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Background: We hypothesized that increased baseline BMI and BMI change would negatively impact clinical outcomes with
adjuvant breast cancer systemic therapy.

Methods: Data from chemotherapy trials MA.5 and MA.21; endocrine therapy MA.12, MA.14 and MA.27; and trastuzumab HERA/
MA.24 were analyzed. The primary objective was to examine the effect of BMI change on breast cancer-free interval (BCFI) land-
marked at 5 years; secondary objectives included BMI changes at 1 and 3 years; BMI changes on disease-specific survival (DSS) and
overall survival (OS); and effects of baseline BMI. Stratified analyses included trial therapy and composite trial stratification factors.

Results: In pre-/peri-/early post-menopausal chemotherapy trials (N=2793), baseline BMI did not impact any endpoint and
increased BMI from baseline did not significantly affect BCFI (P = 0.85) after 5 years although it was associated with worse BCFI
(P=0.03) and DSS (P=0.07) after 1 year. BMI increase by 3 and 5 years was associated with better DSS (P=0.01;0.01) and OS
(P=10.003; 0.05). In pre-menopausal endocrine therapy trial MA.12 (N = 672), patients with higher baseline BMI had worse BCFI
(P=0.02) after 1 year, worse DSS (P = 0.05; 0.004) after 1 and 5 years and worse OS (P=0.01) after 5 years. Increased BMI did not
impact BCFI (P= 0.90) after 5 years, although it was associated with worse BCFI (P = 0.01) after 1 year. In post-menopausal endo-
crine therapy trials MA.14 and MA.27 (N = 8236), baseline BMI did not significantly impact outcome for any endpoint. BMI change
did not impact BCFI or DSS after 1 or 3 years, although a mean increased BMI of 0.3 was associated with better OS (P= 0.02) after 1
year. With the administration of trastuzumab (N = 1395) baseline BMI and BMI change did not significantly impact outcomes.
Conclusions: Higher baseline BMI and BMI increases negatively affected outcomes only in pre-/peri-/early post-menopausal
trial patients. Otherwise, BMI increases similar to those expected in healthy women either did not impact outcome or were asso-
ciated with better outcomes.

Clinical Trials numbers: CAN-NCIC-MA5; National Cancer Institute (NCI)-V90-0027; MA.12-NCT00002542; MA.14-NCT00002864;
MA.21-NCT00014222; HERA, NCT00045032;,CAN-NCIC-MA24; MA-27-NCT00066573.
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about diet, weight loss, and regular exercise in early breast cancer
guidelines [1-5].

Reports indicating an association between obesity and incidence Obesity has been implicated as a significant risk factor in devel-
of breast cancer and outcome led to lifestyle reccommendations ~ oping breast cancer. Weight gain occurs in the majority of
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women following early breast cancer systemic therapy [6-9].
Women rarely return to their pre-diagnosis weight [10, 11].
In the Nurse’s Health Study, weight at diagnosis and weight gain
by 12 months were significantly associated with increased breast
cancer rates; weight gain increased recurrence risk to 1.35-1.64
[12]. Smaller and older studies generally reported that weight
gain after breast cancer diagnosis affected prognosis [13-15];
however, this was not always seen [16].

We examined here whether baseline BMI or weight change
impacted outcome in more contemporary phase III adjuvant tri-
als of chemotherapy, endocrine therapy, and trastuzumab.

Methods

Study design

Trials were approved by Health Regulatory authorities and centers’
Institutional Review Boards, and patients provided informed consent.
We utilized prospectively gathered individual patient data, with trials
classified by menopausal status and type of trial therapy.

Pre-, peri-, and early post-menopausal trials

Adjuvant chemotherapy. MA.5 randomized women to cyclophospha-
mide, epirubicin, and fluorouracil (CEF), or significantly inferior cyclophos-
phamide, methotrexate, and fluorouracil (CMF) [17]. We utilized 10-year
follow-up data [18]. MA.21 randomized women to CEF, or dose dense epi-
rubicin and cyclophosphamide followed by paclitaxel (EC/T), or significantly
inferior doxorubicin and cyclophosphamide followed by paclitaxel (AC/T)
[19]. We utilized final analysis median 8-year follow-up data [20].

Adjuvant endocrine therapy. MA.12 was a placebo-controlled trial of
tamoxifen in women who completed CMF, CEF, or AC. Tamoxifen was
directionally better at median 9.7 years follow-up [21].

Triple negative disease. Exploratory investigations used centrally-reviewed
ER, PR, and HER?2 for MA.5 and MA.12, and locally assessed for MA.21.

Post-menopausal trials

Adjuvant chemotherapy. No phase III adjuvant breast cancer chemo-
therapy trials were available.

Adjuvant endocrine therapy. MA.14 was a trial of tamoxifen *
Octreotide LAR with no significant treatment differences at final analysis
median 7.9 years follow-up [22]. In MA.27, the aromatase inhibitors
exemestane and anastrozole did not differ significantly at final analysis
median 4.1-years follow-up [23].

Pre- and post-menopausal trials

Adjuvant herceptin. Exploratory adjuvant herceptin examinations
arose from three sources: (1) 1-year herceptin therapy arm of HERceptin
Adjuvant (HERA) trial at median 4-year follow-up [24]; (2) MA.27,
when trastuzumab was a stratification factor [23]; and (3) MA.21, when
trastuzumab was permitted after June 2005 [20].

Baseline patient characteristics

For cross-trial comparisons, baseline patient characteristics/stratification factors
were categorized in a common way: age (<49; >50 years); menopausal status
(pre/peri/uncertain;post/missing); race (Caucasian/whitejother); ECOG

performance status (0;other); nodal status (N—;N+-;unknown); T status (T'1/in
situ; >T2;unknown); hormone receptor status (positivesnegative;unknown);
adjuvant chemotherapy (yes;no); adjuvant anthracyclines (yes;no).

The manuscript was written by the authors, with all authors reviewing
the final paper.

Patient population

CCTG trials patients who received trial treatment were included, catego-
rized by treatment received. MA.21 patients completed trial therapy
before the DSMC-mandated release of interim analysis. HERA patients
randomized to the 1-year herceptin arm were included.

Study endpoints

BMI change from baseline was defined as [(BMI at timepoint)—(baseline
BMI)]. We examined whether BMI change affected future clinical outcome
in those without an outcome event, by 1, 3, or 5 years [25]. The primary
objective was the effect of BMI change by 5 years on following breast
cancer-free interval (BCFI), where BCFI was defined as time from random-
ization until first invasive or DCIS recurrence, contralateral disease, or
breast cancer death; censoring was at non-breast second primary invasive
cancer, non-breast cancer death, or longest follow-up. Secondary objec-
tives included effects of BMI change by 1 and 3 years; effects of BMI change
on disease-specific survival (DSS) and on OS; and, effects of baseline BMI.
For CCTG trials, DSS was defined as time from randomization to death
with or from breast cancer; for HERA, DSS was defined as death following
recurrence without a cardiac event. OS was defined as time from random-
ization to death. Patient change in BMI was censored at BCFI event prior
to BMI assessment: for 1 year examinations (11, <18) months; for 3-year
(35, <42) months; for 5-year (59, <66) months. HERA trial examinations
were restricted to 1-year BMI assessments in the period (330, <400) days.

Statistical analysis

Weight was routinely collected at baseline and follow-up for CCTG led tri-
als; height was uniformly collected at baseline. Patients were predomi-
nantly excluded in landmarked analyses following 1, 3, and 5 years BMI
due to prior clinical outcome; therefore, patients included after timepoints
are characterized by their baseline BMI [25]. HERA patients routinely had
only baseline weight so patient characteristics were compared with exact
Fisher tests by whether BMI was available at baseline and 1-year.

BMI change and baseline BMI effects were assessed separately by meno-
pausal status and type of adjuvant systemic therapy. Effects were assessed
with stratified Cox models due to substantive evidence against the Cox
assumption of proportional hazards; stratification was by treatment and
baseline patient characteristics. Graphical depiction of log-linear BMI
effect on hazard by outcome was displayed with Forest plots, indicating the
number of patients assessed after 1, 3, and 5 years, mean (change in)
patient BMI with standard error, effect on outcome with hazard ratio
(HR), 95% HR confidence interval, and Wald statistic with nominal signif-
icance a two-sided P-value of 0.05, unadjusted for multiplicity.

Results

A CONSORT diagram (Figure 1) indicates patients included by
trial- and tumor-type. Table 1 provides trial-level comparative
baseline characteristics.

Pre-, peri-, and early post-menopausal trials

Adjuvant chemotherapy. Investigations utilized 2793 patients:
710 node positive (N+) MA.5 patients; 2083 MA.21 patients,
72% of whom were N+, 28% high risk node negative (Table 1).
Mean baseline BMI did not significantly impact BCFI, DSS, or
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I. Pre-, Peri-, early post-menopausal trials

Adjuvant chemotherapy Adjuvant endoctine therapy
MA'5 CEF vs Ciw: ) MA.12 Tamoxifen vs Placebo
pre- or peri-menopausal i+ women: pre- or peri-menopausal N+ or high
accrual N=710; isk N h leted CMF
rotocol treatment N=710 risk N- women who complete ’
P CEF, or AC:
accrual N=698;
+ protocol treatment N=672
MA.21 CEF vs EC/T vs AC/T
pre-menopausal or
early post-menopausal N+
or high risk N- women:
accrual N=2104;
protocol treatment N=2083
Il. Post-menopausal trials
Adjuvant chemotherapy Adjuvant endocrine therapy
No trials MA.14 Tamoxifen +/- Octreotide LAR

accrual N=667;
protocol treatment N=665

1

MA.27 Exemestane vs Anastrozole
accrual N=7576;
protocol treatment N=7571

I1l. Pre- and Post-menopausal trials: Adjuvant herceptin

HERA/MA.24 Herceptin vs Observation
accrual N=3028;
protocol treatment N=3028
MA.27 Herceptin when herceptin was stratification factor: N=74
MA.21 during Herceptin use: N=94

Figure 1. CONSORT diagram: patients in phase Ill adjuvant trials, classified by menopausal status and type of trial systemic therapy. CEF is
cyclophosphamide, epirubicin, fluorouracil; CMF is cyclophosphamide, methotrexate, fluorouracil; AC is doxorubicin, cyclophosphamide; EC/T
is epirubicin, cyclophosphamide followed by paclitaxel; AC/T is doxorubicin, cyclophosphamide followed by paclitaxel.

OS (Figure 2) after any timepoint. Mean BMI increased at 1-year

R T Lo DO T G S S by 0.7; increased BMI was associated with worse BCFI (P=0.03)
Factors MA5 MA.12 MA.14 MA.21 MA.27 HERA  and DSS (P=0.07) after 1-year. The mean BMI change at 5 years
was 1.1, which had no significant effect on BCFI (P=0.85) after

Total N 710 672 665 2083 7571 3028 5 H BMI i f1 3 d1.1
Ao < 50 P P <19 years. However, mean increase of 1 at 3 years and 1.1 at
9 5 years was associated with better DSS (P=0.01; 0.01) and better

Menopausal status: 100% 100% 0% 68% 0% 54%

B OS (P=0.003; 0.05) after 3 and 5 years.

Race White n/a n/a 97% 89% 95% 83%
ECOG performance 0 81%  65%  78%  84% 8%  91% Adjuvant endocrine therapy. BMI effects were assessed in
Node positive 100% 75%  47%  72%  28%  64% 672 MA.12 patients, 75% of whom were N+, all of whom
T1V/in situ 37%  43%  58% 3% /2%  35% received adjuvant chemotherapy. Patients with higher baseline
Hormone receptor ~ 68%  75%  91%  61%  100%  51% BMI had worse BCFI (P=0.02; Figure 3A) after 1-year, worse
positive DSS (P=0.05; 0.004) after 1 and 5 years and worse OS (P=10.01)
Chemotherapy Iedhe edE S U S TR after 5 years. Mean BMI change at 1-year was 1.3; increased BMI
Anthracyclines A0 oot 2 00 2Bt SOR0 was associated with worse BCFI (P=0.01) after 1-year. Mean

BMI change at 5 years was 1.7, and did not significantly impact
BCFI (P=0.90). Mean BMI changes of 1.3-1.7 did not signifi-
cantly impact DSS or OS after any timepoint.
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BMI effect - MA.5 + MA.21
Hazard ratio and 95% CL
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BCFI 1-year (N =2011)
Baseline BMI
BMI change

BCFI 3-year (N = 1641)
Baseline BMI
BMI change

BCFI 5-year (N = 1377)
Baseline BMI
BMI change

DSS 1-year (N = 2079)

Baseline BMI
BMI change

DSS 3-year (N = 1796)

27.36 0.011 1.004 0.983 1.025 0.71
0.66 0.08 1.069 1.007 1.135 0.028

27.47 0.014
1.02 0.034

1.004 0.977 1.033 0.764
1.050 0.982 1.123 0.156

27.42 0.02
1.06 0.04

0.983 0.946 1.022 0.392
1.008 0.932 1.090 0.847

27.33 0.012
0.64 0.034

1.015 0.992 1.038 0.201
1.064 0.995 1.138 0.071

Baseline BMI T 27.34 0.015 1.015 0.985 1.046 0.32
BMI change ] 1 .0.035 0.908 0.848 0.973 0.006
DSS 5-year (N=1517)
Baseline BMI [ ] 27.33 0.021 1.020 0.979 1.062 0.351
BMI change | 1.05 0.044 0.896 0.822 0.976 0.012
OS 1-year (N =2079)
Baseline BMI t 27.33 0.011 1.007 0.986 1.029 0.521
BMI change 0.64 0.032 1.046 0.983 1.113 0.16
OS 3-year (N = 1796)
Baseline BMI T 27.34 0.014 1.007 0.979 1.036 0.626
BMI change ] 1.0.032 0.910 0.854 0.969 0.003
OS 5-year (N=1517)
Baseline BMI _T 27.33 0.019 1.011 0.975 1.049 0.55
BMI change 1.05 0.039 0.926 0.859 0.999 0.047
Positive effect Negative effect
0.1 0.5 1 15 2 3 4 5

Figure 2. Effects of baseline BMI and BMI change on breast cancer free interval (BCFI), disease specific survival (DSS), overall survival (OS):
Pre-, peri-, and early post-menopausal adjuvant chemotherapy trials. SE is standard error; HR is hazard ratio; LCL is the lower 95% confidence
limit; UCL is the upper 95% confidence limit; P-value is based on a two-sided Wald statistic from a stratified Cox model.

Triple negative disease. BMI effects on BCFI were assessable for
N=1250, 948, and 739 triple negative patients after 1, 3, and
5 years. Baseline BMI did not significantly impact BCFI, DSS, or
OS (Figure 3B). Mean BMI increases of 1.1-1.6 did not signifi-
cantly impact BCFI after any timepoint; nor, DSS or OS after 1 or
5 years. Increased mean BMI of 1.4 at 3 years was associated after-
wards with better DSS and OS (P=0.05; 0.01).

Post-menopausal trials

Adjuvant endocrine therapy. BMI effects were assessed in 8236
patients: 665 MA.14 patients, 47% of whom were N+, with 31%
receiving chemotherapy; and 7571 MA.27 patients who were 28%

N+, with 31% receiving chemotherapy (Table 1). Baseline BMI
did not significantly impact outcome for any endpoint, at any
timepoint (Figure 4), Mean BMI change of 0.2-0.3 did not signif-
icantly impact BCFI at any timepoint, or DSS after 1 or 3 years.
Mean increased BMI of 0.3 at 1 year was associated with better
OS (P=0.02) after 1 year.

Pre- and post-menopausal trials

Adjuvant herceptin. Trastuzumab therapy was received by 1491
HERA patients, 1249 of whom (supplementary Table S1, available
at Annals of Oncology online), were assessable for BMI changes by
1-year; trastuzumab patients assessable at 1-year were not signifi-
cantly different from those who were not (P=0.14-0.78). Mean
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A BMI effect - MA.12
Hazard ratio and 95% CL
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BCFI 1-year (N = 526)
Baseline BMI [ ] 26.9 0.014 1.033 1.006 1.061 0.016
BMI change il 1.27 0.043 1.116 1.027 1.213 0.01
BCFI 3-year (N = 420)
Baseline BMI ):-( 26.59 0.021 1.014 0.973 1.057 0.497
BMI change 1.61 0.048 1.003 0.913 1.102 0.949
BCFI 5-year (N = 352)
Baseline BMI }_:{ 26.64 0.031 1.036 0.976 1.100 0.242
BMI change 1.71 0.058 1.007 0.899 1.128 0.901
DSS 1-year (N = 540)
Baseline BMI L-‘ 26.85 0.016 1.033 1.000 1.066 0.05
BMI change 1.25 0.053 1.085 0.978 1.204 0.124
DSS 3-year (N = 470)
Baseline BMI )_: 26.71 0.022 1.034 0.992 1.079 0.117
BMI change 1.54 0.053 0.966 0.871 1.071 0.508
DSS 5-year (N = 370)
Baseline BMI L 3 26.73 0.044 1.135 1.041 1.238 0.004
BMI change —m— 1.69 0.099 0.961 0.791 1.167 0.687
OS 1-year (N = 540)
Baseline BMI L-( 26.85 0.016 1.024 0.993 1.057 0.131
BMI change 1.25 0.052 1.083 0.978 1.200 0.125
OS 3-year (N =470)
Baseline BMI )-: 26.71 0.021 1.032 0.991 1.076 0.13
BMI change 1.54 0.051 0.948 0.858 1.048 0.298
OS 5-year (N = 370)
Baseline BMI Ll 26.73 0.043 1.128 1.036 1.228 0.006
BMI change —-— 1.69 0.097 0.939 0.777 1.135 0.515
Positive effect Negative effect
0.1 0.5 1 15 2 3 4 5

Figure 3A. Effects of baseline BMI and BMI change on breast cancer
Pre- and peri-menopausal adjuvant endocrine therapy. SE is standard
the upper 95% confidence limit; P-value is based on a two-sided Wald

baseline BMI and mean BMI change of 0.4 did not significantly
impact later BCFI, DSS, or OS for trastuzumab-treated patients
(supplementary Figure S1, available at Annals of Oncology online).

Discussion

A priori, we expected higher baseline BMI and increased BMI to
negatively impact outcome [1-16]. We examined the impact of
baseline BMI and change in BMI in six contemporary phase III
trials. Obesity, particularly abdominal obesity, determines

free interval (BCFI), disease specific survival (DSS), overall survival (OS):
error; HR is hazard ratio; LCL is the lower 95% confidence limit; UCL is
statistic from a stratified Cox model.

systemic endocrine environment, encourages breast cancer devel-
opment, and elevated circulating insulin, that is mitogenic, anti-
apoptotic and pro-angiogenic [26, 27]. Several adipokines pro-
duced by adipose tissue are related to hyperinsulinemia and
angiogenesis promotion, contributing to aggressive breast cancer
[28]. Potentially, obesity increases estradiol levels, the mitotic
rate of breast epithelial cells [29], disease recurrence [30], and
chronic low-grade inflammation linked to tumor progression
[31]. Generally, this hypothesis was not supported in our study.
Caan et al reported with 12915 cases diagnosed 1990-2006,
that weight gain did not impact DSS, although it negatively
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BMI effect - MA.14 + MA.27

Hazard ratio and 95% CL
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BCFI 1-year (N = 1250)
Baseline BMI [ ] 27.1 0.023 1.016 0.972 1.062 0.487
BMI change S 1.09 0.066 1.101 0.968 1.252 0.143
BCFI 3-year (N = 948)
Baseline BMI L] 27.06 0.036 0.992 0.925 1.064 0.828
BMI change -] 1.38 0.108 1.110 0.899 1.370 0.333
BCFI 5-year (N = 739)
Baseline BMI - 26.91 0.07 0.877 0.764 1.006 0.061
BMI change —— 1.55 0.183 1.279 0.894 1.830 0.178
DSS 1-year (N = 1299)
Baseline BMI : 27.04 0.025 1.028 0.980 1.079 0.256
BMI change 1.07 0.069 1.022 0.893 1.171 0.749
DSS 3-year (N=1073)
Baseline BMI L ] 26.98 0.037 1.021 0.950 1.098 0.566
BMI change ] 1.35 0.086 0.843 0.712 0.997 0.047
DSS 5-year (N = 828)
Baseline BMI = = 26.86 0.064 0.994 0.876 1.127 0.925
BMI change 1 —H 1.53 0.131 0.814 0.630 1.051 0.115
OS 1-year (N = 1299)
Baseline BMI : 27.04 0.023 1.016 0.972 1.063 0.479
BMI change 1.07 0.051 1.000 0.887 1.128 0.996
OS 3-year (N =1073)
Baseline BMI ] 26.98 0.035 1.001 0.934 1.072 0.982
BMI change | 1.35 0.077 0.825 0.709 0.960 0.013
OS 5-year (N = 828)
Baseline BMI o 26.86 0.053 0.989 0.892 1.096 0.831
BMI change (| 1.53 0.104 0.864 0.704 1.059 0.158
Positive effect Negative effect
0.1 0.5 1 15 2 3 4 5

Figure 3B. Effects of baseline BMI and BMI change on breast cancer

free interval (BCFI), disease specific survival (DSS), and overall survival

(OS): Triple negative patients. SE is standard error; HR is hazard ratio; LCL is the lower 95% confidence limit; UCL is the upper 95% confidence
limit; P-value is based on a two-sided Wald statistic from a stratified Cox model.

impacted OS [32]. Bradshaw et al. found for 1033 cases diagnosed
1996-1997 that weight gains > 10%, or losses > 5% after diagno-
sis led to worse OS and DSS [33]. Which leads to whether to tar-
get weight gain, or changes in dietary fat.

Consensus is that higher baseline BMI is a risk factor for breast
cancer development and in earlier treatment-eras, may have
impacted outcome. Cases included in a meta-analysis were diag-
nosed between 1963 and 2005 and reported that obese patients
had elevated risk of relapse and poor outcomes [34]. In a study

follow-up with 213075 survivors diagnosed between 1957 and
2009, baseline BMI significantly impacted DSS; the association was
weaker in clinical trials than observational studies [35]. Cecchini
etal. [36] reported in four randomized trials that baseline BMI was
associated with lower survival with ER positive tumors.

Our study included randomized trials with enrollment during
1989-2008 with most patients enrolling after 2000 to contempo-
rary treatments. We incorporated the effects of prognostic
factors, type of treatment (adjuvant chemotherapy, endocrine, or
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BMI effect - MA.5 + MA.12 + MA.21 (Triple negative)
Hazard ratio and 95% CL

?,% . 4'&&
N
BCFI 1-year (N = 6988)
Baseline BMI : 29.53 0.009 0.994 0.977 1.011 0.479
BMI change 0.26 0.031 0.991 0.932 1.053 0.761
BCFI 3-year (N = 5320)
Baseline BMI ):-( 29.36 0.017 0.978 0.946 1.011 0.183
BMI change 0.18 0.043 0.984 0.904 1.071 0.712
BCFI 5-year (N = 1321)
Baseline BMI i3 28.97 0.056 1.104 0.970 1.258 0.135
BMI change et 0.18 0.129 1.087 0.844 1.401 0.518
DSS 1-year (N = 7075)
Baseline BMI ; 29.52 0.005 1.001 0.992 1.011 0.77
BMI change 0.26 0.044 0.965 0.886 1.052 0.418
DSS 3-year (N = 5451)
Baseline BMI ! 29.36 0.032 0.995 0.934 1.060 0.871
BMI change 0.17 0.089 0.947 0.795 1.128 0.543

DSS 5-year (N = 1379)

Baseline BMI 28.99* _* I
BMI change o7
OS 1-year (N = 7075)
Baseline BMI 29.52 0.003 1.004 0.998 1.009 0.206
BMI change 0.26 0.028 0.938 0.887 0.991 0.024
OS 3-year (N = 5451)
Baseline BMI 29.36 0.016 1.028 0.996 1.062 0.087
BMI change 0.17 0.04 0.941 0.871 1.017 0.127
OS 5-year (N =1379)
Baseline BMI } . | 28.99 0.397 0.843 0.387 1.838 0.668
BMI change } .y | 0.17 0.62 0.925 0.275 3.119 0.901

Positive effect

Negative effect

0.1

0.5 1

15 2 3 4 5

Figure 4. Effects of baseline BMI and BMI change on breast cancer free interval (BCFI), disease specific survival (DSS), overall survival (OS): Post-
menopausal adjuvant endocrine therapy. SE is standard error; HR is hazard ratio; LCL is the lower 95% confidence limit; UCL is the upper 95%
confidence limit; P-value is based on a two-sided Wald statistic from a stratified Cox model. *indicates Cox model not fit due to lack of events.

trastuzumab) and specific subtype (triple negative). Higher base-
line BMI only negatively impacted outcomes in the pre-
menopausal endocrine trial MA.12. Increases in BMI by 1-year
only negatively affected later outcomes in the pre-/peri-/early
post-menopausal trials (MA.12; MA.5/MA.21). Otherwise, BMI
increases, similar to those expected in healthy women, either did
not impact outcome or were associated with better outcomes. To
the best of our knowledge, this is the first study to examine the
impact of BMI change in a phase III adjuvant trastuzumab trial;
our results are supported by a previous finding that trastuzumab
impact had no association with baseline BMI [37].

Baseline BMI increased over time from 26.5 in the oldest trial,
MA.5, to 29.6 in MA.27, opening in 2003. We postulate that
modest gains in higher unhealthy baseline BMI may not add
much risk, or that new regimens and treatments mask baseline
BMI effect with effective contemporary treatments superseding
BMI effects.

The strength of this study is its large size with >5-year follow-
up for all trials except MA.27 and HERA/MA.24, and contempo-
rary treatments. Patient weight was measured at multiple
timepoints, 1, 3, and 5 years after accrual, and the effects of base-
line BMI and BMI change were adjusted for baseline risk factors.

1566 | Yerushalmi et al.
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The limitations of the study include that height was consis-
tently measured only at baseline and menopausal status was that
at trial enrollment. Some of our treatments are no longer com-
monly used. Compliance of oral medications is not incorporated.
HERA was the predominant source of trastuzumab treatment
data; however, weight was only required at baseline. Hormone
receptor status was predominantly locally determined. Clinical
trials may not represent clinical practice experience.

Other studies have also reported the impact of weight gain in
pre-menopausal patients receiving third generation adjuvant treat-
ments [38—40]. The Nurses’ Health Study also found associations
with weight were stronger in pre-menopausal women [12].

In summary, we found higher baseline BMI only negatively
impacted outcomes in the pre-menopausal endocrine trial
MA.12. Further, only increased BMI by 1-year negatively affected
outcomes in the pre-/peri-/early post-menopausal MA.12 endo-
crine trial and (MA.5, MA.21) chemotherapy trials. Otherwise,
BMI increases, similar to those expected in healthy women, and
either did not impact outcome or were associated with better out-
comes. With improved survival the focus should concentrate on
good nutrition, weight control and exercise for our patients,
although we have not shown that these consistently improve
breast cancer outcomes [41].
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