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Abstract: Selective estrogen receptor modulator (SERM)-associated

nonalcoholic fatty liver disease (NAFLD) might be related to treatment

efficacy in patients with breast cancer because of circulating estrogen

antagonism.

The aim of the study was to investigate the relationship between

NAFLD and survival outcomes in patients with breast cancer who were

treated with tamoxifen or toremifene.

This single-center, retrospective, cohort study included 785

eligible patients who received tamoxifen or toremifene, after curative

resection for breast cancer, at the Sun Yat-sen University Cancer

Center between January 2005 and December 2009. Data were extracted

from patient medical records. All patients underwent abdominal

ultrasonography, at least once, at baseline and at the annual follow-

up. Patients who were diagnosed with NAFLD on ultrasonography

were classified into the NAFLD or the non-NAFLD arm at the 3-year

follow-up visit. Univariate and multivariate Cox regression analyses

were conducted to evaluate any associations between NAFLD and

disease-free survival (DFS) or overall survival (OS).

One hundred fifty-eight patients were diagnosed with NAFLD.

Patients who developed NAFLD had better DFS and OS compared

with those who did not. Univariate analyses revealed that the 5-year

DFS rates were 91.56% and 85.01% for the NAFLD and non-

NAFLD arms, respectively (hazard ratio [HR], 0.59; 95% confidence

interval [CI], 0.37–0.96; log-rank P¼ 0.032). The 5-year OS rates

were 96.64% and 93.31% for the NAFLD and non-NAFLD arms,
, MD, Tao Qin, MD in An, MD, Cong
D, Yanxia Shi, MD, and Shusen Wang, MD

with that in the non-NAFLD arm (HR, 0.59; 95% CI, 0.36–0.96;

P¼ 0.033).

SERM-associated NAFLD was independently associated with

improved DFS and might be useful for predicting treatment responses

in breast cancer patients treated with SERMs.

(Medicine 94(40):e1718)

Abbreviations: BMI = body mass index, CI = confidence interval,

DFS = disease-free survival, ER = estrogen receptor, HER2 =

human epidermal growth factor receptor 2, HR = hazard ratio, IGF

= insulin-like growth factors, NAFLD = nonalcoholic fatty liver

disease, OR = odds ratio, OS = overall survival, PgR =

progesterone receptor, SERM = selective estrogen receptor

modulator, TNM = tumor–node–metastasis.

INTRODUCTION

I n China, breast cancer is the most prevalent cancer among
urban women and the fourth leading cancer in rural areas.1

For Chinese women, the mean age at diagnosis is 45 to 55 years,
which is significantly less in comparison with that in Western
women.1 Epidemiological studies show that approximately
60% of Chinese women are premenopausal when diagnosed
with breast cancer.2,3 Consequently, in China, selective estro-
gen receptor modulators (SERMs) are standard endocrine
therapeutic agents.

Tamoxifen and toremifene are SERMs with proven effi-
cacy in patients with hormone receptor-positive breast cancer.
A multicenter randomized trial showed that both drugs had
equal efficacy and similar side effect profiles in the adjuvant
setting for node-positive postmenopausal women with early
breast cancer.4 Similarly, the International Breast Cancer Study
Group Trials 12-93 and 14-93 demonstrated that both drugs had
consistent outcomes, toxicities, and effects on patient quality of
life.5

Even though significant outcome improvements have been
gained using endocrine therapy, not all patients benefit from
SERMs. Clinically, long-term administration of tamoxifen and
toremifene caused frequent side effects, including climacteric
symptoms, venous thromboembolism, and lipid dysfunction
such as nonalcoholic fatty liver disease (NAFLD).6–9 It has
been reported that approximately 40% of patients undergoing
tamoxifen treatment developed NAFLD within 2 years.6,7,10

The pathogenesis of SERM-associated NAFLD has not been
clearly defined, but is under active investigation. Inhibition of
d promotion of triacylglycerol biosyn-
ested as putative mechanisms.11–13 In
monstrated that tamoxifen can induce
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hepatocyte steatosis and increase hepatocyte triglyceride
accumulation by modulating the expression of genes involved
in the triglyceride homeostasis pathway.14,15 Furthermore,
estrogen can regulate fatty acid oxidation.16

SERMs bind to and block the estrogen receptor (ER),
acting as potent inhibitors of estrogen signaling, which could
weaken fatty acid oxidation and result in NAFLD development.
Consequently, whether there is an association with the anti-
tumor potency of SERMs is unknown. We performed a retro-
spective study to evaluate the hypothesis that development of
NAFLD in SERM-treated patients with breast cancer improved
SERM antitumor efficacy.

PATIENTS AND METHODS

Patients
After being granted approval by Institutional Review Board

of Sun Yat-sen University Cancer Center, Guangzhou, China, we
conducted a retrospective study by searching electronic medical
records to identify patients with primary invasive breast cancer.
We identified 1355 patients who had undergone curative surgery
between January 2005 and December 2009. All 1355 patients had
immunohistochemically confirmed ER/progesterone receptor
(PgR)-positive breast cancer, normal baseline liver function,
and complete covariate information in the medical records. In
addition, all patients were hepatitis B surface antigen-negative
and antihepatitis C virus antibody-negative and consumed<10 g
of alcohol per day. Exclusion criteria are shown in Figure 1. None
of the patients had NAFLD according to baseline ultrasonogra-
phy. Finally, 785 eligible patients with breast cancer treated with
tamoxifen or toremifene were included. Written informed con-
sent was provided by all patients.

Zheng et al
Study Design
The clinical endpoints were disease-free survival (DFS)

and overall survival (OS). DFS was defined as the time from the

HR+ breast cancer patients treated with SERMs
n=1355

Eligible for selection
n=1029

bilateral primary breast cancer
n=8

stage IV at diagnosis
n=2

second primary cancer
n=16

less than 90 days of a tamoxifen 
or toremifene prescription 

n=300

no NAFLD occurred
n=627

baseline or follow-up abdominal 
ultrasonography missed

n=154
NAFLD diagnosed before 

treatment
n=58

NAFLD occurred 
n=158

follow up less than 12 months
n=32

•Surgery from Jan 2005 to Dec 2009
•Normal baseline ALT, AST
•HbsAg and anti-HCV-Ab negative
•Alcohol assumption <  10g/d

FIGURE 1. Flow diagram showing the exclusion criteria of the
study. ALT¼alanine aminotransferase, anti-HCV-Ab¼ anti-HCV
antibody, AST¼aspartic aminotransferase, NAFLD¼nonalcoholic
nonalcoholic fatty liver disease, SERMs¼ selective estrogen recep-
tor modulators.
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date of surgery until the date of the earliest documentation of
disease recurrence, metastasis, or death from any cause, or until
the end of follow-up. OS was defined as the time from the date
of surgery until the date of death from any cause, or until the end
of follow-up. Clinicopathological characteristics were evalu-
ated, including age at diagnosis, body mass index (BMI) before
SERM administration, tumor size, nodal status, histologic
grade, tumor–node–metastasis (TNM) stage, lymphovascular
invasion, ER expression, PgR expression, human epidermal
growth factor receptor 2 (HER2) status, and treatment regimen
(chemotherapy, radiotherapy, surgery, endocrine therapy). The
duration of SERM use was calculated by subtracting the first
SERM prescription date from the last day of coverage. BMI was
defined as weight/height2 (kg/m2). Tumor staging was based on
the seventh edition of the American Joint Committee on Cancer
criteria. ER and PgR status were designated as binary variables
according to a cutoff value of 10%. HER2-positivity was
confirmed as immunohistochemical 3þ staining intensity or
amplification detected by fluorescence in situ hybridization.

NAFLD Assessment
All patients underwent abdominal ultrasonography at least

once at baseline and once at the annual follow-up visit. Patients
were asked to consume a fat-free meal on the evening before the
test and to avoid eating for 4 to 8 hours before the test. A 3- to 5-
MHz transducer and ACUSON SequoiaTM 512 ultrasound
machine (Siemens, Mountain View, CA) were used for upper
abdominal and hepatic imaging. Ultrasonography was performed
by experienced sonographers who were blinded to the study aims
and data. The diagnosis of NAFLD was based on an increase in
liver echogenicity, discrepancies between hepatic and renal
echoes, and echo loss from the portal vein walls.17

Statistical Analyses
Patients were classified into the NAFLD and non-NAFLD

arms at the first 3-year follow-up visit. Mann–Whitney U and
x2 tests were used to compare continuous and categorical data,
respectively. Multivariate logistic regression analysis was used
to identify independent factors associated with the development
of NAFLD. The Kaplan–Meier method was used to calculate
the cumulative survival rate and to plot DFS and OS curves. The
log-rank test was used to compare the differences in DFS and
OS between the study arms. Univariate Cox regression analysis
was used to identify prognostic factors associated with DFS and
OS. The multivariate Cox proportional hazards model with a
forward stepwise selection of significant univariate factors or
probably important confounding variables was applied to deter-
mine which factors acted as independent prognosticators. All
statistical analyses were conducted using SPSS 19.0 for Win-
dows (SPSS Inc, Chicago, IL). A 2-tailed P value of �0.05 was
considered statistically significant.

RESULTS

Patient Characteristics
The median follow-up was 76 months (range, 14–122

months). The cumulative 1, 2, and 3-year NAFLD development
rates were 10.8%, 16.2%, and 20.1%, respectively. The NAFLD
arm comprised 158 patients, and the non-NAFLD arm com-
prised 627 patients. Baseline patient characteristics for both

Medicine � Volume 94, Number 40, October 2015
arms are shown in Table 1. The median age at diagnosis was 45
years in the NAFLD arm and 42 years in the non-NAFLD arm.
There were no significant differences in tumor size, lymph
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NAFLD
Arm

Non-
NAFLD

Arm

Characteristics No. % No. % P
�

HER2 status

SERM-Associated NAFLD Improved Survival in BC
node-positive number, histologic grade, TNM stage, ER or PgR
expression, HER2 status, or treatment regimens between the
arms. Patients in the NAFLD arm were significantly older and
had high BMI compared with those in the non-NAFLD arm
(both P< 0.001).

In the NAFLD arm, of the 154 (97.5%) patients who
underwent chemotherapy, 151 were administered anthracycline
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and/or taxane-based regimens. In the non-NAFLD arm, of the
593 patients who underwent chemotherapy, 577 were adminis-
tered anthracycline and/or taxane-based regimens.

TABLE 1. Baseline Characteristics Grouped by Nonalcoholic
Fatty Liver Disease Developed or Not

NAFLD
Arm

Non-
NAFLD

Arm

Characteristics No. % No. % P
�

No. 158 627
Age, y

Median 45 42 <0.001
Range 21–68 21–81
�40 y 30 19.0 246 39.2 <0.001
>40 y 128 81.0 381 60.8

BMI
Median 23.67 21.91 <0.001
Range 17.05–32.20 14.22–36.33
<18.5 6 3.8 55 8.8 <0.001
18.5–23.9 79 50.0 400 64.0
�24 73 46.2 170 27.2

Tumor size
�20 mm 71 44.9 276 44.1 0.279
21–50 mm 74 46.8 318 50.8
�50 mm 13 8.2 32 5.1

Nodal status
0 95 60.1 354 56.5 0.857
1–3 39 24.7 170 27.1
4–9 17 10.8 70 11.2
�10 7 4.4 33 5.3

HG
G1 15 9.5 38 6.1 0.470
G2 85 53.8 361 57.6
G3 48 30.4 188 30.0
Unknown 10 6.3 40 6.4

TNM stage
Stage I 45 28.8 180 28.8 0.849
Stage II 84 53.8 348 55.7
Stage III 27 17.3 97 15.5

LVSI
None 147 93.0 603 96.2 0.088
Yes 11 7.0 24 3.8

ER status
�10% 129 81.6 504 80.4 0.522
<10% 29 18.4 118 18.8
Unknown 0 0.0 5 0.8

PgR status
�10% 143 90.5 585 93.3 0.190
<10% 15 9.5 38 6.1
Unknown 0 0.0 4 0.6

Positive 17 10.8 81 12.9 0.346
Negative 141 89.2 540 86.1
Unknown 0 0.0 6 1.0

Chemotherapy
Yes 154 97.5 593 94.6 0.130
None 4 2.5 34 5.4

Adjuvant radiotherapy
Yes 48 30.4 183 29.2 0.769
None 110 69.6 444 70.8

Surgery
MRM 138 87.3 568 90.6 0.457
BCS 19 12.0 55 8.8
Others 1 0.6 4 0.6

Adjuvant endocrine therapy
Tamoxifen 76 48.1 341 54.4 0.341
Toremifene 46 29.1 167 26.6
Both 36 22.8 119 19.0

BCS¼ breast conservative surgery, BMI¼ body mass index,
ER¼ estrogen receptor, HER2¼ human epidermal growth factor 2,
HG¼ histologic grade, LVSI¼ lymphovascular invasion, MRM¼
modified radical mastectomy, NAFLD¼ nonalcoholic fatty liver dis-
ease, PgR¼ progesterone receptor, TNM¼ tumor–node–metastasis.�

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Baseline Characteristics Associated With NAFLD
Development

Multivariate logistic regression analysis of independent
factors associated with NAFLD development is shown in
Table 2. Age and BMI were positively associated with NAFLD
development (age: odds ratio [OR], 1.04; 95% confidence
interval [CI], 1.02–1.07, P¼ 0.001; BMI: OR, 1.11; 95% CI,

P< 0.05 was considered statistically significant.
1.05–1.18; P¼ 0.001). In addition, chemotherapy adminis-
tration (OR, 5.51; 95% CI, 1.52–20.00; P¼ 0.01) was signifi-
cantly associated with NAFLD development.

TABLE 2. Multivariate Analysis of Factors Related to Nonalco-
holic Fatty Liver Disease Developed

\Variable OR 95% CI P
�

Age, y (continuous) 1.04 1.02–1.07 0.001
BMI, kg/m2 (continuous) 1.11 1.05–1.18 0.001
Chemotherapy

None 1.00 Reference
Yes 5.51 1.52–20.00 0.010

Multivariate logistic regression analyses were adjusted for age at
diagnosis, BMI, tumor size, nodal status, TNM stage, histologic grade,
ER expression, PgR expression, HER2 status, chemotherapy or not,
radiotherapy or not, and endocrine therapy by a forward conditional
method.

BMI¼ body mass index, CI¼ confidence interval, OR¼ odds ratio.�
P< .05 was considered statistically significant.

www.md-journal.com | 3



The Effect of NAFLD Development on DFS
In the univariate analysis, NAFLD development, smaller

tumor size, less lymph node metastasis, earlier TNM stage,
lower histologic grade, high ER expression, HER2-negative
status, no chemotherapy, and no radiotherapy were associated
with improved DFS (Table 3). The 5-year DFS rates were
91.57% and 85.03% in the NAFLD and non-NAFLD arms,
respectively (log-rank test: P¼ 0.032; univariate hazard ratio
[HR], 0.59; 95% CI, 0.37–0.96) (Figure 2A). In the age- and
BMI-adjusted multivariate analysis, NAFLD development was
confirmed as an independent prognosticator for DFS. Patients in
the NAFLD arm who underwent SERM treatment had a 41%
reduction in disease risk (multivariate HR, 0.59; 95% CI, 0.36–
0.96; P¼ 0.033) compared with patients in the non-NAFLD
arm (Table 4).

The Effect of NAFLD Development on OS
Table 3 and Figure 2B show the OS outcomes. The 5-year

OS rates were 96.65% and 93.73% in the NAFLD and non-
NAFLD arms, respectively (log-rank test P¼ 0.039). Univari-
ate analysis revealed that patients in the NAFLD arm had longer
OS compared with those in the non-NAFLD arm (HR, 0.39;
95% CI, 0.16–0.99; P¼ 0.047) (Table 3). However, after
adjustment for other conventional prognostic factors, NAFLD
was not an independent prognosticator for OS. Nodal status, ER
expression, and histologic grade were independent prognosti-
cators for OS (N1 vs N0, P¼ 0.018; N2 vs N0, P< 0.001; N3 vs
N0, P< 0.001; ER�10% vs ER< 10%, P¼ 0.005; G3 vs G1/2,
P¼ 0.017) (Table 5).

DISCUSSION
In this retrospective study, significantly better DFS was

observed in patients with early breast cancer who developed
NAFLD in the first 3 years of SERM treatment compared with
those who did not develop NAFLD. This is the first study, to our
knowledge, to report that SERM-associated NAFLD plays a
protective role in early breast cancer. In addition, nodal status,
invasion size, and ER expression were independent prognos-
ticators for DFS.

The diagnosis of drug-associated NAFLD is challenging; it
remains a clinical diagnosis of exclusion because it lacks
objective diagnostic tests. However, a reliable diagnosis can
be made by a thorough analysis of patient history and clinical,
laboratory, and imaging examinations. A prospective, random-
ized control study indicated that tamoxifen-treated patients had
a 3-year cumulative NAFLD incidence of 32.6% compared with
9.6% for that in anastrozole-treated patients.10 Likewise, some
retrospective studies have reported an NAFLD incidence rate of
approximately 40% in tamoxifen-treated patients.6,7 Con-
sequently, we have reason to hypothesize that NAFLD might
be correlated with adjuvant endocrine therapy.

In our study, the cumulative 1, 2, and 3-year NAFLD
development rates were lower compared with those reported in
previous studies.6,7,10 This was most probably because when
compared with other study cohorts, our patients were younger
and included more number of premenopausal women. In
addition, we used ultrasonography as a diagnostic instrument,
rather than computed tomography that could lead to differential
findings between studies. Moreover, some patients undergoing
SERM treatment switched between tamoxifen and toremifene

Zheng et al
regimens, and it has been demonstrated that toremifene is less
likely to induce NAFLD compared with tamoxifen.18 In
Western countries, there is little evidence to suggest the use
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of toremifene in premenopausal women; however, in China,
toremifene has been proposed as an alternative to tamoxifen in
premenopausal women.

It is well known that some drug-related side effects can
positively affect treatment efficacy. The International Tamox-
ifen Exemestane Adjuvant Multinational (TEAM) trial found
that patients who reported treatment-related adverse events,
such as vasomotor symptoms, musculoskeletal and joint symp-
toms, and vulvovaginal symptoms during the first year of
treatment, had improved DFS and OS and fewer distant metas-
tases compared with those who did not.8 In addition, patients
who experienced mammographic breast density reduction
during tamoxifen treatment also had better outcomes.19–21 In
the present study, NAFLD, a drug-specific adverse event,
improved DFS in SERM-treated patients with hormone recep-
tor-positive breast cancer. This evidence could be useful for
clinicians in encouraging patients with treatment-related
adverse events to persist with long-term endocrine therapy.
More importantly, those who do not experience treatment-
related adverse events should undergo more frequent follow-
up and attention. However, management of toxicity during
SERM treatment should not be viewed lightly because NAFLD
could progress to nonalcoholic steatohepatitis, or even irrevers-
ible liver cirrhosis.22 Diet modifications and treatment with
pharmacologic agents have been used to manage drug-associ-
ated liver steatosis, but randomized control trials of their
efficacy have not been conducted.23

NAFLD is a well-known risk factor for various malig-
nancies.24–26 However, some studies have suggested a protec-
tive role for NAFLD in patients with malignancies.27,28 One
demonstrated that the time to prostate cancer biochemical
recurrence after radical prostatectomy was significantly delayed
in patients with NAFLD.27 Another illustrated that colorectal
cancer patients with NAFLD at baseline had higher OS rates
compared with the non-NAFLD patients.28 In our study,
although NAFLD was SERM-associated, it similarly improved
DFS in NAFLD patients. The mechanisms involved may be
analogous with those in other studies, and probably involved the
insulin and insulin-like growth factor (IGF) axis, which are well
recognized as promoters of cellular proliferation and antiapop-
tosis.29 The IGF-1 receptor (IGF-1R) and insulin receptors are
functional in all breast cancer subtypes.30–32 IGF-1R signaling
can mediate antiestrogen resistance via cross talk with ER
signaling. In ER-positive MCF7 human breast cancer cells,
overexpression of IGF-1R increased receptor tyrosine kinase
activity in response to IGF-1 ligand stimulation, promoting
resistance to tamoxifen and fulvestrant.33 NAFLD has been
shown to be associated with decreased circulating IGF-1
levels,34,35 which might partially explain why NAFLD was
associated with better breast cancer outcomes during SERMs
treatment. Currently, the number of drugs developed to target
the IGF-1 and insulin receptors has increased, and a series of
phase 1 and 2 studies are underway. However, for advanced
breast cancer, the preliminary findings from these studies have
been controversial. Phase I studies showed that the IGF-1R
inhibitors, ganitumab (AMG 479), AVE1642, R1507, and
cixutumumab had promising activity against metastatic breast
cancer,36–39 but a phase II study of ganitumab in combination
with endocrine therapy did not improve the outcomes in patients
with endocrine-resistant hormone-receptor-responsive meta-
static breast cancer.40 These studies suggest that not all patients

Medicine � Volume 94, Number 40, October 2015
would benefit from IGF-1R inhibitor therapy; therefore, more
studies, including biomarker analysis, are needed to validate the
usefulness of IGF-1R inhibitors in breast cancer patients.
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TABLE 3. Univariate Analysis of Prognostic Factors Related to Disease-Free Survival and Overall Survival in Patients With Breast
Cancer

Disease-Free Survival Overall Survival

Variable HR (95% CI) P
�

HR (95% CI) P
�

Age
�35 1.00 (reference) 1.00 (reference)
>35 0.80 (0.52–1.23) 0.314 0.75 (0.38–1.50) 0.415

BMI
<18.5 0.61 (0.28–1.31) 0.201 0.68 (0.21–2.22) 0.526
18.5–23.9 1.00 (reference) 1.00 (reference)
�24 0.89 (0.62–1.29) 0.534 0.81 (0.44–1.49) 0.502

Tumor size
�20 mm 1.00 (reference) 1.00 (reference)
21–50 mm 2.46 (1.66–3.66) <0.001 1.99 (1.05–3.75) 0.034
�50 mm 4.65 (2.60–8.32) <0.001 5.23 (2.26–12.07) <0.001

Nodal status
0 1.00 (reference) 1.00 (reference)
1–3 3.09 (2.01–4.74) <0.001 2.35 (1.10–5.00) 0.027
4–9 5.70 (3.55–9.14) <0.001 6.53 (3.11–13.73) <0.001
�10 8.54 (4.94–14.76) <0.001 11.07 (4.96–24.71) <0.001

TNM stage
Stage I 1.00 (reference) 1.00 (reference)
Stage II 4.38 (2.27–8.47) <0.001 3.56 (1.24–10.19) 0.018
Stage III 11.19 (5.67–22.07) <0.001 11.42 (3.95–33.03) <0.001

HG
G1 1.00 (reference) 1.00 (G1/2 as reference)a

G2 5.10 (1.25–20.78) 0.023
G3 7.99 (1.95–32.71) 0.004 2.71 (1.56–4.70) <0.001

LVSI
Negative 1.00 (reference) 1.00 (reference)
Positive 1.64 (0.84–3.23) 0.150 2.30 (0.91–577) 0.077

ER status
�10% 1.00 (reference) 1.00 (reference)
<10% 1.52 (1.04–2.24) 0.032 2.27 (1.29–4.01) 0.005

PgR status
�10% 1.00 (reference) 1.00 (reference)
<10% 0.98 (0.50–1.92) 0.950 0.56 (0.14–2.29) 0.418

HER2 status
Negative 1.00 (reference) 1.00 (reference)
Positive 1.95 (1.29–2.95) 0.002 2.39 (1.28–4.46) 0.006

Chemotherapy
Yes 1.00 (reference) 1.00 (reference)
None 0.13 (0.02–0.94) 0.043 0.36 (0.05–2.58) 0.307

Adjuvant Radiotherapy
Yes 1.00 (reference) 1.00 (reference)
None 0.42 (0.30–0.58) <0.001 0.33 (0.19–0.56) <0.001

Adjuvant endocrine therapy
Tamoxifen 1.00 (reference) 1.00 (reference)
Toremifene 1.13 (0.77–1.66) 0.538 1.24 (0.68–2.28) 0.483
Both 0.99 (0.63–1.55) 0.950 0.91 (0.43–1.93) 0.801

Surgery
MRM 1.00 (reference) 1.00 (reference)
BCS 0.58 (0.28–1.18) 0.129 0.36 (0.09–1.49) 0.160

NAFLD
Not developed 1.00 (reference) 1.00 (reference)
Developed 0.59 (0.37–0.96) 0.034 0.39 (0.16–0.99) 0.047

BCS¼ breast conservative surgery, BMI¼ body mass index, CI¼ confident interval, ER¼ estrogen receptor, HER2¼ human epidermal growth
factor 2, HG¼ histologic grade, HR¼ hazard ratio, LVSI¼ lymphovascular invasion, MRM¼modified radical mastectomy, NAFLD¼ nonalcoholic
fatty liver disease, PgR¼ progesterone receptor, TNM¼ tumor–node–metastasis.

a G1/2 group as reference, as G1 group has no OS event occurred.�
P< 0.05 was considered statistically significant.

Medicine � Volume 94, Number 40, October 2015 SERM-Associated NAFLD Improved Survival in BC

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 5



triglycerides or liver enzyme levels, so they were not evaluated.
Well-designed, prospective cohort studies are needed to vali-
date our findings.

TABLE 4. Multivariate Analysis of Prognostic Factors Related
to Disease-Free Survival in Patients With Breast Cancer

Disease-Free Survival

Variable HR 95% CI P
�

Nodal status
0 1.00 Reference
1–3 2.83 1.83–4.37 <0.001
4–9 4.53 2.78–7.38 <0.001
�10 6.13 3.47–10.82 <0.001

Invasion size
�20 mm 1.00 Reference
21–50 mm 1.72 1.14–2.58 0.009
�50 mm 2.67 1.45–4.90 0.002

ER status
�10% 1.00 Reference
<10% 1.60 1.08–2.38 0.019

NAFLD
Not developed 1.00 Reference
Developed 0.59 0.36–0.96 0.033

Multivariate analyses were adjusted for age at diagnosis, BMI, tumor
size, nodal status, TNM stage, histologic grade, ER expression, HER2
status, chemotherapy or not, radiotherapy or not, and NAFLD developed
or not by a forward conditional method.

FIGURE 2. Kaplan–Meier curves for disease-free survival (A)

TABLE 5. Multivariate Analysis of Prognostic Factors Related
to Overall Survival in Patients With Breast Cancer

Overall Survival

Variable HR 95% CI P
�

Nodal status
0 1.00 Reference
1–3 2.55 1.18–5.53 0.018
4–9 6.66 3.09–14.37 <0.001
�10 9.17 3.93–21.38 <0.001

ER status
�10% 1.00 Reference
<10% 2.32 1.28–4.21 0.005

HG
G1/2 1.00 Reference
G3 1.99 1.13–3.49 0.017

Multivariate analyses were adjusted for age at diagnosis, BMI, tumor
size, nodal status, TNM stage, histologic grade, ER expression, HER2
status, radiotherapy or not, and NAFLD by a forward conditional
method.
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The present study had limitations. First, exact information
on the menopausal status of all the patients was not available,
yet the menopausal status was a probable confounding factor of
NAFLD and was associated with the prognosis of early breast
cancer. In addition, suppression of ovarian function was not
routinely performed in high-risk and young patients. Second,
we used ultrasonography to diagnose NAFLD, whereas the gold
standard is a liver biopsy. We did not grade the severity of liver
steatosis or classify the pattern of steatosis. Furthermore, we

and overall survival (B) according to the nonalcoholic fatty liver
disease developed or not. Median follow-up was 76 months.
CI¼ confidence interval, HR¼hazard ratio, NAFLD¼nonalcoholic
fatty liver disease.
could not differentiate steatohepatitis from steatosis because
this is not possible using ultrasonography; therefore, the sever-
ity-related effect of steatosis could not be evaluated. Third,

6 | www.md-journal.com
because of the retrospective study design, there may be an
element of selection bias. Furthermore, we could not control for
confounding factors that might influence test results for serum

CI¼ confidence interval, ER¼ estrogen receptor, HR¼ hazard ratio,
NAFLD¼ nonalcoholic fatty liver disease.�

P< 0.05 was considered statistically significant.
CI¼ confidence interval, ER¼ estrogen receptor, HG¼ histologic
grade, HR¼ hazard ratio.�

P< 0.05 was considered statistically significant.
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In conclusion, in patients with breast cancer, SERM-associ-
ated NAFLD was an independent prognosticator associated with
improved DFS. In addition, knowing that SERM-associated
NAFLD is protective could be useful for clinicians to persuading
patients who experience side effects to continue with the treat-
ment regimen. Conversely, it may also indicate that those who do
not develop NAFLD should be followed more closely.
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