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Abstract Background: Obesity has been shown to be an
indicator of poor prognosis for patients with primary breast
cancer (BC) regardless of the use of adjuvant systemic
therapy. Patients and methods: This is a retrospective anal-
ysis of 2,887 node-positive BC patients enrolled in the BIG
02-98 adjuvant study, a randomised phase III trial whose
primary objective was to evaluate disease-free survival
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(DFS) by adding docetaxel to doxorubicin-based chemo-
therapy. In the current analysis, the effect of body mass index
(BMI) on DFS and overall survival (OS) was assessed. BMI
was obtained before the first cycle of chemotherapy. Obesity
was defined as a BMI > 30 kg/mz. Results: In total, 547
(19%) patients were obese at baseline, while 2,340 (81%)
patients were non-obese. Estimated 5-year OS was 87.5% for
non-obese and 82.9% for obese patients (HR 1.34;
P = 0.013). Estimated 5-years DFS was 75.9% for non-
obese and 70.0% for obese patients (HR 1.20; P = 0.041).1In
a multivariate model, obesity remained an independent
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prognostic factor for OS and DFS. Conclusions: In this study,
obesity was associated with poorer outcome in node-positive
BC patients. Given the increasing prevalence of obesity
worldwide, more research on improving the treatment of
obese BC patients is needed.

Keywords Breast cancer - Obesity - BMI -
Adjuvant chemotherapy - Docetaxel - Node-positive

Introduction

It is estimated that the worldwide incidence of breast cancer
in 2010 will be 1.45 million women [1]. In the United States
alone, an estimated 182,460 women were to be diagnosed
with breast cancer, and 40,480 women were to die from this
disease in 2008 [2]. In the European Union, an estimated
319,900 women were diagnosed with breast cancer and
85,300 women died from this disease in 2006 [3]. There has
been a dramatic increase in the prevalence of obesity
throughout the developed and developing world over the
past 20 years. Obesity prevalence varies from country to
country, but overall an estimated 300 million people
worldwide are obese [4]. In 2007, only one state in the USA
(Colorado) had a prevalence of obesity <20%. Thirty states
had a prevalence >25%; three of these states (Alabama,
Mississippi and Tennessee) had a prevalence of obesity
>30% [5]. In general, more women than men are obese [6].

Body mass index (BMI), defined as the weight in kilo-
grams divided by the square of the height in meters
(kg/m?), is often categorized according to the recommen-
dations of the World Health Organization (WHO): <18.5
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(underweight), 18.5-24.99 (normal range), 25-29.99
(overweight), >30-34.99 (obese) and >35 (excess obesity)
[7].

Several studies, including a meta-analyses, have shown
that obesity is an adverse prognostic factor in breast cancer
patients; however, results were not consistent across all
studies since different patient populations (e.g. extent of
disease, menopausal status, estrogen receptor status),
treatments and BMI cut-offs have been included in these
analyses [8—11]. Obesity has been associated with poor
outcomes in pre- and postmenopausal patients, and this is
not entirely explained by differences in tumor size or nodal
status [12]. Notably, obese patients are more likely to
receive a lower chemotherapy dose (<85% of expected
dose) for the first course compared with patients with
normal or intermediate (overweight) BMI, and this reduc-
tion impacts negatively on the outcome, particularly in
patients with estrogen receptor (ER)-negative tumors [13].
Also, obesity has been associated with an increased risk of
contralateral breast cancer and second primary cancers in
some studies [8, 14].

Anthracyclines and taxanes have been shown to improve
the outcome when used as adjuvant treatment for node-
positive breast cancer patients and are widely used [15-17].
To further explore the relationship between obesity and
outcome in patients with BC, we performed a retrospective
analysis of data from a prospective phase III trial including
2,887 women with node-positive breast cancer. The Breast
International Group (BIG) 02-08 randomised trial tested
the effect of incorporating docetaxel into anthracycline-
based adjuvant chemotherapy and compared sequential
versus concurrent administration of doxorubicin and
docetaxel. This trial showed that sequential administration
of docetaxel appears to produce a better disease-free sur-
vival (DFS) than anthracycline-based chemotherapy in
node-positive breast cancer patients [15]. We report here
the results of an unplanned subgroup analysis comparing
clinical outcomes in obese and non-obese patients enrolled
in the BIG 02-98 trial.

Materials and methods

The methods of the BIG 02-98 trial have previously been
reported [15]. Briefly, eligible patients were aged 18-
70 years with operable, adequately resected breast cancer
and at least one positive axillary lymph node among a
minimum of eight dissected lymph nodes. A normal left
ventricular ejection fraction and adequate hematologic,
liver and renal function were required. All patients gave
written or witnessed informed consent prior to randomi-
zation. Institutional Ethics Committees approved the pro-
tocol at all participating sites.
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In total, 2,887 patients were randomly assigned to one of
the following four chemotherapy arms: (1) four cycles of
intravenous (i.v.) doxorubicin 75 mg/m” every 3 weeks
followed by three cycles of cyclophosphamide, methotrexate
and 5-fluorouracil (CMF); (2) four cycles of i.v. doxorubicin
60 mg/m” plus i.v. cyclophosphamide 600 mg/m* every
3 weeks, followed by three cycles of CMF; (3) three cycles
of i.v. doxorubicin 75 mg/m?* every 3 weeks, followed by
three cycles of i.v. docetaxel 100 mg/m? every 3 weeks,
followed by three cycles of CMF; (4) four cycles of i.v.
doxorubicin 50 mg/m? plus i.v. docetaxel 75 mg/m* every
3 weeks, followed by three cycles of CMF. CMF was given
every 4 weeks as oral cyclophosphamide at 100 mg/m? on
days 1-14 and i.v. methotrexate 40 mg/m? plus i.v. 5-fluo-
rouracil 600 mg/m* on days 1 and 8. The duration of each
chemotherapy regimen was 24 weeks, except for the
sequential docetaxel regimen (arm 3) which was 30 weeks.

After chemotherapy, tamoxifen 20 mg/day for 5 years
was prescribed for patients with ER- and/or progesterone
receptor (PgR)-positive tumors. In 2004, a protocol amend-
ment allowed for the use of aromatase inhibitors in post-
menopausal women and the addition of ovarian suppression
in premenopausal women. This trial was conducted before
the approval of adjuvant trastuzumab therapy. Radiation was
mandatory after breast-conserving surgery and administered
after mastectomy according to institutional guidelines.

Chemotherapy doses were given according to baseline
body surface area (BSA). Actual body weight was used for
calculation of BSA, and ideal body weight was not utilized.
BSA was recalculated if there was a 10% or greater
decrease in body weight compared to baseline. After one
obese patient died due to treatment-related toxicity, a
protocol amendment in December 2000 limited the che-
motherapy dose to a maximum BSA of 2.0 m”. At the time
of this amendment, approximately 75% of total trial
patients had been accrued. BMI was calculated, using
height and weight at baseline, as the weight in kilograms
divided by height in meters squared.

Statistical considerations

According to the World Health Organization, patients can
be classified in 5 BMI subgroups: underweight <18.5 kg/
m?; normal 18.5-24.9 kg/m?; overweight 25.0-29.9 kg/m?;
obesity 30.0-34.9 kg/m?; and excess obesity >35 kg/m>.
In our analyses, obesity was defined as a BMI > 30 kg/m?.

Stratified Cox proportional hazards regression model
was used to assess adjusted effect of BMI on DFS and
overall survival (OS) [18]. Models were stratified for hor-
mone receptor status, age, menopausal status and number

Table 1 Patient and tumor characteristics

Obese
(n = 547; 19%)

Non-obese

(n = 2,340; 81%)

Median age (range)
<50 years
>50 years

Menopausal status
Premenopausal
Postmenopausal
Other

pTumour size
<2 cm
2.1-5.0 cm
>5 cm

Unknown

Positive lymphnodes
1-3
4-10
>10

Hormone receptor status
At least 1 positive
Negative

Surgery
Breast conservation

Mastectomy

Adjuvant endocrine therapy
Yes

Previous disease
Cardiac

Diabetes

BSA
Median
Range

BMI
Median
Range

52 (29-69)
205 (37.5%)
342 (62.5%)

226 (41.3%)
297 (54.3%)
24 (4.4%)

192 (35.1%)
315 (57.6%)
39 (7.1%)

1 (0.2%)

272 (49.7%)
190 (34.7%)
85 (15.5%)

404 (73.9%)
143 (26.1%)

217 (39.7%)
297 (54.3%)

399 (72.9%)

182 (33.2%)

42 (7.6%)

1.9
1.6-2.3

343
30.0-54.9

48 (27-70)
1,337 (57.1%)
1,003 (42.9%)
P < 0.001

1,326 (56.7%)
876 (37.4%)
138 (5.9%)

P < 0.001

951 (40.6%)
1,208 (51.6%)
168 (7.2%)

13 (0.6%)

P =0.0527

1,295 (55.3%)
759 (32.4%)
286 (12.2%)
P =0.029

1,776 (75.9%)
564 (24.1%)
P =032

948 (40.5%)
1,285 (54.9%)
P =033

1,726 (73.8%)
P =070

272 (11.6%)
(P < 0.0001)

34 (1.45%)
(P < 0.0001)

1.7
1.3-2.1
P < 0.0001

242
15.9-29.9
P < 0.0001

Bold text indicates statistical significance

BMI body mass index, BSA body surface area

@ Springer



148

Breast Cancer Res Treat (2010) 119:145-153

Table 2 Mean cumulative and
relative doses of chemotherapy
in obese and non-obese patients

Docetaxel®

. 2
Bold text indicates statistical Mean cumulative dose (mg/m")
significance Mean relative dose intensity (%)

* Two thirds of patients were Doxorubicin

randomized to receive docetaxel Mean cumulative dose (mg/m?)

® Missing patients is because
some patients did not start
treatment or have insufficient
data. Data for each drug is
reported separately and not as a
regimen

Mean relative dose intensity (%)

CMF*

Mean relative dose intensity (%)
¢ Mean cumulative dose of
CMF was not calculated

Obese Non-obese
(n = 547; 19%) (n = 2,340; 81%)
365 1,530
283.7 287.2 (P = 0.43)
95.0 96.0 (P = 0.72)
543° 2,322°
228.4 227.6
P =064
97.7 96.9
P =087
543° 2,322°
92.8 91.9
P =0.01

Table 3 Five-year overall and disease-free survival in 2,887 node-
positive breast cancer patients according to BMI categories

Subgroup No. pts 5-years (%) HR (95% CI) P value

Overall survival
Non-obese® 2,340 875

Obese 547 829 1.34 (1.06-1.69) 0.013

Underweight® 50 913 0.80 (0.33-1.96) 0.63

Normal 1,315 89.3 Reference
Overweight 975 849 1.24 (0.98-1.56) 0.069
Obesity 371 849 1.44 (1.07-1.94) 0.016

Excess obesity 176 79.7 1.56 (1.07-2.28) 0.021

Subgroup No. pts 5-years (%) HR (95% CI) P value

Disease-free survival
Non-obese” 2,340
Obese 547

759

70.0 1.20 (1.01-1.44) 0.041

Underweight” 50  67.0 1.59 (0.97-2.59) 0.065

Normal 1,315  78.0 Reference

Overweight 975 73.6 1.15 (0.97-1.37) 0.10
Obesity 371 69.5 1.41 (1.13-1.76) 0.003
Excess obesity 176  71.2 1.10 (0.80-1.50) 0.56

Bold text indicates statistical significance
CI confidence interval, HR hazard ratios
* Using cut-off of >30 Kg/m?

® Using WHO classification: underweight <18.5 kg/m* normal
18.5-24.9 kg/mz; overweight 25.0-29.9 kg/ng obesity 30.0-34.9 kg/
m? and excess obesity >35 kg/m?

of positive lymph nodes. Multivariate models with hor-
mone receptor status, age, menopausal status, tumor size
and number of positive lymph nodes as covariates were
fitted as sensitivity analyses.

BMI was used as a dichotomous variable in the model.
Kaplan—-Meier methods were used to estimate survival
curves. Interaction tests between BMI and other patient

@ Springer

characteristics were performed to determine whether the
effect of BMI differed depending on the level of the vari-
ables. DFS was calculated from the date of randomization to
the first date of a local, regional, or distant relapse; of the
diagnosis of a second primary cancer, including contralat-
eral invasive breast cancer; or of death from any cause.
Stratified Log rank tests were used to compare time to death
(when death was the first event), time to distant relapse and
time to second primary cancer between obese and non-
obese patients. Overall survival was calculated from the
date of randomization to the date of death from any cause.

All reported P values are two-sided, and P < 0.05 was
considered statistically significant. All statistical analyses
were performed using SAS for Windows (release 9.1; SAS
Institute, Cary, NC).

Results

Relationship between patient and tumor characteristics
and BMI categories

In total, 2,887 patients were enrolled in the BIG 02-98
phase III trial from June 10, 1998 to June 26, 2001. The
median follow-up at the time of this analysis was
62.5 months. Using the cut-off of >30 Kg/m?, 547 patients
(19%) were classified as obese, and 2,340 patients (81%)
were classified as non-obese at study entry. Patient and
tumor characteristics are described in Table 1. Median age
was 52 years (29-69) in obese and 48 years (27-70) in
non-obese patients. Obese patients were more likely to be
older (=50 years), postmenopausal, to have larger tumors
(2.1-5.0 cm), and 4 or more positive lymph nodes com-
pared with non-obese patients. Obese patients were more
likely to have a history of cardiac disease and diabetes at
study entry compared with non-obese patients (P < 0.001
for both).
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There were no significant differences in mean cumula-
tive dose (calculated as mg/m?) and relative dose intensity
for doxorubicin and docetaxel between obese and non-
obese patients, although, obese patients were more likely to
receive a slightly higher mean relative dose intensity of
CMF (Table 2). Therefore, no undertreatment was
observed in our obese patient population. During chemo-
therapy administration, 604 patients (21.08%) had dose
reductions with non-significant differences between obese
and non-obese patients (20.3 versus 21.3%, respectively;
P =0.6).

Obesity and survival

Obese patients had a worse outcome compared with non-
obese patients in terms of overall survival and DFS
(Table 3). Estimated 5-year overall survival was 82.9% for
obese and 87.5% for non-obese patients [Hazard ratio (HR)
1.34; 95% confidence interval (CI) 1.06-1.69; P = 0.0134;
unadjusted HR 1.48; P = 0.0007] and estimated 5-year
DFS was 70.0% for obese and 75.9% for non-obese
patients (HR 1.20; 95% CI 1.01-1.44; P = 0.041; unad-
justed HR 1.29; P = 0.005) (Fig. 1la, b). When diabetes
and history of cardiac disease were added to the model,
obesity remained a significant prognostic factor (P = 0.03
for DFES and P = 0.006 for OS). These differences were
also evident when the population was divided according to
the 5 WHO BMI subgroups (P = 0.016 for “obesity”
versus normal for overall survival, and P = 0.003 for
“obesity” versus normal for DFS) (Table 3).

There were no significant differences between obese and
non-obese patients in terms of time to death as first event,
time to breast cancer relapse and time to second primary
tumor.

In univariate analysis, among obese patients, those with
>4 positive lymph nodes (P = 0.012), or who were pre-
menopausal (P = 0.01) or age <50 years at randomization
(0.0011) had a significantly worse overall survival com-
pared with non-obese patients (Fig. 2a, b). The detrimental
effect of obesity on overall survival was greater for
younger than for older women (P interaction test = 0.041)
(Fig. 2a). In a multivariate model with hormone receptor
status, age, menopausal status, tumor size and number of
positive lymph nodes as covariates, obesity remains an
independent prognostic factor for overall survival (HR
1.36; P = 0.008) and DFS (HR1.20; P = 0.04) (Table 4).

In this study, we also performed subgroup analysis
according to ER and PgR status (Fig. 2a, b). In this anal-
ysis, obese patients appear to have a worse outcome in
patients with at least one hormone receptor negative. At the
moment of this analysis, the results of HER2 status were
not available but, in the future, such an analysis may pro-
vide additional insights into these results.

-
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Fig. 1 a Kaplan—Meier estimates of overall survival by obesity at
baseline for obese versus non-obese patients. b Kaplan-Meier
estimates of disease-free survival by obesity at baseline for obese
versus non-obese patients

Regarding Grade 3-4 adverse events, obese patients
were more likely to have diarrhea, hyperglycemia, hyper-
tension, infection and hospitalization due to an adverse
event than non-obese patients (Table 5).

Discussion

In this retrospective analysis of a large, well-conducted,
randomised phase III trial of adjuvant chemotherapy,
obesity was associated with poorer outcome in terms of
overall survival and DFS, remaining an independent
prognostic factor in the multivariate model. A cohort of
obese node-positive patients (n = 833) included in several
International Breast Cancer Study Group trials had a worse
10-year overall survival, but no difference was seen in DFS
[19].
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Fig. 2 a Forest-plot estimates
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Non-obese worse

Other studies have shown that obese patients are more
likely to be undertreated because of chemotherapy dose
adjustments. However, in our study, no significantly lower
treatment dose or intensity had been given to obese
patients. In a recent review of 44 trials, of 22 protocols
initiated prior to December 1984, 21 (95%) either did not
directly address dose determinations in obese patients
(n =9) or specified dose reduction (n = 12) in obese
patients. By contrast, of 22 protocols initiated after
December 1984, 10 (45%) specified full weight-based
dosing, 7 (32%) specified dose limits and 5 (23%) provided
no specific information on chemotherapy dosing in obese
patients (P = 0.004) [20]. Importantly, underdosing che-
motherapy may contribute to the poorer survival rates in

@ Springer

Obese worse

patients with breast cancer, particularly in those with ER-
negative tumors [13].

A retrospective analysis of the relationship between
BMI and pathologic response (pCR) in 1,169 patients
receiving neoadjuvant chemotherapy showed that obese
patients were more likely to have ER-negative tumors
(P = 0.01), stage III tumors (P < 0.01) and worse OS
(P = 0.006). In the multivariate model, there was no sig-
nificant difference in pathologic complete response (pCR)
rates to neoadjuvant chemotherapy for obese compared
with normal/underweight patients. However, when over-
weight and obese groups were combined and compared
with normal/underweight groups, there was a significant
association, with higher BMI associated with lower pCR
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Table 4 Events used for disease-free and overall survival Table 5 Incidence of grade 3-4 adverse events in the safety
calculations population
Obese Non-obese Obese Non-obese
(n = 547; 19%) (n = 2,340; 81%) (n = 543; 19%) (n = 2,322; 81%)
Death (all) 100 (18.3%) 303 (12.3%) P = 0.013** Allergy 1.5 0.7
Breast cancer 91 (91.0%) 277 (91.4%) Anemia 1.8 2.6
Other 9 (9%) 26 (8.6%) Any cardiac event 0.7 0.6
Death (first event)* 6 14 P = 0.30** Diarrhea 4.4 2.2%
Breast cancer 1 (16.7%) 5 (35.7%) Febrile neutropenia 8.7 7.5
Other 4 (66.7%) 4 (28.6%) Hyperglycemia 0.7 0.1%*
Septic from study 1 (16.7%) 3 (21.4%) Hypertension 0.7 0. 1%
therapy Infection 8.8 4.7*
Missing or unknown 0 2 (14.3%) Myalgia 1.5 1.2
Breast cancer 139 502 P = 0.078%%* Nausea 7.0 53
relapse** Neurosensory 0.4 0.2
Local 22 (15.8%) 95 (18.9%)
) Pulmonary 2.0 0.3
Réglonal 7 (5%) 34 (6.8%) Skin 17 038
Dt @ @50 Stomatis ;s 15
et;(r):o rcp ramary - Thrombocytopenia 2.8 22
Endometrium 2 (11.8%) 5 (9.4%) Vomiting 5.9 4.8
Ovarian 2 (11.8%) 2 (3.8%) Hospitalization due to AE ~ 22.9 16.8
Breast 5 (29.4%) 15 (28.3%) Toxic death 02 0.1
Other 8 (47%) 31 (58.5%) Bold text indicates statistical significance. Values are given in

* Some patients may have more than one type of relapse
** Adjusted Log rank test comparing the time to event

? Obese (1.09%) and non-obese (0.6%)

® Obese (25.4%) and non-obese (21.4%)

¢ Obese (3.1%) and non-obese (2.2%)

rates [21]. Unfortunately, chemotherapy-dosing patterns
(dose administered and/or dose reductions) were not
available in this study and reduction in dosing because of
obesity may influence pCR and survival. Therefore, obesity
may be linked not only to prognosis but also to prediction
of response to neo-adjuvant chemotherapy.

In our study, worse overall survival was observed in
obese patients with >4 lymph nodes, premenopausal or
patients aged <50 years; however, interaction test was
significant for age only (Fig. 2a). Our finding that BMI has
a greater effect on prognosis in younger women and less
effect on older or postmenopausal patients is consistent
with the results of other studies [22, 23]. A trend toward a
larger impact of obesity on worsening outcome was
observed for patients with at least one hormone receptor
negative, similar to the results of one other study [24].

The exact mechanism responsible for the effect of
obesity on breast cancer outcomes remains unclear, but it is
known that the obesity has effects on a number of hor-
mones including estrogen and growth factors potentially

percentage

# P =0.027
#% P = (0.014
#k P = (.028
£ p=0.002
£ p =0.0009

linked to breast cancer. Also, the obesity-related conse-
quences include altered concentrations of circulating adi-
pocytokines and development of the insulin resistance
including hyperinsulinemia and impaired glucose metabo-
lism [25]. Obesity has been associated with an increased
risk of developing breast cancer particularly in postmeno-
pausal patients with ER-positive and PgR-positive tumors
(82% higher risk; 95% CI 55-114%) [26]. We found a
worse outcome in subgroup analysis in those patients
presenting ER-positive and PgR-negative tumors or both
ER- and PgR-negative tumors (Fig. 2a, b). Although sub-
group analyses may be informative, they are often con-
founded by the increased likelihood of false positive and/or
negative results; therefore, they should always be inter-
preted with caution. Conversely, for women with lymph
node-negative, ER-positive breast cancer included in the
NSABP B14 trial, obesity was not associated with increase
in recurrence risk or a change in tamoxifen efficacy, though
there was an increased risk of contralateral breast cancer
and overall mortality [27].
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Obesity has also been studied in other solid tumors such
as colon cancer. Notably, neither BMI nor weight changes
(loss or gain during the time period between ongoing
adjuvant chemotherapy and 6 months after its completion)
were associated with a significantly increased risk of can-
cer recurrence and death in patients with colon cancer
enrolled on a randomised phase III trial of adjuvant che-
motherapy [28], which is in contrast with results of other
studies demonstrating that obesity may be associated with
these outcomes [29-31].

Some potential limitations for our study should be
considered, and they include a lack of data collection on
body habitus such as waist-hip ratio or waist circumfer-
ence; also an analysis of changes in weight at the end of
adjuvant chemotherapy or during follow-up was not per-
formed; and the reporting of unplanned subgroup analysis.
Nevertheless, our study has several strengths such as (a) the
large sample size included in the analysis (nearly 3,000
patients); (b) the detailed information on previous diseases
and the precise information on weight and height prior to
chemotherapy and (c) homogenous treatment (adjuvant
chemotherapy per protocol) given to patients rather than
several regimens widely prescribed.

In spite of such limitations, this study strongly supports
the negative effect of obesity in women with node-positive
breast cancer treated with adjuvant chemotherapy within
the framework of a large randomised trial. Given the
increasing prevalence of obesity worldwide, more research
on improving the treatment of obese breast cancer patients
is needed.
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