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Abstract

Purpose—Obesity, as measured by body mass index (BMI), is a risk factor for distant recurrence
and decreased survival in breast cancer. We sought to determine whether BMI correlated with
local recurrence and reduced survival in a cohort of predominantly obese women treated with
breast conservation therapy.

Methods and Materials—From 1998-2010, 154 women with early stage invasive breast cancer
and 39 patients with ductal carcinoma in situ (DCIS) underwent prone whole breast irradiation.
Cox proportional hazards regression, Kaplan-Meier methods with log-rank test, and multivariate
analysis were used to explore the association of outcomes with BMI.

Results—The median patient age was 60 years, and the median follow-up was 73 months. The
median BMI was 33.2 kg/m?; 91% of patients were overweight (BMI1=25 kg/m?) and 69% of
patients were clinically obese (BM1=30 kg/m?2). BMI was significantly associated with local-
regional recurrence-free interval for invasive and DCIS patients (hazard ratio 1.09, p=0.047), and
there was a trend for increased local-regional recurrence with higher BMI (p=0.09) for patients
with invasive disease, which was significant when examining BMI above and below the median
value of 33.2 (p=0.008). BMI was also significantly associated with decreased distant recurrence-
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free interval (DRFI; HR 1.09, p=0.011) and overall survival (OS; HR 1.09, p=0.004); this
association remained on multivariate analysis (DRFI, p=0.034; overall survival, p=0.0007).

Conclusions—These data suggest that BMI may impact the rate of local-regional recurrence in
breast cancer patients. Higher BMI predicted worse distant recurrence-free interval and overall
survival. This investigation adds to growing evidence that BMI is an important prognostic factor in
early stage breast cancer treated with breast conservation therapy.
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Introduction

The prevalence of obesity has risen dramatically in the United States over the past 25 years,
with over one-third of adult women in the United States estimated to be obese (1). Obesity is
a risk factor for the development of several malignancies, including breast cancer. The
association of obesity with breast cancer is best-established in post-menopausal women,
while the contribution of obesity to the development of pre-menopausal breast cancer is less
clear (2, 3). In addition, obesity, as measured by body mass index (BMI), has been
associated with worse breast cancer-specific survival, distant metastasis-free survival, and
overall survival in breast cancer patients (4-6). However, the role of BMI or obesity in
increasing the risk of local or regional breast cancer recurrence has not been well
established.

Several potential mechanisms have been proposed to underlie the association of obesity with
less favorable breast cancer outcomes. We hypothesized that the factors in obese patients
that promote breast cancer growth systemically could also affect local control. Systemic
therapies lead to improved local control of breast cancer (7), and thus less effective systemic
therapy in obese individuals could increase the risk of a local recurrence. For invasive breast
cancer, a deleterious effect on local control by additional obesity related factors could
contribute to the worse breast cancer-specific survival and/or distant metastasis-free survival
seen in this population, given that improved local control from radiotherapy has been shown
to increase breast cancer specific survival (7).

Here, we used a unique patient population to examine the association of BMI with local
control; all patients in our cohort underwent prone whole breast irradiation as part of breast
conservation therapy. The primary indication for prone breast irradiation at our institution is
large/pendulous breasts or larger body habitus (8, 9), and thus the majority of the patients in
our cohort were overweight and more than two-thirds were obese. We examined the
association of obesity with local-regional control and additional survival and breast cancer-
specific outcomes in a predominantly obese cohort of women that underwent breast
conservation therapy.
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Methods and Materials

This study was performed under the auspices of an institutional review board protocol
approved by the Medical College of Wisconsin. Investigators completed training in human
research and patient privacy. A retrospective chart review was performed of women with
early stage breast cancer who underwent post-lumpectomy whole breast irradiation in the
prone position between 1998 and 2010, using three-dimensional conformal radiation therapy
(3DCRT) under the guidance of Medical College of Wisconsin radiation oncologists, as
previously described (8). The primary indication for breast radiotherapy in the prone
position was large body habitus and/or large or pendulous breasts. Patients with invasive
breast cancer received breast conservation surgery and uniformly underwent axillary surgery
in the form of sentinel lymph node biopsy and/or axillary dissection. The details of 3DCRT
for the patients in the prone position were reported previously (8). Systemic therapy was
recommended when appropriate.

Clinicopathologic characteristics and outcomes were obtained from patient records. BMI at
diagnosis was obtained by calculating the patient weight in kilograms (kg) divided by the
height in meters squared (m2). The cohort consisted of patients with non-invasive ductal
carcinoma in situ (DCIS; N=39) and early-stage invasive breast cancer (N=154). Outcomes
for patients with invasive cancer were used in analyses of survival, as described below.
Patients with DCIS were analyzed with all other patients only to examine factors associated
with local-regional control.

The primary study endpoint was local-regional control probability among all patients; this
probability was also calculated separately for the invasive cohort. The secondary outcomes
were distant recurrence-free interval and overall survival. Prognostic factors that were
examined for association with local control and survival outcomes included hormone
positivity (estrogen receptor and progesterone receptor), BMI, Bloom-Richardson grade,
tumor size, nodal stage (NO versus N1), chemotherapy, age, and diabetes at diagnosis. Breast
cancer-specific outcomes were defined as described by Hudis et a/. (10). Local-regional
failure was defined as any recurrence in the ipsilateral breast or ipsilateral regional lymph
nodes. Survival was calculated starting from the time of definitive surgery.

Univariate Cox proportional hazards models were performed for each outcome, including
local-regional recurrence-free interval, distant recurrence-free survival, and overall survival.
For multivariate analyses, adjusted Cox proportional hazards models were performed for
local-regional recurrence-free interval, distant recurrence-free survival, and overall survival.
No adjusted Cox proportional hazards models were run for local-regional recurrence due to
low event rates. All multivariate models were run on data from invasive cancer patients only.
Survival rates were compared via Kaplan-Meier methods and the log-rank test with BMI as
a non-continuous variable; the cohorts were broken into subgroups with BMI above and
below the median value. Statistical analyses were performed using Graphpad Prism Version
6.0d, MedCalc Version 15 software, and SAS version 9.3. P<0.05 was considered
significant.
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Results

Characteristics of the patient population are summarized in Table 1. Patients with invasive
breast cancer (N=154) had a median age of 60 years, and a median invasive tumor size of 1.2
cm. Seventy-nine percent of patients with invasive cancer had estrogen receptor/
progesterone receptor-positive disease, and 17% had Her2/NEU-positive or -amplified
tumors. Seventy-five percent of patients initiated anti-endocrine treatment, and 41% of
patients received chemotherapy after surgery. Patients with DCIS (N=39) had a median age
of 57 years and a median DCIS size of 1.5 cm. The median follow-up for all patients was 73
months. The median BMI for the entire population was 33.0 kg/m? (range 19-61 kg/m?),
with a median BMI of 33.2 kg/m? for patients with invasive cancer and 32.0 kg/m? for
patients with DCIS. Ninety percent of all patients were overweight (BM1=25 kg/m?), more
than two-thirds were obese (BM1=30 kg/m?2), and more than one-third fulfilled the criteria
for World Health Organization class Il obesity (BMI=35 kg/m?, Table 1).

The 5-year local-regional control probability was 97.7% for all patients and 97.1% for
patients with invasive disease. Seven of 154 patients with invasive tumors had local-regional
recurrences (4.5%), five of the seven local-regional recurrences were local: four of these
were isolated local failures and one was identified at the same time as a distant recurrence.
The remaining two patients had a regional recurrence, one as an isolated site of failure and
one identified with a distant recurrence. In patients with DCIS, one patient experienced an
isolated local recurrence.

We examined predictors of local-regional recurrence in patients with invasive disease
(N=154) only and then for the entire patient population (N=193). Predictors of local-regional
recurrence were examined only using univariate analysis due to the low number of events
(seven and eight events for patients with invasive cancer only and the total population,
respectively). Patients with invasive breast cancer displayed a trend toward a higher risk of
local-regional recurrence when BMI increased as a continuous variable (p=0.0886, Table 2).
When patients were divided into those with BMI above and below the median of 33.2 kg/m?,
higher BMI was significantly associated with local-regional recurrence-free interval
(p=0.008, Fig. 1A). When the entire cohort was examined for factors predicting local-
regional recurrence-free survival, BMI was significant when examined as a continuous
variable (p=0.047, Table 2) and when the population was divided into subgroups with BMI
above and below the median value of 33 kg/m? (p=0.004, Fig. 1B).

Overall survival and distant recurrence-free interval were examined only in patients with
invasive breast cancers; the 5-year overall survival rate was 93.6% and the 5-year distant
recurrence-free interval was 94.3%. Univariate analysis of outcomes and potential risk
factors revealed that BMI, tumor size, and age were significantly associated with overall
survival in invasive breast cancer patients (Table 2), while BMI (hazard ratio 1.12,
p=0.0007) and age (hazard ratio 1.09, p=0.0015) remained significant on multivariate
analysis (Table 3). On univariate analysis, BMI, tumor grade, and tumor size were
significantly associated with distant recurrence-free interval (Table 4); these factors
remained significant on multivariate analysis (Table 4). When patients were stratified by
BMI, BMI greater than the median value was significantly associated with lower overall
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survival (p=0.049, Fig. 2A) and with shorter distant recurrence-free intervals (p=0.035, Fig.
2B).

Discussion

Obesity has been associated with worse breast cancer-specific survival, distant metastasis-
free survival, and overall survival in breast cancer patients (4, 5, 11). However, there is a
relative paucity of data linking obesity with local control. As improved local control can
optimize breast cancer survival (7), the role of BMI in local recurrence may have important
implications. In our cohort of predominantly overweight and obese patients with early-stage
breast cancer receiving breast conservation therapy, BMI >33.2 kg/m? was significantly
associated with local-regional recurrence (Fig. 1). In addition, we detected a trend toward a
significant association between BMI and local-regional recurrence when BMI was examined
as a continuous variable in patients with invasive disease, and this trend was significant
when all patients were examined (including those with DCIS) (Table 2). BMI also predicted
worse distant recurrence-free interval and overall survival (Tables 3 and 4, Fig. 2).

Interestingly, typical predictors of local-regional recurrence, such as stage and age, were not
related to breast cancer outcomes in univariate analysis (Table 2) in this study, likely
reflecting that most patients were relatively lower risk being predominantly early stage, node
negative, hormone sensitive, and with predominantly negative surgical margins and receipt
of appropriate systemic therapy. Thus, in this population of women with a very high median
BMI, BMI may be a relatively more important factor contributing to in-breast local-regional
recurrences. It should be noted that this is not meant to suggest that these patients are not
well-suited for breast conservation, as the overall local control and survival outcomes were
excellent, with a 5-year local-regional control probability was 97.7%, overall survival rate of
93.6% and a distant recurrence-free interval of 94.3% for patients with invasive cancer.

Several mechanisms have been proposed to explain the association of obesity with less
favorable breast cancer outcomes. We hypothesized that obesity-related factors that affect
the risk of distant breast cancer recurrences would also affect the local growth of breast
cancer cells. Increased adipose tissue may increase the levels of circulating estrogens,
insulin and insulin-like growth factors, and adipocytokines, which can promote cancer cell
growth (12-15). Obesity may also lead to increased oxidative stress and chronic low levels
of inflammation, which can promote tumor growth and lead to increased estrogen levels
(16-20), and some obese patients with invasive breast cancer may receive less systemic
therapy due to dose-capping practices or toxicities (21, 22). Obesity has been associated
with the development of breast cancer, especially the development of ER+ tumors in post-
menopausal women (23), which may be related to the relative increase in estrogen
production in the presence of increase adiposity (20). The patients in our study were
predominantly post-menopausal with ER+ tumors, and thus the effect of BMI on
recurrences, both local and distant, may reflect the effect of the relatively higher endogenous
estrogen levels in obese post-menopausal patients.

While the association of BMI with overall and breast cancer-specific survival has been
examined in numerous studies, the extent to which BMI affects local and regional control is
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not well-established. Few investigations have examined the association of obesity with local
and regional control in the context of modern technologies and modern systemic therapy.
Older studies of patients treated from 1940-1965 (24) and in the 1980s (25) reported that
higher body weight/BMI was associated with any breast cancer recurrence, as well as overall
survival (24, 25). It is not clear from these publications what proportion of recurrences
consisted of local-regional recurrences, and optimal systemic treatments would not have
been administered during these periods. A more recent study from Saudi Arabia that
examined local recurrence in 112 women with non-metastatic breast cancer in relation to
BMI does not offer any further corroboration. It found that patients with a BMI of 26-30
kg/m?2 had an increased likelihood of local-regional recurrence, but other ranges of BMI—
including higher BMI—had no effect on the likelihood of local-regional recurrence (26).
These patients underwent mastectomy with or without radiation (71%) or breast
conservation therapy as local treatment. In contrast, our patients received breast conservation
therapy as the only local treatment. The trends toward worse local-regional control with
increased BMI detected here (Table 2 and Fig. 1) suggest that additional studies in larger
cohorts are warranted.

Our patient population enabled us to examine the association between BMI and local-
regional recurrences, but it is not necessarily representative of all patients with early-stage
breast cancer receiving breast conservation therapy, as the median BMI and proportion of
overweight and obese patients was high. However, given that the prevalence of obesity in the
United States continues to rise, it is likely that over time the proportion of overweight and
obese patients receiving breast conservation therapy will also continue to increase. This
study is limited by being retrospective in nature, and thus there could be another selection
bias present that is influencing outcomes. However, the majority of patients were
recommended to have prone positioning because of their body habitus/ BMI and there were
very few patients over this time period unable to tolerate prone positioning, but other
unknown sources of selection bias could be present. It is anticipated that these hypothesis-
generating findings could in the future be examined in more detail using a propensity-
matched analysis among larger cohorts of patients with a wider range of BMls, and
ultimately in prospective clinical trials. Additional insight on the effect of BMI on local
cancer recurrence can be potentially gained from the Alliance A011401 “Randomized Phase
I11 Trial Evaluating the Role of Weight Loss In Adjuvant Treatment of Overweight and
Obese Women with Early Breast Cancer” that will examine the effects of weight loss on
survival outcomes and enrollment on this study for this population is recommended. Further
determining the mechanisms for potential worsened local control in obese individuals may
eventually lead to therapies to counteract the growth-promoting factors that worsen patient
outcomes.

Conclusion

Overall, this study examined the association of BMI with local-regional control in a
retrospective cohort of early-stage breast cancer patients receiving breast conservation
therapy. This study population was unique in that the median BMI was >33 kg/m?, and two-
thirds of patients were obese. BMI was associated with increased local-regional recurrence,
worse distant recurrence-free survival, and worse overall survival. However, obese patients
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still had very favorable outcomes. These findings are hypothesis-generating and warrant
study in larger cohorts.
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Summary

While obesity is associated with breast cancer outcomes such as breast cancer-specific
survival and overall survival, the association of obesity and local-regional control is not
well established. Data from this cohort of predominantly overweight, early stage breast
cancer patients receiving breast conservation surgery and whole breast irradiation suggest
that higher body mass index may increase the rate of local-regional recurrence.
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Bergom et al.

TABLE 2

Univariate analysis of local-regional recurrence-free interval.

Invasive Cancers

All Patients”

Parameter

Hazard Ratio (Range)

P-value

Hazard Ratio (Range)

P-value

ER-PR- vs. ER+/PR+ (invasive tumors)
Tumor subtype (DCIS vs. invasive)
Body Mass Index
Bloom-Richardson grade (invasive tumors)
Tumor size
N stage
Chemotherapy (yes/no)

Diabetes at diagnosis

Age

0.81 (0.04-4.87)
1.09 (0.98-1.19)
0.94 (0.35-2.58)
0.913 (0.33-1.79)
2.28 (0.33-10.59)
1.85 (0.41-9.38)
1.85 (0.10-10.85)
0.976 (0.919-1.039)

0.8500
0.0886
0.9094
0.8323
0.3250
0.4227
0.5712
0.4345

0.81 (0.04-4.79)
0.53 (0.03-3.10)
1.09 (1.00-1.19)
1.13 (0.57-2.34)
1.06 (0.50-1.82)
2.47 (0.36-10.73)
2.01 (0.48-8.52)
1.67 (0.90-9.46)
0.98 (0.92-1.04)

0.8482
0.5555
0.0474
0.7275
0.8694
0.2692
0.3230
0.6314
0.4877

*
Both invasive cancers and DCIS cases

Abbreviations: DCIS, ductal carcinoma in situ; ER/PR, estrogen receptor/progesterone receptor.
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TABLE 3

Univariate and multivariate analysis of overall survival of patients with invasive breast cancer.
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Univariate

Parameter Hazard Ratio (Range) P-value
ER-PR- vs. ER+/PR+ 2.75 (0.93-7.44) 0.0511
Body Mass Index 1.09 (1.03-1.16) 0.0039
Bloom-Richardson grade 1.78 (0.92-3.60) 0.0971
Tumor size 1.52 (1.03-2.10) 0.0193
Nodal stage 2.24 (0.7-6.18) 0.1350
Chemotherapy (yes/no) 1.11 (0.40-2.97) 0.8431
Diabetes at diagnosis 1.53 (0.24-5.48) 0.5751
Age 1.06 (1.01-1.10) 0.0101

Multivariate
Parameter Hazard Ratio (Range) P-value
Body Mass Index 1.12 (1.05-1.20) 0.0007
Tumor size 1.36 (0.89-1.93) 0.1150
Age 1.09 (1.03-1.15) 0.0015

Abbreviations: ER/PR, estrogen receptor/progesterone receptor.
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TABLE 4

Univariate and multivariate analysis of distant recurrence-free interval of patients with invasive breast cancer.

Univariate

Parameter Hazard Ratio (Range) P-value
ER-PR- vs. ER+/PR+ 2.53 (0.66-8.37) 0.1394
Body Mass Index 1.09 (1.02-1.17) 0.0113
Bloom-Richardson grade 3.08 (1.30-8.48) 0.0167
Tumor size 1.94 (1.35-2.67) 0.0001
N stage 3.04 (0.795-10.07) 0.0766
Chemotherapy (yes/no) 2.54 (0.77-9.71) 0.1363
Diabetes at diagnosis 0.00 (0.00-2.10) 0.9938
Age 1.01 (0.96-1.06) 0.7820

Multivariate
Parameter Hazard Ratio (Range) P-value
Body Mass Index 1.09 (1.00-1.19) 0.0341
Bloom-Richardson grade 2.63 (1.14-2.52) 0.0338
Tumor size 1.77 (1.18-2.52) 0.0024

Abbreviations: ER/PR, estrogen receptor/progesterone receptor.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 September 01.



	Abstract
	Introduction
	Methods and Materials
	Results
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

