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Abstract

Purpose Although controversial, obesity and underweight may have a negative impact on breast cancer outcome. However,
the relationship between body mass index (BMI) and breast cancer outcomes according to tumor subtype and menopausal
status remains unclear.

Methods This study investigated the association between BMI and breast cancer outcome in stage I-III breast cancer patients.
The relationships were further evaluated according to tumor subtype and menopausal status.

Results A total of 5919 patients, 3475 (58.7%) hormone receptor (HR)(+) human epidermal growth factor receptor 2
(HER2)(-), 608 (10.3%) HR(+)HER2(+), 621 (10.5%) HR(-)HER2(+), and 1079 (18.2%) HR(—-)HER2(-) were included.
Underweight and obesity had a negative impact on relapse-free survival but did not affect overall survival. Importantly,
the prognostic role of BMI was different according to tumor subtype and menopausal status. In HR(+)HER2(-) patients,
underweight was associated with poor relapse-free survival and overall survival in pre-menopausal women. In contrast,
obesity had negative impact on relapse-free survival and overall survival in HR(+)HER2(-) post-menopausal patients.
Underweight may have a negative prognostic role in HR(+)HER2(+) patients. However, BMI did not impact the outcome
of HR(-)HER2(+) and HR(-)HER2(-) patients.

Conclusions The impact of BMI on breast cancer outcome was dependent on tumor subtype and menopausal status. In
HR(+)HER2(-) patients, underweight and obesity had a negative prognostic role in pre-menopausal and post-menopausal
women, respectively. These findings in Asian population should be further evaluated and compared in Western population.
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which is probably due to nationwide cancer screening and
westernization of lifestyle [2, 3]. Although the precise
mechanisms are not well understood, obesity can increase
the risk of breast cancer development by increasing circu-
lating insulin, insulin-like growth factor (IGF), adipokines,
and local production of estrogen [4, 5]. The relationship
between obesity and breast cancer development is strong
in post-menopausal women, while the evidence is less
clear or protective in pre-menopausal women [4].

Many studies investigated the impact of body mass
index (BMI) on breast cancer outcome. The results are
inconsistent that some studies identified obesity as a nega-
tive prognostic factor [6, 7], while other studies revealed
underweight as a poor prognostic factor [8, 9]. The nega-
tive impact of underweight seems to be more prominent in
Asian population [8, 9]. In addition, there are controversial
results on the prognostic role of BMI according to tumor
subtype or menopausal status [10—13]. Heterogeneous
study population, menopausal status, and tumor subtype
may have affected such outcome.

This study was conducted in a homogeneous cohort of
patients with early-stage (I-III) breast cancer who were
treated with curative surgery followed by an adjuvant
chemotherapy. The primary purpose of this study was to
investigate the prognostic role of baseline BMI according
to tumor subtype and menopausal status.

Patients and methods
Study population

This single-institute retrospective study included 5919
pathologically proven breast cancer patients who received
curative surgery followed by an adjuvant chemotherapy at
Seoul National University Hospital (SNUH, Seoul, South
Korea) between January, 2000 and December, 2015. Pri-
mary treatments included radical mastectomy, modified
radical mastectomy, and breast-conserving surgery with
concomitant sentinel lymph node biopsy or axillary lymph
node dissection. Patients received adjuvant radiotherapy
and/or hormone in the discretion of treating physician. Eli-
gible patients were identified from the electronic database
of SNUH and medical charts were reviewed using the elec-
tronic medical record system of SNUH. The study proto-
col was reviewed and approved by the institutional review
board of SNUH [H-1709-052-883]. As this study was ret-
rospectively designed, informed consent was waived by
the IRB. This study was carried out in accordance with
the recommendations of the Declaration of Helsinki for
biomedical research involving human subjects.
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Measurement of baseline BMI

Body weight and height was measured on the day of admis-
sion for breast cancer surgery. Trained nurses measured
weight to the nearest 0.1 kg and height to the nearest 0.1 cm.
BMI was calculated by dividing weight in kilograms by the
square of height in meters (kg/m?). Patients were classified
according to BMI cut-offs proposed by World Health Organ-
ization (WHO) for Asian population [14]: underweight,
BMI < 18.5 kg/mz; normal weight, 18.5-22.9; overweight,
23-24.9; obese, >25.

Analysis of tumor subtype

Immunohistochemical (IHC) staining of estrogen recep-
tor (ER), progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2) was performed with
formalin-fixed, paraffin-embedded tissue acquired from
surgical specimen. HER2 FISH was performed in patients
with HER2 IHC grade 2. Nuclear expression of tumor cells
was interpreted as positive for ER and PR, while membrane
staining of tumor cells was considered positive for HER2.
ER and PR expression was categorized as positive when
> 1% of the tumor cells were stained [15]. Hormone recep-
tor (HR) was defined positive when either ER or PR was
expressed. HER?2 status was defined positive if HER2 THC
was grade 3 or grade 2 with FISH positive [16]. Patients
were categorized as ‘HR(+)HER2(-),” ‘HR(+)HER2(+),’
‘HR(-)HER2(+),” or ‘HR(-)HER2(-).’

Statistical analysis

The primary objective of this study was to investigate the
prognostic role of BMI on breast cancer outcome (relapse-
free survival and overall survival) according to tumor sub-
type and menopausal status. Relapse-free survival was
calculated from the date of operation to the first date of
documented relapse. Data from patients who were free of
relapse or who died in a cancer-free state were censored at
the date of the last follow-up visit for relapse-free survival.
Overall survival was defined as the time from the date of
operation to the date of death. Categorical variables were
compared with the Chi-square test, and continuous vari-
ables were compared with an independent-sample t test.
Relapse-free survival and overall survival were calculated
with the Kaplan—-Meier method, and comparisons were
made with log-rank tests. Hazard ratios (HR) of obesity or
underweight were calculated using the Cox proportional
hazard model. Baseline characteristics were adjusted by
using a forward stepwise model including covariates that
have a prognostic role: menopausal status (pre-menopausal
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vs. post-menopausal), tumor stage (I vs. II vs. III), and tumor
subtype. Two-sided p values of < 0.05 were considered sta-
tistically significant. Statistical analysis was performed with
SPSS software for Windows, version 21.0 (SPSS, Chicago,
IL, USA).

Results
Patient characteristics according to baseline BMI

A total of 5919 patients were included in the present study
(Fig. 1). Baseline characteristics are summarized in Table 1.
Based on the cut-offs proposed by WHO for Asians, 196
patients (3.3%) were underweight (BMI < 18.5 kg/m?), 2833
patients (47.9%) were normal weight (18.5-22.9 kg/mz),
1332 patients (22.5%) were overweight (23-24.9 kg/m?),
and 1558 patients (26.3%) were obese (>25 kg/mz). Tumor
stage was [ in 1678 (28.3%) patients, I in 3442 (58.2%),
and III in 776 (13.1%). According to the inclusion criteria,
all patient received adjuvant chemotherapy. Obese patients
had higher proportion of patients with age over 50, post-
menopausal state, and higher tumor stage. Post-operation
radiation therapy was less likely received in underweight
patients probably due to relatively lower tumor stage. HR
status and HER?2 status was similar regardless of baseline
BML

9198 Breast cancer patients who
started chemotherapy at Seoul
National University Hospital

Prognostic implication of baseline BMI

After a median follow-up duration of 71 months, 764 recur-
rent events and 210 deaths have occurred. Underweight
patients and obese patients had higher recurrence rate
compared to normal weight patients (Fig. 2a). The 10-year
relapse-free survival was 72.2% [95% confidence index
(CI) 62.4-82.0%] for underweight patients (p =0.005, vs.
normal weight), 78.2% (95% CI 75.3-81.1%) for obese
patients (p =0.008, vs. normal weight), and 82.0% (95%
CI 79.8-84.8%) for normal weight patients. In a multivari-
ate analysis using Cox proportional hazard model, under-
weight was an independent negative prognostic factor for
relapse-free survival. Underweight patients had significantly
higher risk of recurrence compared with normal and over-
weight group (adjusted HR for relapse-free survival, 1.72;
95% CI 1.22-2.43; p=0.002). In addition, obese patients
had a tendency of higher recurrence compared to normal
and overweight patients (adjusted HR for relapse-free sur-
vival, 1.16; 95% CI1 0.99-1.36; p=0.074). In the analysis of
overall survival, obese patients had poor survival compared
to normal weight patients. The 10-year overall survival of
obese patients was 90.5% (95% CI 88.0-93.0%) compared
to 94.4% (95% CI 93.0-95.8%) in normal weight patients
(»=0.002) (Fig. 2b). Underweight did not impact overall
survival. In the multivariate analysis, neither underweight
nor obese was a prognostic factor for overall survival.

l—

968 with Initial metastatic disease
2053 received neo-adjuvant chemotherapy

6177 patients who received
adjuvant chemotherapy

| —

5919 patients

85 who did not receive proper operation

55 without height or weight data

23 male breast cancer patients

2 with double primary tumor

1 who received neo-adjuvant hormone therapy
92 without sufficient data (tumor subtype,
menopause status, etc.)

Fig. 1 Patient selection
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Table 1 Baseline characteristics according to BMI

Total Under- Normal 18.5-22.9 kg/m? Overweight Obese >25 kg/m? p Value
weight < 18.5 kg/m? 23-24.9 kg/m?
N (%) N (%) N (%) N (%) N (%)
Total 5919 196 (3.3%) 2833 (47.9%) 1332 (22.5%) 1558 (26.3%)
Age
<50 years 3472 (58.7%) 164 (83.7%) 1940 (68.5%) 707 (53.1%) 661 (42.4%) <0.001
>50 years 2447 (41.3%) 32 (16.3%) 893 (31.5%) 625 (46.9%) 897 (57.6%)
Menopause status
Pre-menopause 3369 (56.9%) 157 (80.1%) 1872 (66.1%) 696 (52.3%) 644 (41.3%) <0.001
Post-menopause 2460 (41.6%) 38 (19.4%) 924 (32.6%) 605 (45.4%) 893 (57.3%)
Unknown 90 (1.5%) 1(0.5%) 37 (1.3%) 31 (2.4%) 21 (1.4%)
Stage
I 1678 (28.3%) 77 (39.3%) 904 (31.9%) 362 (27.2%) 335 (21.5%) <0.001
I 3442 (58.2%) 99 (50.5%) 1587 (56.0%) 785 (58.9%) 971 (62.3%)
I 776 (13.1%) 20 (10.2%) 334 (11.8%) 178 (13.4%) 244 (15.7%)
Unknown 23 (0.4%) 0 (0.0%) 8(0.3%) 7 (0.5%) 8(0.5%)
Estrogen receptor
Negative 1969 (33.3%) 68 (34.7%) 901 (31.8%) 452 (33.9%) 548 (35.2%) 0.13
Positive 3943 (66.6%) 128 (65.3%) 1927 (68.0%) 880 (66.1%) 1008 (64.7%)
Unknown 7 (0.1%) 0 (0.0%) 5(0.2%) 0 (0.0%) 2 (0.1%)
Progesterone receptor
Negative 2716 (45.9%) 93 (47.4%) 1238 (43.7%) 639 (48.0%) 746 (47.9%) 0.017
Positive 3194 (54.0%) 103 (52.6%) 1589 (56.1%) 693 (52.0%) 809 (51.9%)
Unknown 9(0.2%) 0 (0.0%) 6 (0.2%) 0(0.0%) 3(0.2%)
Hormone receptor
Negative 1738 (29.4%) 60 (30.6%) 792 (28.0%) 390 (29.3%) 496 (31.8%) 0.059
Positive 4172 (705%) 136 (69.4%) 2035 (71.8%) 942 (70.7%) 1059 (68.0%)
Unknown 9 (0.2%) 0 (0.0%) 6 (0.2%) 0 (0.0%) 3(0.2%)
HER?2 status
Negative 4556 (77.0%) 149 (76.0%) 2179 (76.9%) 1012 (76.0%) 1216 (78.0%) 0.54
Positive 1229 (20.8%) 44 (22.4%) 588 (20.8%) 290 (21.8%) 307 (19.7%)
Unknown 134 (2.3%) 3 (1.5%) 66 (2.3%) 30 (2.3%) 35 (2.2%)
Adjuvant hormone therapy
Received 4073 (68.8%) 133 (67.9%) 1992 (70.3%) 913 (68.5%) 1035 (66.4%) 0.065
Not received 1846 (31.2%) 63 (32.1%) 841 (29.7%) 419 (31.5%) 523 (33.6%)
Post-operation radiation therapy
Received 3975 (67.2%) 111 (56.6%) 1894 (66.9%) 910 (68.3%) 1060 (68.0%) 0.010
Not received 1944 (32.8%) 85 (43.4%) 939 (33.1%) 422 (31.7%) 498 (32.0%)
Subtype
HR + HER2— 3475 (58.7%) 113 (57.7%) 1677 (59.2%) 793 (59.5%) 892 (57.3%) 0.023
HR + HER2+ 608 (10.3%) 21 (10.7%) 315 (11.1%) 127 (9.5%) 145 (9.3%)
HR - HER2+ 621 (10.5%) 23 (11.7%) 273 (9.6%) 163 (12.2%) 162 (10.4%)
HR - HER2— 1079 (18.2%) 36 (18.4%) 501 (17.7%) 219 (16.4%) 323 (20.7%)
Unknown-— 136 (2.3%) 3(1.5%) 67 (2.4%) 30 (2.3%) 36 (2.3%)
Prognostic implication of baseline BMI according menopausal status. In HR(+)HER2(-) patients, under-
to tumor subtype and menopausal status weight and obese patients had poor survival outcome
(Supplement Fig. 1). In the multivariate analysis, under-
We next evaluated whether the prognostic role of base-  weight was associated with poor relapse-free survival

line BMI is different according to tumor subtype and  (adjusted HR versus normal and overweight, 1.80; 95%
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Fig.2 Relapse-free survival (a) and overall survival (b) according to baseline BMI

CI1.11-2.91; p=0.017) and overall survival (adjusted HR
versus normal and overweight, 2.77; 95% CI 1.09-7.04;
p=0.032). Although obesity did not impact relapse-
free survival, it had a tendency of poor overall survival
(adjusted HR versus normal and overweight, 1.55; 95%
CI10.98-2.47; p=0.063).

In HR(+)HER2(+) patients, underweight was associ-
ated with higher recurrence (10-year relapse-free survival
of 46.6% vs. 84.6%, p<0.001) (Supplement Fig. 1c) but
did not impact overall survival (Supplement Fig. 1d). Mul-
tivariate analysis revealed underweight as an independent
negative prognostic factor for relapse-free survival in HR(+)
HER2(+) patients (adjusted HR vs. non-underweight, 4.54;
95% C12.05-10.03; p <0.001). Obesity did not impact out-
come of HR(+)HER2 patients. In addition, neither under-
weight nor obese affected survival in hormone receptor
negative [HR(-)HER2(+) or HR(-)HER2(-)] patients.

The impact of BMI on breast cancer outcome was also
affected by menopausal status. In pre-menopausal patients,
underweight was associated with higher recurrence but did
not impact overall survival (Supplement Fig. 2a, b). Mul-
tivariate analysis revealed underweight as an independent
negative prognostic factor for relapse-free survival in pre-
menopausal patients (adjusted HR versus non-underweight,
1.92; 95% CI 1.33-2.78; p<0.001). In post-menopausal
patients, obesity was associated with poor relapse-free sur-
vival (10-year relapse-free survival of 73.5% vs. 80.6% in
normal weight, p=0.010) (Supplement Fig. 2¢) and over-
all survival (10-year overall survival of 87.3% vs. 93.2%
in normal weight, p=0.026) (Supplement Fig. 2d). In the
multivariate analysis, obesity was an independent negative
prognostic factor for relapse-free survival (adjusted HR

versus non-obese, 1.35; 95% CI 1.08-1.69; p=0.009) but
not for overall survival.

Prognostic implication of baseline BMI
incorporating tumor subtype and menopausal
status

To comprehensively analyze the prognostic role of baseline
BMI, we performed subgroup analysis incorporating tumor
subtype and menopausal status. In HR(+)HER2(-) patients,
prognostic role of baseline BMI was different according to
menopausal status (Fig. 3). Underweight was associated
with negative outcome in HR(+)HER2(-) pre-menopausal
women (Fig. 3a, b). Multivariate analysis revealed under-
weight as an independent negative prognostic factor for
relapse-free survival (adjusted HR versus non-underweight,
1.90; 95% CI 1.16-3.12; p=0.011) and overall survival
(adjusted HR for overall survival versus non-underweight,
2.99; 95% CI 1.17-7.63; p=0.022) in pre-menopausal
HR(+)HER2(-) patients. By contrast, obesity was a nega-
tive prognostic factor in HR(+)HER2(-) post-menopausal
women (Fig. 3¢, d). Obesity was an independent negative
prognostic factor for relapse-free survival (adjusted HR vs.
non-obese, 1.53; 95% CI 1.10-2.12; p=0.012) and over-
all survival (adjusted HR versus non-obese, 2.09; 95% CI
1.10 - 3.97; p=0.024) in post-menopausal HR(+)HER2(-)
patients.

In HR(+)HER2(+) patients, underweight was associ-
ated with higher recurrence regardless of menopausal
status (Supplement Fig. 3a, c). However, these data need
to be interpreted carefully as only 16 patients were under-
weighted in pre-menopausal group and five patients were
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Fig.3 Prognostic role of BMI in HR(4+-)HER?2(-) patients stratified by menopause status. (a pre-menopausal, relapse-free survival; b pre-meno-
pausal, overall survival; ¢ post-menopausal, relapse-free survival; d post-menopausal, overall survival)

underweighted in post-menopausal group. Moreover, under-
weight did not impact overall survival in pre-menopausal or
post-menopausal women with HR(+)HER2(+) (Supplement
Fig. 3b, d).

In patients with HR(-)HER2(+) or HR(-)HER2(-), BMI
did not impact relapse-free survival or overall survival in
pre-menopausal patients nor post-menopausal patients.

Discussion

As body fat affects estrogen production, the effect of BMI
on breast cancer outcome may be different among meno-
pausal status and tumor subtype. This study evaluated the
prognostic role of baseline BMI in homogeneous cohort of
breast cancer patients treated with curative surgery followed
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by an adjuvant chemotherapy. We revealed that the impact
of BMI is different according to tumor subtype and meno-
pausal status.

In the present study, underweight was an independent
negative prognostic factor for relapse-free survival and
obese patients had a tendency of poor relapse-free survival.
However, underweight and obesity was not associated with
overall survival. Important finding of the present study is
that the impact of BMI on breast cancer outcome is different
according to menopausal status and tumor subtype. In pre-
menopausal women, underweight had a negative impact on
relapse-free survival while obesity did not impact breast can-
cer outcome. By contrast, in post-menopausal women, obe-
sity was a negative prognostic factor for relapse-free survival
but underweight did not impact outcome. The prognostic
role of baseline BMI was not only affected by menopausal
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status but also by tumor subtype. Neither underweight nor
obese affected outcome in hormone receptor negative breast
cancer patients [HR(-)HER2(+) or HR(-)HER2(-)]. How-
ever, in HR(+)HER2(-) patients, underweight had a nega-
tive impact on outcome (both relapse-free survival and over-
all survival) and obesity tended to have a negative impact on
overall survival. In HR(+)HER2(+) patients, underweight
patients had a tendency of poor relapse-free survival.

As the impact of BMI on breast cancer outcome was
dependent on menopausal status and tumor subtype, we
next incorporated menopausal status and tumor subtype to
evaluate the prognostic role of BMI on breast cancer out-
come. In HR(+)HER2(-) patients, the impact of BMI was
different according to menopausal status. Underweight was
associated with poor outcome (both relapse-free survival
and overall survival) in pre-menopausal women with HR(+)
HER2(-) tumor. In contrast, obesity had a negative impact
(both relapse-free survival and overall survival) in post-
menopausal women with HR(+)HER2(-) tumor.

This study revealed that the prognostic role of BMI was
dependent on tumor subtype and menopausal status. The
negative impact of obesity in hormone-positive breast can-
cer was previously reported [12]. From the study results of
three adjuvant trials coordinated by the Eastern Coopera-
tive Oncology Group (ECOG), obesity was associated with
inferior outcomes in HR(+)HER2(-) patients but not in
HERZ2(+) or triple-negative patients [12]. However, the study
did not evaluate the impact of underweight nor performed
subgroup analysis according to menopausal status. In a sin-
gle-center study performed in Japan, high BMI (>25.8 kg/
m?) and low BMI (<21.2 kg/mz) was associated with poor
survival in 410 hormone-positive breast cancer patients [9].
Increased estrogen exposure is a risk factor of developing
hormone-positive breast cancer [17, 18]. The correlation
between obesity and breast cancer development is complex
that obesity may have detrimental effect in post-menopau-
sal women but may have protective role in pre-menopausal
women [4]. Likewise, in the present study, obesity was asso-
ciated with poor survival in post-menopausal women with
HR(+)HER2(-) tumor while underweight was associated
with poor survival in pre-menopausal women with HR(+)
HER2(-) tumor. As obesity elevates circulating insulin, IGF,
adipokines level, and local synthesis of estrogen, increased
estrogen production by adipose tissue in post-menopausal
state may have affected negative prognostic role of obesity
[4, 5, 13, 19]. Although alteration of immune system by
undernutrition and protective role of mammary adipocytes
has been proposed, it is not known why underweight affects
breast cancer outcome [8, 20]. There may be an ethnic differ-
ence as two studies which showed negative prognostic role
of underweight were performed in Asian population [8, 9].
However, our results show that underweight is associated
with poor outcome only in HR(+)HER2(-) pre-menopausal

women. The higher proportion of pre-menopausal women in
Asian breast cancer patients may have affected such findings
in previous reports [21, 22].

There are several limitations in this study. First, the study
was conducted in a single institution at South Korea; thus all
patients in this cohort were Asian so we used BMI cut-offs
proposed by WHO for Asian population [14]. Asians tend to
have higher total and central adiposity for a given BMI com-
pared to Western populations [23]. Validation of our results
in Western population is warranted. Second limitation is
that we did not perform multiple hypothesis comparison.
As body fat affects hormonal status, we hypothesized that
the effect of BMI may be different among menopausal status
and tumor subtype. We did not perform multiple hypothesis
comparison as the standard treatments and prognosis is dif-
ferent according to each breast cancer subtype. Including all
subtype as a single disease will rather cause a mixed effect.
However, careful interpretation is needed. Lastly, we did not
have data on other parameters that could reflect body habitus
(such as waist circumference, fat distribution, diet, physical
activity, and smoking) as the study was designed retrospec-
tively and was analyzed using an established cohort. Like-
wise, only three covariates were included in the multivari-
ate analysis. Comprehensive analysis on the impact of BMI
and lifestyle factors on breast cancer outcome is needed.
In addition, the effect of body weight and nutrition modi-
fication on breast cancer outcome needs to be evaluated.
In Women’s Intervention Nutrition Study (WINS) trial, a
lifestyle intervention reducing dietary fat intake and body
weight was associated with improved relapse-free survival
in breast cancer patients [24]. However, adoption of a diet
high in vegetables, fruit, and fiber and low in fat did not
reduce breast cancer outcome in Women’s Healthy Eating
and Living (WHEL) Randomized Trial [25]. Incorporation
of menopausal status and tumor subtype may be important
in studies identifying the role of life style or body weight
modification.

Conclusion

We have revealed that underweight and obesity is associ-
ated with poor relapse-free survival in breast cancer patients
treated with surgery followed by an adjuvant chemotherapy.
In addition, the effect of BMI on breast cancer survival was
different according to menopausal status and tumor sub-
type. Underweight was associated with poor survival in
pre-menopausal women with HR(+)HER2(-) breast cancer.
In contrast, obesity had a negative impact in post-menopau-
sal women with HR(+)HER2(-) breast cancer. In HR(+)
HER2(+) patients, underweight may have a negative impact
on relapse-free survival. Lastly, BMI did not impact the
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outcome of HR(-) tumors. Patients at risk might be advised
to modify their weight accordingly.
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