
chemotherapy results in excellent breast cancer outcomes with few cardiac events in this
population.

Introduction—The benefit of adjuvant trastuzumab with chemotherapy is well established for
women with higher risk human epidermal growth factor receptor 2-positive (HER2*) breast
cancer. However, its role in older patients with smaller, node-negative tumors is less clear. We
conducted a retrospective, sequential cohort study of this population to describe the impact of
trastuzumab on breast cancer outcomes and cardiac safety.

Patients and Methods—Women < 55 years with = 2 cm, node-negative, HER2™" breast cancer
were identified and electronic medical records reviewed. A no-trastuzumab cohort of 116 women
diagnosed between January 1, 1999 and May 14, 2004 and a trastuzumab cohort of 128 women
diagnosed between May 16, 2006 and December 31, 2010 were identified. Overall survival and
distant relapse-free survival were estimated by Kaplan-Meier methods.

Results—The median ages of the trastuzumab and no-trastuzumab cohorts were 62 and 64 years,
respectively. More patients in the trastuzumab cohort had grade I11 (P=.001), lymphovascular
invasion (P=.001), or estrogen receptor-negative (P < .001) cancers. The majority of the
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trastuzumab cohort received chemotherapy versus one-half of the no-trastuzumab cohort (98% vs.
53%; P < .0001). The median follow-up was 4 versus 9 years in the trastuzumab versus no-
trastuzumab cohorts; therefore, outcomes at 4 years are reported. Despite the higher-risk tumor
features in the trastuzumab group, the 4-year overall survival was 99% in both cohorts; the distant
relapse-free survival was 99% versus 97% in the trastuzumab versus no-trastuzumab cohorts. Four
(3.1 %; 95% confidence interval, 1.0%-7.8%) women in the trastuzumab cohort and 1 in the no-
trastuzumab cohort developed symptomatic heart failure. There were no cardiac-related deaths in
either arm.

Conclusion—Following adjuvant trastuzumab with chemotherapy, selected older women with
small, node-negative, HER2™" breast cancers have excellent disease control. The rate of cardiac
events is low.
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Introduction

In breast cancer, gene amplification or protein overexpression of human epidermal growth
factor receptor 2 (HER?2) is associated with an aggressive biologic phenotype, which confers
a significant risk of distant recurrence, even in the setting of lymph node-negative disease.!
However, this risk has been largely ameliorated by the successful development of the anti-
HER2 monoclonal antibody trastuzumab.? Specifically, when administered in combination
with adjuvant chemotherapy in multiple adequately powered, prospectively conducted
randomized studies, trastuzumab dramatically improved disease-specific outcomes for
women with HER2-positive (HER2*) disease.3-5 In these pivotal studies, however, older
women and those with lower-risk, node-negative disease, were underrepresented.
Subsequent studies have since indicated that both populations appear to derive benefit from
adjuvant trastuzumab with chemotherapy,’—? although the benefits in older women may be
offset by increased treatment-related hospital admission rates’ and higher rates of
trastuzumab-mediated cardiotoxicity.10-13

We have previously reported 2 retrospective, single-institution studies demonstrating the
potential benefit of adjuvant trastuzumab-based therapy in women with small, node-negative
breast cancers.?:14 Other investigators have since demonstrated consistent results.15.16
However, 65% of new breast cancer diagnoses occur in patients over 55 years of age,1’ and
the risk of cardiotoxicity from trastuzumab increases above 50 years of age.18:19
Furthermore, patients (including those with larger tumors and node-positive disease) in the
meta-analysis of the pivotal Il trials of adjuvant trastuzumab had a median age of 49 years.?
Hence, the risks and benefits of trastuzumab with chemotherapy in older women with node-
negative HER2* disease have not been fully defined. Although there is no single definition
of “older” patients, we focused on women aged = 55 years and conducted a retrospective,
single-institution, sequential cohort study of patients with small, node-negative, HER2*
breast cancer who did or did not receive adjuvant trastuzumab.
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Patients and Methods

Patients treated at Memorial Sloan Kettering Cancer Center (MSKCC) between January 1,
1999 and December 31, 2010 were identified through an institutional database, and
electronic medical records were reviewed via an MSKCC institutional review board-
approved waiver of informed consent. Women were included in this study if they met the
following criteria: age = 55 years, pathologically confirmed invasive breast cancer <2 cm
without lymph node involvement (TINO), HER2* disease defined as 3+ by
immunohistochemistry and/or gene amplification (= 2) by fluorescence in situ hybridization
(FISH).

As previously described,?4 patients were identified as members of the no-trastuzumab or
trastuzumab cohorts by use of adjuvant trastuzumab therapy, which was associated with the
time of their initial diagnosis and treatment. Specifically, women treated before versus after
the reporting of the first 2 pivotal phase 111 adjuvant trastuzumab trials in May 20052021
were identified. Given the potential for variable clinical practice patterns in the immediate
period after the May 2005 adjuvant trastuzumab clinical trials were reported, women treated
between May 15, 2004 and May 15, 2005, who may have been offered delayed trastuzumab,
were excluded. Hence, 2 cohorts of women were identified: those diagnosed between
January 1, 1999 and May 15, 2004 (no trastuzumab) and those diagnosed between May 15,
2005 and December 31, 2010 (trastuzumab).

In most of the phase Il studies, the planned duration of adjuvant trastuzumab was 1 year.
However, because some data suggested a comparable benefit for a relatively short course of
trastuzumab (< 9 weeks) therapy, the duration of trastuzumab administration was not used to
define eligibility for the current study.#22 Only women from the trastuzumab era who did
not receive any anti-HER?2 therapy were excluded. Other exclusion criteria, applicable to
both cohorts, included current bilateral invasive breast cancer, a prior history of invasive
breast cancer, or inadequate documentation of locoregional or systemic therapy. Electronic
medical records were reviewed, and patient and tumor characteristics were recorded for all
eligible patients. In addition, data on adjuvant therapy, including side of radiation,
chemotherapy, and hormonal therapy, were collected.

Breast Cancer Outcomes

Breast cancer-specific outcomes were evaluated by administration of trastuzumab versus no
administration of trastuzumab. Overall survival (OS) was defined as time from breast cancer
diagnosis to date of death. Surviving patients were censored at the time of the most recent
direct communication with MSKCC. Distant relapse-free survival (DRFS), distant metastatic
disease or death from any cause, and ipsilateral/contralateral invasive breast cancers were
defined from date of diagnosis to event as per Standardized Definitions for Efficacy End
Points in Adjuvant Breast Cancer Trials (STEEP) criteria.23 Patients who did not have a
recurrence event were censored at the date of the most recent assessment by relevant site-
specific imaging or physical examination by a an MSKCC physician or nurse practitioner.
OS and DRFS were analyzed using the Kaplan-Meier method, and 4-year estimates with
95% confidence intervals (Cls) were evaluated. The 4-year time point was chosen for our
primary evaluation because this is the median follow-up for women in the trastuzumab
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group (the group with the shorter follow-up). No formal hypothesis testing is reported
because of the low number of observed events in this low-risk patient population. Patient
demographics and disease characteristics were tested by trastuzumab status using the XZ test
or two-sample ftest. Given the relatively small numbers of patients who developed
ipsilateral and contralateral breast cancer, these events are reported descriptively.

Cardiac Outcomes

Results

Electronic medical records were used to collect baseline cardiac risk factor data from time of
breast cancer diagnosis, including smoking history, prior cardiac or cerebrovascular events,
hypertension, hyperlipidemia, atrial fibrillation, diabetes mellitus, renal function, and body
mass index. The occurrence of any cardiac event, defined as symptomatic heart failure or
decline in left ventricular ejection fraction from time of diagnosis to most recent follow-up,
was recorded. Attribution of heart failure was determined only if the patient experienced
relevant symptoms as outlined by American College of Cardiology Foundation/American
Heart Association Practice Guidelines.2* Assessment of left ventricular ejection fraction
occurred approximately every 3 months as per clinical practice at our institution at that time.
Due to their relative rarity, cardiac outcomes were compared by trastuzumab status using the
Fisher exact test or Wilcoxon rank sum test. All analyses were conducted in SAS v 9.4 and
R version 3.1.1.

Of the 244 eligible patients identified, 116 (48%) and 128 (52%) women were in the no-
trastuzumab and trastuzumab cohorts, respectively. The median age of the trastuzumab and
notrastuzumab cohorts was 62 years (range, 55-87 years) and 64 years (range, 55-87 years),
respectively. The median follow-up was 9 years (range, 0.2-14 years) for the no-trastuzumab
cohort and 4.1 years (range, 0.4-8 years) for the trastuzumab cohort. Patient characteristics
were well-balanced between the 2 cohorts for age, tumor size, histology, surgery, and left-
sided adjuvant radiotherapy (Table 1). However, a higher proportion of women in the
trastuzumab cohort had grade 111 tumors (P=.001) and lymphovascular invasion (£=.001).
In addition, 43% of the tumors in the trastuzumab cohort were estrogen receptor-negative,
compared with 33% of the tumors in the no-trastuzumab cohort (P < .001). Almost all
patients in the trastuzumab cohort (98%) received chemotherapy compared with only one-
half of the patients (53%) in the no-trastuzumab cohort (P < .0001).

Breast Cancer Outcomes

Four-year OS was 99% (95% CI, 94%-100%) and 99% (95% CI, 95%-100%) in the no-
trastuzumab and trastuzumab cohorts, respectively (Figure 1, Table 2). At 4 years, DRFS
was 97% (95% ClI, 92%-99%) in the no trastuzumab and 99% (95% CI, 95%-100%) in the
trastuzumab cohort (Figure 2, Table 2). Invasive ipsilateral and contralateral breast cancers
were similar in both groups at a median of 4 years of follow-up (Table 2).

Cardiac Outcomes

Baseline cardiac risk factors were generally balanced between the 2 cohorts (Table 3).
However, more patients in the trastuzumab cohort had diabetes mellitus compared with the
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no-trastuzumab cohort (16% vs. 7%; £ =.03). Available assessments suggested that left
ventricular ejection fraction declines were rare in the trastuzumab cohort. At median follow-
up of 4 years, 1 patient (1%) in the no-trastuzumab and 4 (3.1%; 95% ClI, 1.0%—7.8%)
patients in the trastuzumab cohort developed congestive heart failure (CHF).

For the patient who experienced CHF in the no-trastuzumab cohort, the event occurred in the
immediate period following definitive breast cancer surgery and prior to any planned
adjuvant therapy. In the trastuzumab cohort, 4 (4%) patients developed CHF at 56, 65, 67,
and 77 years of age. Events in this cohort occurred at 6 to 35 months after surgery. Of these,
2 patients received an anthracycline-containing chemotherapy, with heart failure events
occurring at 6 months and 16 months post-surgery, respectively (Table 4).

An additional 2 (1.6%) patients (56 and 63 years of age) in the trastuzumab cohort had an
episode of palpitations/tachycardia without evidence of CHF. Both of these events occurred
during adjuvant trastuzumab and led to cessation of therapy. There were no cardiac deaths in
either cohort.

Discussion

The development of education and screening mammography programs in the United States
have been associated with increased incidence rates for smaller breast cancers.2> Breast
cancer incidence increases with age, and the relative proportion of older women is
increasing in North America.26:27 The incidence of breast cancer may further increase as a
result of the increasing rates of obesity,28:2% which is also associated with an increased risk
of hypertension and heart failure.30 Taken together, these observations highlight an
increasingly common problem of small, lymph node-negative breast cancers in older
women; a portion of these cancers will be HER2", and a number of these older women may
be at increased potential risk of cardiotoxicity with trastuzumab therapy. Evidence that
supports the use of adjuvant trastuzumab for women with these tumors has generally been
derived from limited retrospective studies or inadequately powered subset analyses from
prospective studies.331 Thus, our study offers valuable additional information and insights
into the safety and efficacy of adjuvant trastuzumab in this population and setting.

In this retrospective study, patients had excellent survival outcomes—the 4-year OS rate was
99% for patients who did and did not receive trastuzumab. The 4-year DRFS rate was 97%
(95% ClI, 92%-99%) in patients who did not receive trastuzumab and 99% (95% ClI, 95%—
100%) in patients who did receive trastuzumab, but was not shown to be statistically
different. These results are consistent with data from prior cohort/registry studies that
predominantly included younger patients.1%32 Of note, patients included in the trastuzumab
cohort in this study generally had tumors with poorer prognostic features than those in the
no-trastuzumab cohort (higher proportion of grade 11, with lymphovascular invasion and
estrogen receptor-negative). Almost all patients in the trastuzumab cohort received
chemotherapy, compared with one-half of those in the no-trastuzumab group (98% vs. 53%,
respectively; P < .0001). Therefore, one possible explanation for our favorable results is that
a potentially more-aggressive biologic phenotype in the trastuzumab cohort was successfully
treated with adjuvant chemotherapy and/or trastuzumab.
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Suggested risk factors for trastuzumab-related cardiotoxicity include age > 50 years,
hypertension, and borderline/low left ventricular ejection fraction.18:19 Hence, the second
important observation from the current study is that the combination of chemotherapy and
trastuzumab in older patients resulted in similar rates of cardiotoxicity as previously reported
in younger cohorts. Specifically, the incidence of CHF in the no-trastuzumab arm at 4-year
follow-up was 1% compared with 3.1% in the trastuzumab arm, and there were no cardiac-
related deaths in either cohort. Collectively, these findings in older patients are consistent
with results of the pivotal randomized phase 11 trials, which generally enrolled younger
women.219.33-35 For example, the cardiac event rate at 7 years in the National Surgical
Adjuvant Breast and Bowel Project (NSABP) B-31 study was 4% for women who had
received an anthracycline and trastuzumab.1® Notably, all of these prospective and
retrospectively reported results are markedly lower than a retrospective population-based
study of patients > 65 years of age (median, 71 years) from the Surveillance, Epidemiology,
and End Results (SEER)-Medicare and the Texas Cancer Registry-Medicare databases,
which reported congestive heart failure in 29% of patients who had received trastuzumab.10
However, it is likely that treatment toxicities may be overestimated by population-based
studies, which rely on databases and billing codes as opposed to audited individual patient
data.

There are a number of limitations to our study. First, it was retrospective. However, it is
unlikely that the risks and benefits of adjuvant trastuzumab-based therapy in this setting will
ever be addressed in an adequately powered, prospectively conducted randomized study.3®
Given the design of this sequential cohort study, the follow-up in the no-trastuzumab cohort
is significantly longer than in the trastuzumab cohort. Therefore, the longer-term toxicity of
trastuzumab-based therapy is less well-described here. Although we attempted to minimize
bias by creating cohorts defined by year of diagnosis with equivalent follow-up to a
milestone time point, there are differences between the cohorts. Specifically, there was a
higher proportion of tumors with poorer prognostic features in the trastuzumab cohort
(higher proportion grade I11, with lymphovascular invasion and estrogen receptor-negative)
with resultant greater use of chemotherapy. We excluded patients from the trastuzumab
cohort who declined or were not offered anti-HER2 therapy. This was intended to minimize
bias in the effects of therapy, but it is probable that those women who were excluded had
less-aggressive tumors, poorer performance status, or might have had higher risk of
cardiotoxicity. In addition, it is not possible to separate the potential impact of trastuzumab
from the chemotherapy administered in the trastuzumab cohort. The chemotherapy
administration practices have changed over time, and the majority of patients in the
trastuzumab cohort received taxane without anthracycline therapy (50%, compared with 7%
anthracycline alone, 34% anthracycline and taxane), whereas the majority of patients in the
no-trastuzumab cohort who received chemotherapy had an anthracycline without taxane
(40% compared with 0% taxane alone, 1% anthracycline and taxane).

As noted, the definition of “older” patients is not fixed. It has been suggested that risk
factors for trastuzumab-related cardiotoxicity include age > 50 years.18:19 In the combined
analysis of the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-31 and
North Central Cancer Treatment Group (NCCTG) N9831 trials, only 16% of patients were >
60 years of age.® Similarly, 16% were > 60 years of age in the Herceptin Adjuvant (HERA)
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trial.21 The Programmes d’Actions Concertées Sein-04 (PACS-04) and Finland Herceptin
(FinHer) studies excluded patients > 66 years of age.*37 Therefore, given this lack of a
consistent age cut-point, we adopted a conservative definition of older patients as age = 55
years. However, the current study was biased toward younger patients above that threshold:
the median ages of the 2 cohorts were 64 and 62 years, respectively.

The outcome of patients with high-risk early breast cancer that overexpresses HER2 has
been improved with sequential advances, including the addition of taxanes to anthracycline-
based chemotherapy regimens, the development of dose-dense scheduling, and the addition
of trastuzumab.15:18:34 Of note, in the current study, 41% patients in the trastuzumab cohort
also received an anthracycline, and cardiotoxicity was consistent with previous reports.
However, a more individualized approach to the treatment of older patients with small, node-
negative, HER2* breast cancer is likely needed. One attractive approach is the use of weekly
paclitaxel (80 mg/m? for 12 weeks) with 1 year of trastuzumab.36 This regimen has
demonstrated impressive disease control and a manageable side-effect profile in patients
unselected for age in a prospective single-arm study.3® In this trial of 406 patients with
T1/T2 NO HER2* breast cancer, the 3-year invasive disease-free survival was 98.7% (95%
Cl, 97.6%-99.8%). Of note, the median age of patients on this study was 55 years (range,
24-85 years), and 274 (67.5%) patients = 50 years of age were enrolled. Little cardiac
toxicity was demonstrated with this approach,38 consistent with our findings that
trastuzumab is safe in older women with HER2™" breast cancer, and this regimen might be
particularly attractive for these patients.

Our study adds new and important information to what is known about the risks and benefits
of adjuvant trastuzumab in older women with small, node-negative, HER2* breast cancers.
We have demonstrated excellent outcomes in terms of DRFS and OS, and low rates of
cardiotoxicity with this therapy. Alternatively, our results also suggest that there may be a
cohort of older women with small tumors for whom trastuzumab-based adjuvant therapy is
not necessary. It is likely with increased understanding of the genomic diversity within
HER2™ disease that it will be possible in the future to further delineate this subset of women
for whom treatment can be avoided. However, in the interim, we suggest that trastuzumab-
based adjuvant therapy is as appropriate a therapeutic option for selected older women with
lower-risk HER2™" breast cancer as it is for younger patients.
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Clinical Practice Points

. There is little data pertaining to breast cancer outcomes and cardiac toxicity in
older patients with small node-negative HER2™ breast cancers receiving
adjuvant trastuzumab, as these patients were underrepresented in the original
clinical trials.

. In a retrospective sequential cohort study, we have demonstrated that these
women achieve excellent disease control with trastuzumab and chemotherapy,
with few cardiac events.

. As this issue is unlikely to be ever addressed in a prospective randomized
manner, our study provides valuable additional information which will help to
guide clinicians making treatment decisions for this specific group of patients.
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Figure 1. Overall Survival Per Cohort

Abbreviations: Post = trastuzumab cohort; Pre = no-trastuzumab cohort.
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Figure 2. Distant Relapse-Free Survival Per Cohort
Abbreviations: Post = trastuzumab cohort; Pre = no-trastuzumab cohort.
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Table 1
Baseline Patient and Tumor Characteristics
No Trastuzumab | Trastuzumab
(n=116) (n=128)
N (%) N (%) P Value
Median age, years (range) 64 (55-87) 62 (55-87) 13
55-60 years 40 (34) 50 (39)
60-70 years 46 (40) 56 (44)
>70 years 30 (26) 22 (17)
Tumor size
Median, cm (range) 1.1 (0.1-2.0) 1.2 (0.25-2.0) .63
Tla 29 (25) 12 (9)
Tib 23 (20) 34 (26)
Tlc 64 (55) 82 (64)
Multifocal 21(18) 19 (15) 49
Histology
Ductal 106 (91) 120 (94)
Lobular 5(4) 4(3)
Other, including mixed 5(4) 4(3)
Grade .001
1 4(3) 0(0)
2 25 (22) 12 (9)
3 77 (66) 112 (88)
Unknown 10 (9) 4(3)
Lymphovascular invasion
Present 9(8) 30 (23) .001
Absent 100 (86) 93 (73)
Unknown 7(6) 5(4)
Estrogen receptor status
Positive 77 (66) 75 (59) <.001
Negative 38 (33) 53 (41)
Unknown 1(1) 0(0)
Surgery
Breast conserving 78 (67) 80 (63)
Mastectomy 38 (33) 48 (38)
Adjuvant radiation 79 (68) 77 (60) .16
Left-side radiation 33(28) 37 (29)
Adjuvant hormonal therapy 77 (66) 69 (54) .0175
Adjuvant chemotherapy 61 (53) 126 (98) <.0001
Anthracycline/no taxane 46 (40) 9(7)
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No Trastuzumab | Trastuzumab
(n=116) (n=128)
N (%) N (%) P Value
Taxane/no anthracycline 0 (0) 64 (50)
Anthracycline and taxane 1(2) 43 (34)
Other 14 (12) 10 (8)

Grade 2-3, classified as 3.

Note: Percentages may not add to 100 due to rounding.
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Table 2
Outcomes, Per Cohort
No Trastuzumab | Trastuzumab
(n=116) (n=128)
4-Year Outcomes % (95% ClI) % (95% CI)
Distant relapse-free survival 97 (92-99) 99 (95-100)
Overall survival 99 (94-100) 99 (95-100)
Ipsilateral invasive breast cancer recurrence 3(0.3-5.5) 2 (0.2-5.5)
Contralateral invasive breast cancer 1(1) 0
Second primary invasive cancer (non-breast) 3(0.13-6.77) 2(-0.4t04.4)

Abbreviation: CI = confidence interval.
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Cardiac Risk Factors

Table 3

No Trastuzumab Trastuzumab
(n=116) (n=128)

N (%) N (%) P Value
Baseline LVEF, median 67% 68%
BMI, kg/m? median (range) 255 (16.9-42.7) 27.3(18.2-57.5) 17
Creatinine clearance, mL/min median (range) | 68.4 (32.2-156) 64.9 (28.4-146.2) 11
Ever smoker 52 (45) 61 (48) 7
Hypertension 57 (49) 57 (45) A7
Hyperlipidemia 35 (30) 54 (42) .05
Atrial fibrillation 5 (4) 4 (3) .62
Diabetes mellitus 8(7) 20 (16) .03
Prior myocardial infarct reported 2(2) 3(2) .73
Prior cerebrovascular event reported 3(3) 3(2) .90
Prior history HF reported 2(2) 3(2) .73

Abbreviations: BMI = body mass index; HF = heart failure; LVEF = left ventricular ejection fraction.
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