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Purpose: A center-specific 21-gene recurrence score (RS) assay has been validated in
Luminal-like, HER2-, pN0-1 Chinese breast cancer patients with both predictive and
prognostic value. The association between RS and host factors such as obesity remains
unclear. The objectives of the current study are to comprehensively analyze the
distribution, single gene expression, and prognostic value of RS among non-
overweight, overweight and obese patients.

Patients and methods: Luminal-like patients between January 2009 and December
2018 were retrospectively reviewed. Association and subgroup analysis between BMI and
RS were conducted. Single-gene expression in RS panel was compared according to
BMI status. Disease-free survival (DFS) and overall survival (OS) were calculated according
to risk category and BMI status.

Results: Among 1876 patients included, 124 (6.6%), 896 (47.8%) and 856 (45.6%) had
RS < 11, RS 11-25, and RS ≥ 26, respectively. Risk category was significantly differently
distributed by BMI status (P=0.033). Obese patients were more likely to have RS < 11 (OR
2.45, 95% CI 1.38-4.35, P=0.002) compared with non-overweight patients. The effect of
BMI on RS significantly varied according to menstruation (P<0.05). Compared to non-
overweight patients, obese ones presented significantly higher ER, PR, CEGP1, Ki67,
CCNB1 and GSTM1 (all P<0.05) mRNA expression, and such difference was mainly
observed in postmenopausal population. After a median follow-up of 39.40 months (range
1.67-119.53), RS could significantly predict DFS in whole population (P=0.001). RS was
associated with DFS in non-overweight (P=0.046), but not in overweight (P=0.558) or
obese (P=0.114) population.

Conclusions: RS was differently distributed among different BMI status, which interacted
with menopausal status. Estrogen receptor and proliferation group genes were more
expressed in obese patients, especially in postmenopausal population.
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INTRODUCTION

Breast cancer is the most frequent malignancy reported in
women worldwide (1). About 70% of breast cancer patients are
of Luminal-like, human epidermal growth factor 2 (HER2)-
negative subtype, which is characterized by the expression of
hormone receptor (HR), and the absence of HER2 amplification
(2). Over the past decade, in addition to traditional tumor
anatomic, biologic features, genetic factors have been
integrated to guide treatment decisions as well as predict
disease outcomes in these patients. The Oncotype Dx is the
most common multigene panel to predict chemotherapy benefit
and prognosis for HR-positive, HER2-negative, node-negative
patients, based on the findings of the prospective TAILORx trial
(3, 4). In order to facilitate the application of genetic panel in the
management of Chinese breast cancer patients, a center-specific
21-gene recurrence score (RS) panel was developed based on
quantitative reverse transcription-polymerase chain reaction
(RT-PCR) technique. Our RS panel has previously been
validated in both node-negative (5) and node-positive (6)
patients with two large cohorts of Chinese patients. Increased
RS was associated with poor differentiation, PR-negative or high-
proliferation characteristics in Chinese early breast cancer
patients, as indicated in our former work (5), which was
comparable to the findings for Oncotype Dx in NSABP B-14
study population (4). In addition, our RS panel showed similar
prognostic value in node-negative and positive diseases (6). With
the help of RS testing, selective low RS patients can be spared
from adjuvant chemotherapy, while chemotherapy is
recommended for high RS patients.

Apart from tumor-intrinsic factors, the microenvironment in
which tumors arise and progress substantially varies between
individuals, calling for the necessity to identify host determinants
for tumor behaviors (7). Obesity is a well-established risk factor for
multiple cancers including breast cancer (7, 8). The evidence for the
effect of obesity on breast cancer is generally based on studies using
body mass index (BMI) as an alternative for total adiposity (9). The
effect of obesity and overweight on breast cancer incidence differs
before and after menopause (8). Several large meta‐analyses have
showed an inverse association between obesity and breast cancer
risk in premenopausal population, with breast cancer risk being
reduced by 8% per 5 kg/m2 BMI increase (8–11). On the other
hand, for postmenopausal women, obesity is positively associated
with both increased overall and increased HR-positive breast cancer
risk (8, 10). With regards to clinical outcomes, obesity is related to
higher risk of disease recurrence and mortality for both
premenopausal and postmenopausal breast cancer, with every 5
kg/m2 increase in BMI augmenting the risk of breast cancer-specific
death by 18% (8).

However, how obesity or overweight interacts with patient
genetic profiles remains uncertain for breast cancer patients. In a
retrospective study including 534 women with HR-positive,
HER2-negative disease, Muniz et al. found that neither
metabolic syndrome, nor any individual criterion including
central obesity, had significant association with 21-gene RS
group after stratification by menstrual status (12). It is also
unclear whether RS can accurately predict disease outcomes in
Frontiers in Oncology | www.frontiersin.org 2
patients with different BMI status. One retrospective study
involving 940 HR-positive breast cancer patients from the
transATAC trial showed that Oncotype Dx had the highest
prognostic effect in patients with BMI ≤ 25 kg/m2, but
decreasing effect size with increasing BMI (13). Evidence is still
limited with regards to the relationship between genetic risk
score and host BMI status in Luminal-like patients.

Therefore, in the current study, we aim to analyze the
distribution of RS category and gene expression level among
non-overweight, overweight and obese Chinese patients, to
identify potential impact factors for the association of RS and
BMI in HR-positive, HER2-negative breast cancer patients, and
to explore the prognostic value of RS in Chinese patients with
different BMI status.
MATERIALS AND METHODS

Study Population
Consecutive breast cancer patients receiving surgery in
Comprehensive Breast Health Center, Ruijin Hospital,
Shanghai Jiao Tong University School of Medicine, Shanghai,
China, between January 2009 to December 2018 were
retrospectively reviewed. The inclusion criteria were as listed
below: 1) female gender; 2) invasive breast cancer; 3) HR-
positive, HER2-negative disease; 4) available 21-gene RS result
with cycle threshold (CT) values for each gene. Exclusion criteria
were as follows: 1) patients receiving preoperative systemic
treatment; 2) de novo stage IV disease. The current study was
reviewed and approved by the independent Ethical Committees
of Ruijin Hospital, Shanghai Jiao Tong University School of
Medicine. Written informed consent was obtained from each
participant. All procedures were in accordance with the ethical
standards of national research committee and with the 1964
Helsinki declaration and its later amendments.

Data Collection
Patient clinical information was retrieved from Shanghai Jiao
Tong University Breast Cancer Database (SJTU-BCDB). Patients
aged no less than 60 years, <60 years and amenorrheic for ≥ 36
months, or with prior bilateral oophorectomy were considered
postmenopausal. Patient’s height and weight were measured on
the day of hospital admission for surgical treatment and BMI was
calculated by dividing weight (kg) by the square of height (m2).
Patients were then classified into non-overweight (BMI <24.0 kg/
m2), overweight (BMI ≥ 24.0 and <28.0 kg/m2) and obese (BMI ≥
28.0 kg/m2) subgroups, according to the recommended cutoffs
for Chinese population from the Guidelines for Prevention and
Control of Overweight and Obesity in Chinese Adults (Ministry
of Health of the People’s Republic of China, People’s Medical
Publishing House, 2006) (14, 15).

The histo-pathologic evaluation of the tumor was
accomplished in the Department of Pathology, Ruijin Hospital
by at least two independent, experienced pathologists (C Wang,
X Fei, X Jin and J Xie). The American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP)
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guidelines were adopted for the immunohistochemistry (IHC)
assessment of estrogen receptor (ER), progesterone receptor
(PR), HER2 and Ki-67, as described in our previous studies (5,
6). HR positive was defined as no less than 1% invasive tumor
cells with positive nuclear staining (16). The cut-off point for ER
high and low expression was set at 50% (17, 18). HER2 negative
was defined as IHC 0 or 1+, and IHC 2+ with fluorescence in situ
hybridization negative (19). According to the 2013 St. Gallen
Consensus, tumors were classified into two molecular subtypes,
which were Luminal A-like (ER+/PR≥20%/Ki-67<14%), and
Luminal B-like (ER-/PR+/any Ki-67, or ER+/PR<20%/any Ki-
67, or HR+/Ki-67≥14%) (18).

Patient follow-up was accomplished by specialized breast
cancer nurses in our center. Clinical outcomes were analyzed
according to the STEEP system (20). Disease-free survival (DFS)
was calculated from the date of surgery to the recurrence of
tumor including ipsilateral, local/regional or distant recurrence,
second non-breast malignancy, and death attributable to any
cause. Overall survival (OS) was calculated from the date of
surgery till death of any cause. Last follow-up was completed by
February 2020.

21-Gene Recurrence Score Evaluation
The 21-gene assay testing was conducted in the Department of
Clinical Laboratory, Ruijin Hospital by Lin L, Lin J and Meng J,
as described in our previous work (5, 6). RNA extraction and
reverse transcription were performed with RNeasy FFPE RNA
kit (Qiagen, 73504, Germany) and Omniscript RT kit (Qiagen,
205111, Germany), respectively. Quantitative RT-PCR was
accomplished in Applied Biosystems 7500 Real-Time PCR
System (Foster City, CA) using Premix Ex TaqTM (TaKaRa
Bio, RR390A). CT value, defined as the number of cycles required
for the fluorescent signal to cross a certain threshold, was verified
in triplicate, and then normalized to reference genes b-actin,
GAPDH,GUS, RPLPO and TFRC. The relative expression level of
each target gene, in form of -DCT value, was defined as CT reference -
CT gene. The 21-gene RS was calculated from the reference gene-
normalized formula, then applied to classify patients into low risk
(RS ≤ 11), intermediate risk (RS 11-25), and high risk (RS ≥ 25)
groups. For those with multifocal diseases, the highest RS
was recorded.
Statistical Analysis
Chi-square test and multivariate logistic regression were applied
to compare the distribution of categorical variables by BMI status
in the study population. T-test was adopted to compare the
distribution of RS by BMI intervals. Subgroup analysis of
interacting factors with BMI and 21-gene RS was accomplished
using stratified Mantel-Haenszel test to estimate odds ratio (OR)
with 95% confidence interval (CI). The comparison of gene
expression in 21-gene RS panel by BMI status was
demonstrated in terms of violin plots. Univariate survival
analyses were conducted using Kaplan–Meier curves. Data
analysis and image production were performed using IBM
SPSS statistics software version 23 (SPSS, Inc., Chicago, IL)
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and GraphPad Prism version 8.0 (GraphPad Software, CA,
USA) . Two- s ided P va lue <0 . 05 was cons ide r ed
statistically significant.
RESULTS

Baseline Characteristics Stratified by Body
Mass Index Status
Overall, 1876 Luminal-like breast cancer patients were enrolled
in the current study (Supplementary Figure S1). The baseline
clinical pathological characteristics of the participants were
presented in Table 1. The average age was 57 ± 12.50 (range
24-92) years. All but four patients had ER-positive disease,
among whom 98 had ER ≤ 50%. PR staining was positive in
88.2% of the population. Luminal A-like and Luminal B-like
subtypes were found in 32.0% and 68.0% cases.

Among patients included, 1139 (60.7%) patients were non-
overweight, including 84 underweight (BMI ≤ 18.5 kg/m2),
while 551 (29.4%) were overweight, and 186 (9.9%) obese.
Univariate analysis (Table 1) and multivariate analysis
(Table 2) demonstrated that the overall distribution of age
(P=0.005), grade (P=0.030), tumor size (P=0.009), and PR
status (P=0.041) were significantly distinguishable among
three BMI subgroups. Compared to non-overweight patients,
overweight ones were less likely to be young (≤50 vs >65:
OR 0.43, 95% CI 0.26-0.74, P<0.001), to have low tumor grade
(I vs III: OR 0.48, 95% CI 0.30-0.78, P=0.003), smaller tumor size
(≤2.0 vs >2.0: OR 0.68, 95% CI 0.54-0.87, P=0.002), and negative
PR status (OR 0.68, 95% CI 0.47-0.98, P=0.037). Meantime,
obese patients were less likely to be <50 years (vs >65: OR
0.33, 95% CI 0.14-0.76, P=0.009), while tumor grade, size
and PR status were similarly distributed compared to non-
overweight ones.

Association Between 21-Gene Recurrence
Score and Body Mass Index Status
Among the included population, 124 (6.6%), 896 (47.8%) and
856 (45.6%) were classified into low, intermediate and high risk
groups, with an average 21-gene RS of 25.77 (95% CI 25.20-
26.33; Table 1). As shown in Figure 1, RS distribution was
significantly different in patients with various BMI status
(P=0.006), with an average RS of 28.48 ± 11.91 in underweight,
26.05 ± 11.74 in non-overweight, 25.15 ± 11.59 in overweight,
and 23.17 ± 12.26 in obese population. After adjusting for
clinico-pathologic confounders, multivariate analysis
demonstrated that RS category was independently significantly
associated with BMI status (P=0.033, Table 2). Obese patients
were more likely to have an RS ≤ 11 (OR 2.45, 95% CI 1.38-4.35,
P=0.002) compared with non-overweight patients.

Further subgroup analysis was conducted comparing the odds
of having higher RS (RS ≥ 26) between different BMI status,
which identified menstruation status as the only interacting
factor on the association of BMI and 21-gene RS (Figure 2).
In detail, overweight patients were significantly less likely to have
March 2021 | Volume 11 | Article 619840
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RS ≥ 26 compared to those non-overweight after menopause
(OR 0.64, 95% CI 0.51-0.80, P<0.001), while such difference no
longer held in premenopausal population (OR 1.25, 95% CI 0.88-
1.77, P=0.216; P for interaction=0.002; Figure 2A). Alternatively,
obese patients had lower odds for high risk RS than non-obese
ones, but the significance was only observed in postmenopausal
subgroup (OR 0.49, 95% CI 0.34-0.70, P<0.001), not in
premenopausal women (OR 1.38, 95% CI 0.69-2.75, P=0.366; P
for interaction=0.009; Figure 2B). In addition, average RS
score decreased with increasing BMI in postmenopausal
patients (P=0.020, Figure 1), but not in premenopausal
patients (P=0.843).
Frontiers in Oncology | www.frontiersin.org 4
Single Gene Expression in 21-Gene
Recurrence Score Panel by Body Mass
Index Status
Supplementary Table S1 summarized the gene expression and
gene group score in the 21-gene RS panel of the study
population. Single gene expression was further compared
according to BMI status. Compared to normal weight patients,
obese patients presented significantly higher ER group score
(P=0.002), with higher ER (P<0.001; Figure 3), higher PR
(P=0.004), higher CEGP1 (P<0.001) expression, and tended to
have higher proliferation group score (P=0.060), with higher
Ki67 (P=0.006), and higher CCNB1 (P=0.020). In addition,
TABLE 1 | Baseline characteristics of study participants (N = 1,876).

Characteristics Total Non-overweight Overweight Obese P value
N = 1,876 N = 1,139 (%) N = 551 (%) N = 186 (%)

Age, years <0.001
<50 573 436 (38.3) 110 (20.0) 27 (14.5)
50-65 812 451 (39.6) 271 (49/2) 90 (48.4)
>65 491 252 (22.1) 170 (30.9) 69 (37.1)

Menopausal status <0.001
Premenopausal 654 482 (42.3) 138 (25.0) 34 (18.3)
Postmenopausal 1222 657 (57.7) 413 (75.0) 152 (81.7)

Breast surgery 0.470
BCS 827 515 (45.2) 233 (42.3) 79 (42.5)
Mastectomy 1049 624 (54.8) 318 (57.7) 107 (57.5)

ALN surgery 0.027
SLNB 879 562 (49.3) 237 (43.0) 80 (43.0)
ALND 997 577 (50.7) 314 (57.0) 106 (57.0)

Histology 0.434
IDC 1616 977 (85.8) 473 (85.8) 166 (89.2)
Non-IDC 260 162 (14.2) 78 (14.2) 20 (10.8)

Tumor grade 0.014
I 175 123 (10.8) 31 (5.6) 21 (11.3)
II 1122 667 (58.6) 339 (61.5) 116 (62.4)
III 369 215 (18.9) 120 (21.8) 34 (18.3)
NA 210 134 (11.8) 61 (11.1) 15 (8.1)

Tumor size, cm <0.001
≤2.0 1303 831 (73.0) 345 (62.6) 130 (69.9)
>2.0 570 308 (27.0) 206 (37.4) 56 (30.1)

ALN 0.030
Negative 1563 968 (85.0) 440 (79.9) 155 (83.3)
Positive 313 171 (15.0) 111 (20.1) 31 (16.7)

ER, % 0.078
≥50 1778 1069 (93.9) 531 (96.4) 178 (95.7)
<50 98 70 (6.1) 20 (3.6) 8 (4.3)

PR status 0.026
Negative 222 152 (13.3) 56 (10.2) 14 (7.5)
Positive 1654 987 (86.7) 495 (89.8) 172 (92.5)

Ki-67, % 0.346
<14 886 549 (48.2) 246 (44.6) 91 (48.9)
≥14 990 590 (51.8) 305 (55.4) 95 (51.1)

Molecular subtype 0.204
Luminal A-like 601 362 (31.8) 169 (30.7) 70 (37.6)
Luminal B-like 1275 777 (68.2) 382 (69.3) 116 (62.4)

21-gene RSa 0.002
Low risk 124 67 (5.9) 34 (6.2) 23 (12.4)
Intermediate risk 896 529 (46.4) 270 (49.0) 97 (52.2)
High risk 856 543 (47.7) 247 (44.8) 66 (35.5)
Mar
ch 2021 | Volume 11 | Article
aThe cut-off for RS category was <11, 11–25, >25.
BCS, breast conserving surgery; ALN, axillary lymph node; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; IDC, invasive ductal carcinoma; NA, not available; ER,
estrogen receptor; PR, progesterone receptor; RS, recurrence score.
Bold values mean statistically significant.
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GSTM1 was significantly elevated in the obese group (P=0.001).
On the other hand, overweight patients had generally similar
gene expression compared to non-overweight ones, except for
significantly higher ER (P<0.001). The HER2 group score
(P=0.467) and invasion group score (P=0.210) were
comparable among BMI groups.

When stratified by menstrual status, no significant difference
in single gene expression among different BMI subgroups was
observed in premenopausal population (Supplementary Figure
S2). ER group (P=0.814), HER2 group (P=0.826), proliferation
group (P=0.539), and invasion group (P=0.386) scores were
comparable by BMI status. However, for postmenopausal
population, ER group (P<0.001) and proliferation group
Frontiers in Oncology | www.frontiersin.org 5
(P=0.044) scores were significantly distinguishable among
various BMI status, while HER2 group (P=0.252) and invasion
group (P=0.892) scores were identical. BMI ≥ 28 kg/m2 was
associated with considerably higher PR (P<0.001; Supplementary
Figure S3), higher CEGP1 (P<0.001), and higher GSTM1
(P=0.005) expression compared to normal weight group.
Overweight patients expressed higher GRB7 (P=0.033) and
higher PR (P<0.001) than those with BMI ≤ 24 kg/m2.

Clinical Outcomes by Body Mass Index
Status and Recurrence Score Category
After a median follow-up of 39.40 months (range 1.67-119.53),
109 (5.81%) DFS events were observed, including 22 local
TABLE 2 | Multivariate analysis of factors associated with BMI status.a

Characteristics Overweight (N = 551) Obese (N = 186) P value

OR 95% CI OR 95% CI

Age, years 0.005
<50 vs >65 0.43 0.26-0.74 0.33 0.14-0.76
50-65 vs >65 0.91 0.69-1.19 0.80 0.55-1.16

Menstruation status 0.413
pre- vs post- 0.91 0.58-1.42 0.63 0.31-1.28

Grade 0.030
I vs III 0.48 0.30-0.78 0.90 0.48-1.67
II vs III 0.91 0.69-1.20 0.96 0.62-1.47

Tumor size, cm 0.009
≤2.0 vs >2.0 0.68 0.54-0.87 0.87 0.60-1.26

ALN status 0.529
Negative vs Positive 0.88 0.66-1.18 1.12 0.72-1.76

PR status 0.041
Negative vs Positive 0.68 0.47-0.98 0.59 0.33-1.084

RS categoryb 0.033
Low vs High 1.05 0.65-1.70 2.45 1.38-4.35
Intermediate vs High 1.13 0.89-1.43 1.40 0.97-2.03
March 2021 | Volume 11 | Article
aThe reference category for subtype characteristics is BMI < 24 kg/m2 (N = 1,139).
bThe cutoff for RS category was <11, 11–25, >25.
BMI, body mass index; OR, odds ratio; CI, confidence interval; ALN, axillary lymph node; PR, progesterone receptor; RS, recurrence score.
Bold values mean statistically significant.
FIGURE 1 | Distribution of 21-gene RS by BMI intervals of 2.0 according to menopausal status in the study population. In whole population, RS distribution was
significantly different in patients with different BMI status (P = 0.006). Average RS score tended to decrease with increasing BMI in postmenopausal patients (P =
0.020), but not in premenopausal patients (P = 0.843). The symbols refer to average score, error bars refer to standard deviation (yellow: all patients, blue:
premenopausal population, red: postmenopausal population). RS, recurrence score; BMI, body mass index.
619840
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regional recurrences, 13 contralateral breast cancer, 27 distant
metastases, 25 second non-breast malignancy, and 22 deaths.

In all, non-overweight, overweight, and obese patients had
similar DFS in whole population (5-year DFS 91.61% vs 92.60%
vs 89.41%, P=0.227; Supplementary Figure S4), low RS group
(5-year DFS 95.36% vs 100.00% vs 83.33%, P=0.225),
intermediate RS group (5-year DFS 93.70% vs 94.01% vs
94.88%, P=0.996), and high RS group (5-year DFS 88.97% vs
89.91% vs 83.45%, P=0.090), respectively. OS was also
Frontiers in Oncology | www.frontiersin.org 6
comparable among different BMI subgroups in the whole
population (P=0.178), low RS (P=0.167), intermediate RS
(P=0.809), and high RS (P=0.331) groups. In addition, when
applying different BMI cutoff values, we also found comparable
disease outcomes between patients with BMI ≥ 24 kg/m2 and <24
kg/m2 (DFS: P=0.933; OS: P=0.104; Supplementary Figures
S5A, S5B), between patients with BMI ≥ 28 kg/m2 and <28
kg/m2 (DFS: P=0107; OS: P=0.138; Supplementary Figures
S5C, S5D) and between patients with BMI ≥ 30 kg/m2
A

B

FIGURE 2 | Subgroup analysis of interacted factors with BMI and 21-gene RS. The odds with 95% CI for RS ≥ 26 were compared between (A) overweight vs non-
overweight, and (B) obese vs non-obese patients by each subgroup. BMI, body mass index; OR, odds ratio; RS, recurrence score; CI, confidence interval; IDC,
invasive ductal carcinoma; ER, estrogen receptor; PR, progesterone receptor.
March 2021 | Volume 11 | Article 619840
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and <30 kg/m2 (DFS: P=0.198; OS: P=0.231; Supplementary
Figures S5E, S5F).

RS category significantly predicts DFS in the whole
population (5-year DFS 95.41% for low RS vs 93.90% for
intermediate RS vs 88.94% for high RS, P=0.001; Figure 4).
Other impact factors on DFS identified in the univariate analysis
included tumor grade, size, ER, Ki-67, molecular subtype, and
adjuvant endocrine therapy usage (all P<0.05; Supplementary
Table S2). In patients with normal weight, RS category (5-year
DFS 95.36% vs 93.70% vs 88.97%, P=0.046), together with
histology, tumor grade, size, and adjuvant endocrine therapy
(all P<0.05) was associated with DFS. However, RS category was
Frontiers in Oncology | www.frontiersin.org 7
not associated with DFS in overweight (P=0.558) or obese
(P=0.114) population. Furthermore, no statistically significant
difference was found with regards to OS in the whole population
(P=0.194), non-overweight (P=0.404), overweight (P=0.530) or
obese (P=0.219) patients.
DISCUSSION

In this study, which involved 1876 HR-positive, HER2-negative
breast cancer patients with 21-gene RS records, we found that RS
A B D

E F G H

C

FIGURE 4 | Clinical outcomes of breast cancer patients with different RS category stratified by BMI status. DFS in (A) DFS by 21-gene RS; (B) DFS in non-
overweight population; (C) DFS in overweight population; (D) DFS in obese population; (E) OS by 21-genes RS; (F) OS in non-overweight population; (G) OS in
overweight population; and (H) OS in obese population.
FIGURE 3 | Comparison of gene expression in 21-gene RS panel by BMI status. The violin plots refer to the expression of a certain gene. The dashed lines and the
dotted lines refer to the median and quartiles, respectively. BMI, body mass index; CT, cycle threshold; OW, overweight; OB, obese; HER2, human epidermal growth
factor receptor 2; ER, estrogen receptor.
March 2021 | Volume 11 | Article 619840
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category was significantly differently distributed among patients
with different BMI status. Menstrual status was an interacting
factor for the association of BMI and 21-gene RS. With regards to
the gene expression of 21-gene RS panel, obese patients
presented significantly higher ER, PR, CEGP1, Ki67, CCNB1
and GSTM1 (all P<0.05) than non-overweight ones in the
whole population. Overweight patients had generally similar
gene expression pattern except for higher ER (P<0.001) than
non-overweight ones. In terms of disease outcome, BMI was not
an independent factor for DFS (P=0.227) or OS (P=0.178) in
HR-positive, HER2-negative patients. The prognostic value of RS
was decreased in patients overweight or obese. To our
knowledge, this is the largest study, as well as the first in
Chinese population, to focus on the comprehensive association
of 21-gene RS and BMI in Luminal-like patients, which provides
evidence of association between tumor genetic profile and host
metabolic factor.

Previous studies have shown that obesity leads to increased
free fatty acid release, hyperinsulinemia, persistent low-grade
inflammation, and abnormal secretion of adipokines, resulting in
disease development or progression (8). Overwhelming
consensus has been made with regards to the adverse effects of
obesity on breast cancer prognosis (8, 21). For HR‐positive
patients, an analysis from the NSABP B‐14 trial demonstrated
that obese women had a 30% increased mortality risk compared
to non-obese ones (22). In a joint analysis of 6885 women from
E1199, E5188, and E3189 clinical trials, Sparano et al. showed
that BMI ≥ 30 kg/m2 was associated with inferior DFS and OS in
Luminal-like patients (23). Another meta-analysis of 21 trials
indicated that obesity was associated with higher breast cancer‐
specific mortality for HR-positive patients, regardless of
menopausal status (24). In spite of prior studies showing
impaired prognosis with obesity in breast cancer patients, our
study demonstrated no significant difference in time to
recurrence or mortality based on BMI status. Such discrepancy
may be attributed to the different study population, different BMI
cutoffs, the overall low event incidence in our cohort, and rather
inadequate follow-up of 39.40 months. Moreover, when applying
different BMI cutoff values, we also found comparable disease
outcomes between patients with BMI ≥ 24 kg/m2 vs <24 kg/m2,
BMI ≥ 28 kg/m2 vs <28 kg/m2, and BMI ≥ 30 kg/m2 vs <30 kg/
m2. Along with our finding, one study of Cespedes Feliciano et al.
found that among women with PAM50 Luminal A disease, those
who had BMI ≥35 kg/m2, but not BMI 30-35 kg/m2 or
overweight, had worse prognosis, while no association between
BMI and prognosis was observed for Luminal B subtype (25).

The association between host obesity and genetic profile of
Luminal-like breast cancer patients remains indeterminate.
Several studies found a limited correlation between obesity and
breast cancer genomics. For example, Muniz et al. revealed that
central obesity was not associated with 21-gene RS category after
stratification by menopausal status in a cohort of 534 HR-
positive, HER2-negative patients (12). A lifestyle study of
MINDACT trial-enrolled population involving 1555 patients
showed that BMI was not an independent impact factor for the
prognostic 70-gene expression signature MammaPrint,
Frontiers in Oncology | www.frontiersin.org 8
regardless of menstrual status (26). Nevertheless, our cohort of
1876 HR-positive, HER2-negative patients revealed a significant
association between BMI status and RS category, which was only
established in postmenopausal population. The inconsistency
between previous findings and ours may be due to the BMI cutoff
as well as the RS cutoff applied in the study. To note, one strength of
our study was that we managed to conduct a subgroup analysis,
showing that the association of BMI and RS was substantially
influenced by menopausal status. After menopause, the possibility
for obese or overweight patients to have a lower RS than non-
overweight ones significantly rose. This is to our knowledge thefirst
study presenting the interaction between menstruation and the
correlation of BMI and 21-gene RS.

Another highlight was that we revealed, for the first time, the
potential influence of BMI on single gene expression in the 21-
gene RS panel. Overall, ER group genes including ER, PR,
CEGP1, had substantially higher expression in obese patients
compared to non-overweight ones, which was mainly found in
the postmenopausal population. Overweight patients also
expressed higher level of ER than those non-overweight. This
finding added to the previous notion that for postmenopausal
women, obesity is correlated with higher plasma levels of
estradiol derived from adipose tissue (27) and increased risk of
ER-positive breast cancer (28). In addition, we also found that
the expression of proliferation group genes Ki67 and CCNB1 was
significantly elevated in obese population. Meanwhile, the
difference in proliferation group gene expression was less
obvious between overweight vs non-overweight patients. As
shown by Kwan et al., patients with BMI ≥ 35 kg/m2 had
higher expression of proliferation genes compared with normal
weight women (29). This might be due to the link between
obesity and pro-inflammatory microenvironment, insulin
resistance, the abnormal activation of insulin-like growth
factor pathway, and altered adipokines, which results in more
aggressive behavior of breast tumors.

Another issue to resolve is whether RS has identical
prognostic value in patients with different BMI status. Sestak et
al. found that 21-gene RS was most predictive in the lowest BMI
tertile, and significantly less predictive in obese women,
indicating an interaction of BMI and RS on the prediction of
disease outcomes (13). Meanwhile in the same cohort, the
prognostic value of Prosigna Risk of Recurrence Score was the
greatest for women with a BMI 25 to 30 kg/m2 (13), suggesting
that the effect of BMI on genetic assay varied across panels. In
consistent with previous evidence, here we demonstrated that RS
category significantly predict DFS in the whole population
(P=0.001), and for non-overweight patients (P=0.046). RS
category was not associated with clinical outcomes in
overweight (P=0.558) or obese (P=0.114) population. The
prognostic value of RS might be decreased in patients
overweight or obese, but our results should be validated with
longer follow-up and more events.

Apart from the strengths, there are still some limitations. First
of all, given the retrospective design of the study, selection biases
might be inevitable. Secondly, as a result of inadequate follow-up
time and relatively superior disease outcomes, limited events
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were observed, so that our findings on clinical outcomes should
be further validated. In addition, the current study was carried
out in Chinese population, and the optimal BMI and RS cutoffs
should be tested in the future to gain a better understanding of
the association of obesity and 21-gene RS.

In conclusion, 21-gene RS category and gene expression were
significantly differently distributed among patients with various
BMI status, especially in postmenopausal patients. The
prognostic value of RS might be influenced by host obesity,
which warranted further validation.
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Supplementary Figure S1 | Study population flowchart. HER2, human
epidermal growth factor receptor 2; RS, recurrence score; CT, cycle threshold.

Supplementary Figure S2 | Comparison of gene expression in 21-gene RS
panel by BMI status in premenopausal population. The violin plots refer to the
expression of a certain gene. The dashed lines and the dotted lines refer to the
median and quartiles, respectively. BMI, body mass index; CT, cycle threshold; OW,
overweight; OB, obese; HER2, human epidermal growth factor receptor 2; ER,
estrogen receptor.

Supplementary Figure S3 | Comparison of gene expression in 21-gene RS by
BMI status in postmenopausal population. The violin plots refer to the expression
of a certain gene. The dashed lines and the dotted lines refer to the median and
quartiles, respectively. BMI, body mass index; CT, cycle threshold; OW,
overweight; OB, obese; HER2, human epidermal growth factor receptor 2; ER,
estrogen receptor.

Supplementary Figure S4 | Clinical outcomes of breast cancer patients with
different BMI statuses stratified by 21-gene RS category. DFS in (A) whole, (B) low
risk, (C) intermediate risk, and (D) high risk population; OS in (E) whole, (F) low risk,
(G) intermediate risk, and (H) high risk population. Navy, yellow and red lines refer to
non-overweight, overweight and obese group, respectively. DFS, disease-free
survival; OS, overall survival; BMI, body mass index; RS, recurrence score.

Supplementary Figure S5 | Clinical outcomes of breast cancer patients with
different BMI cutoffs. Disease-free survival and overall survival (A, B) whole, (B) low
risk, (C) intermediate risk, and (D) high risk population; OS in (E) whole, (F) low risk,
(G) intermediate risk, and (H) high risk population.
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