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Underlying nonalcoholic f
atty liver disease is a
significant factor for breast cancer recurrence
after curative surgery
Young-Sun Lee, MDa, Ha Seok Lee, MDa, Sung Won Chang, MDa, Chan Uk Lee, MDa, Jung Sun Kim, MDb,
Young Kul Jung, MDa, Ji Hoon Kim, MDa, Yeon Seok Seo, MDa, Hyung Joon Yim, MDa, Chang Hee Lee, MDc,
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Abstract
Breast cancer is the most common cancer among women worldwide, and it is a main cause of death in women. As with breast
cancer, metabolic components are important risk factors for the development of nonalcoholic fatty liver disease (NAFLD). In this
retrospective cohort study, we aimed to determine the prevalence of NAFLD in patients with breast cancer and the impact of NAFLD
on the prognosis of breast cancer.
Patients with breast cancer were enrolled in the study from January 2007 to June 2017. Hepatic steatosis was evaluated through

non-enhanced computed tomography scan by measuring Hounsfield Units in the liver and spleen, respectively; 123 healthy controls
who underwent non-enhanced computed tomography scan were also analyzed.
The prevalence of NAFLD in patients with breast cancer was 15.8% (251/1587), which was significantly higher than in healthy

controls (8.9%, 11/123) (P= .036). Overall survival did not significantly differ between the groups with and without NAFLD (P= .304).
However, recurrence-free survival was significantly higher in patients without NAFLD than in those with NAFLD (P= .009). Among
breast cancer patients receiving endocrine treatment, the NAFLD group showed a higher cumulative incidence of significant liver
injury than the group without NAFLD (P< .001).
The prevalence of NAFLD in patients with breast cancer is significantly higher than in healthy controls. Moreover, breast cancer

patients with NAFLD showed poorer prognosis in terms of recurrence. Therefore, diagnostic evaluation for NALFD is important in
managing patients with breast cancer.

Abbreviations: BMI = body mass index, CT = computed tomography, ER = estrogen receptor, HTN = hypertension, HU =
Hounsfield units, MRI = magnetic resonance imaging, NAFLD = nonalcoholic fatty liver disease, NASH = nonalcoholic
steatohepatitis, PR = progesterone receptor, PSM = propensity score matching, SERS = selective estrogen receptor modulators,
ULN = upper limit of normal.
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1. Introduction

Recently, the prevalence of nonalcoholic fatty liver disease
(NAFLD) has continued to increase worldwide, currently
affecting 20% to 30% of the adult population, as NAFLD has
emerged as a main cause of chronic liver disease.[1] Approxi-
mately, 25% to 30% of patients with NAFLD may progress to
nonalcoholic steatohepatitis (NASH), which is a progressive liver
disease characterized by inflammation and ballooning, and that
may further progress to cirrhosis and hepatocellular carcino-
ma.[2] In addition to advanced liver disease, NAFLD is associated
with metabolic diseases including impaired fasting glucose,
diabetes, and cardiovascular disease, resulting in decreased
overall survival.[3,4] Moreover, NAFLD is also correlated with
the development of extra hepatic cancers both of the gastrointes-
tinal tract (esophagus, stomach, pancreas, and colon) and non-
intestinal organs (kidney, prostate, and breast).[5]

Breast cancer is the most common cancer in women
worldwide, and is a main cause of death in women.[6]

Fortunately, mortality from breast cancer has been decreasing
with time given the advances in screening strategies and adjuvant
treatments.[7] It is well known that the incidence of breast cancer
is correlated with age and other risk factors such as BRCA1 or
BRCA2 mutation, family history of breast cancer, therapeutic
radiation to the chest, hormonal factors, breast density, sedentary
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lifestyle, hyperlipidemia, and obesity in particular.[8,9] Similar to
breast cancer, the importance of the association between NAFLD
and metabolic syndrome is coming to be recognized as an
important aspect of NAFLD development and the risk of
cardiovascular disease.[10,11] Based on this shared association
with these metabolic components, it is reasonable to hypothesize
a potential relationship between NAFLD and breast cancer.
Approximately 63% of newly diagnosed breast cancer patients
were shown to have NAFLD,[12] and there was a significantly
higher prevalence of NAFLD in patients with breast cancer than
in healthy controls (45.2% vs 16.4%).[13] However, the exact
prevalence of NAFLD in women with breast cancer is still
unclear, and the influence of NAFLD on the prognosis of breast
cancer has yet to be identified.
Many patients with breast cancer undergo long-term endocrine

therapy with tamoxifen and other selective estrogen receptor
modulators (SERMs) when the cancer expresses the estrogen
receptor (ER).[14] Importantly, endocrine therapy is associated not
only with the development of NAFLD but also with the
aggravation of pre-existing NAFLD.[15] Endocrine treatment
increases the risk of ALT elevation and the development of fatty
liver, which are usually reversed upon discontinuation of the drug.
Moreover, endocrine treatment-induced fatty liver disease and
liver injury may interfere with scheduled anti-estrogen therapy.
Therefore, identifying the association between NAFLD and
endocrine treatment in breast cancer patients would be important.
In this retrospective cohort study, we analyzed the prevalence

of NAFLD in patients with breast cancer in comparison to that in
healthy controls. Furthermore, we evaluated the effects of
NAFLD in patients with breast cancer on survival and recurrence.
2. Materials and methods

2.1. Patients and diagnosis

In this study, a totalof 1949newlydiagnosedbreast cancer patients
were consecutively enrolled at the Guro Hospital of the Korea
University Medical Center between January 2007 and September
2017. Male patients with breast cancer as well as women with
concurrent viable tumors, unverifiable steatosis, and those lost to
follow-up without evaluation and treatment were excluded from
analysis. Patients who had other chronic liver diseases such as
chronic viral hepatitis B/C, autoimmune hepatitis, and primary
biliary cholangitis, and who reported significant levels of alcohol
consumption (140g/week) were also excluded. All breast cancer
patientswere diagnosedbypathological confirmationusing biopsy
tissue or surgical specimens. The stage was determined by the
TNM staging system using the AJCC 7th Edition because most
patients were diagnosed before 2017 and treated using the AJCC
7th Edition criteria.[16] Significant liver injury was defined as ALT
greater than three times the upper limit of normal (ULN), bilirubin
greater than three times the ULN, or any hepatic decompensation.
Inpatientswithabnormal baselineALT, significant liver injurywas
defined as having more than three times the baseline level of ALT.
This study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the institutional
review board of Korea University Guro hospital (KUGH17210).
2.2. Evaluation of hepatic steatosis

Hepatic steatosis was evaluated through computed tomography
(CT) scan. In our center, all patients with breast cancer
2

underwent an abdominal CT scan for staging work-up; the
abdominal CT scan included a non-enhancement phase. We
measured the attenuation of the liver and spleen three times,
respectively. NAFLD was diagnosed when the mean attenuation
of the liver was lower than 40 Hounsfield Units (HU) or 10 HU
lower than that of the spleen.[17] Overall, 123 healthy controls
who underwent a non-enhanced CT scan were also analyzed.
2.3. Data collection

All data were collected retrospectively from medical records. The
demographic characteristics that were extracted included age,
past medical history of diabetes and hypertension (HTN), alcohol
consumption, height, body weight, and laboratory data at time of
diagnosis. The treatment modalities that patients received were
also obtained, including surgery, radiotherapy, chemotherapy,
and endocrine therapy. Recurrences were determined through
CT scan, magnetic resonance imaging (MRI), or biopsy. The last
follow-up date was determined by the patient’s final visit to the
hospital. Mortality status and date of death were assessed by
chart review, issuance of a death certificate, or from the database
of theMicroData Integrated Service provided by Statistics Korea.
2.4. Statistical analysis

The baseline characteristics of the patients were presented as
medians with interquartile ranges or frequencies (percentages), as
appropriate. The prevalence of diabetes, HTN, andNAFLDwere
compared using Pearson’s chi-square test, and the Mann–
Whitney U test was used for age, body mass index (BMI), and
laboratory data. For the analyses of overall survival, recurrence-
free survival, and cumulative incidence, Kaplan–Meier curves
were used and the results were compared by log-rank test. To
identify the significant prognostic factors for overall survival and
recurrence-free survival, we used univariate and multivariate
Cox’s regression analyses.
Propensity score matching (PSM) was used in the analysis of

the prevalence of NAFLD in the breast cancer patient group and
the control group. Several variables showing a significant
difference between breast cancer patients and controls were
assigned to PSM with logistic regression.
All statistical analyses were performed using SPSS version 24

(SPSS, Inc., Chicago, IL, USA). All reported p values were two-
tailed, and P value< .05 was considered to be statistically
significant.
3. Results

3.1. Baseline characteristics and prevalence of NAFLD

After excluding patients with other accompanying malignancies,
unverifiable liver or spleen HU, and chronic liver diseases
including chronic hepatitis B, chronic hepatitis C, autoimmune
hepatitis, excessive alcohol consumption, and liver cirrhosis, we
examined a total of 1587 patients with breast cancer were who
diagnosed and treated at the Korea University Guro hospital
between January 2007 and June 2017 (Supplemental Fig. 1,
http://links.lww.com/MD/D243). We compared the prevalence
of NAFLD in breast cancer patients with that in 123 controls who
underwent an abdominal CT scan as part of a routine health
checkup at the Korea University Guro Hospital over the same
period. Baseline characteristics are shown Table 1. Age, HTN
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Table 1

Baseline characteristics.
Total Propensity score matching

∗

Characteristics Control (n=123)
Breast cancer
(n=1587) P value Control (n=123)

Breast cancer
(n=123) P value

Age, median (IQR), year 55 (50–64) 50 (44–58) <.001 55 (50–64) 56 (48–65) .779
BMI, median (IQR), kg/m2 23.8 (21.6–26.3) 23.71 (21.85–26.22) .814 23.8 (21.6–26.3) 23.91 (21.99–26.01) .824
DM, No. (%) 20 (16.3) 184 (11.6) .124 20 (16.3) 22 (17.9) .735
HTN, No. (%) 44 (35.8) 406 (25.6) .013 44 (35.8) 51 (41.5) .359
Hb, median (IQR), g/dL 12.9 (11.9–13.7) 13.1 (12.3–13.8) .031 12.9 (11.9–13.7) 12.8 (12.0–13.7) .809
PLT, median (IQR), �103/mL 239 (196–278) 243 (210–283) .286 239 (196–278) 238 (212–279) .813
AST, median (IQR), IU/L 22 (19–29) 21 (18–25) .001 22 (19–29) 23 (19–28) .656
ALT, median (IQR), IU/L 19 (15–27) 15 (12–21) <.001 19 (15–27) 17 (13–24) .091
ALP, median (IQR), IU/L 67 (55–83) 64 (53–80) .195 67 (55–83) 70 (57–84) .446
Bilirubin, median (IQR), mg/dL 0.54 (0.41–0.79) 0.48 (0.37–0.66) .001 0.54 (0.41–0.79) 0.53 (0.40–0.73) .339
Albumin, median (IQR), g/dL 4.2 (4.1–4.4) 4.4 (4.2–4.5) <.001 4.2 (4.1–4.4) 4.2 (4.0–4.4) .907
PT, median (IQR), INR 0.98 (0.94–1.01) 0.96 (0.93–1.01) .093 0.98 (0.94–1.01) 0.97 (0.93–1.00) .323
BUN, median (IQR), mg/dL 14.2 (11.8–17.5) 13.0 (10.8–16.1) .001 14.2 (11.8–17.5) 14.7 (11.6–17.8) .950
Cr, median (IQR), mg/dL 0.61 (0.54–0.66) 0.61 (0.55–0.68) .473 0.61 (0.54–0.66) 0.63 (0.55–0.70) .150
Glucose, median (IQR), mg/dL 99 (93–111) 104 (95–117) .001 99 (93–111) 100 (91–110) .966
Cholesterol, median (IQR), mg/dL 182 (152–209) 188 (166–213) .030 182 (152–209) 183 (161–210) .427

ALP= alkaline phosphatase, ALT= alanine transaminase, AST=aspartate transaminase, BMI=body mass index, DM=diabetes mellitus, Hb=hemoglobin, HTN=hypertension, INR= international normalized
ratio, IQR= interquartile range, PLT=platelet, PT=prothrombin time.
∗
Age, HTN, Hb, AST, ALT, bilirubin, albumin, BUN, glucose, and cholesterol were matched.
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prevalence, and levels of hemoglobin, AST, ALT, total bilirubin,
albumin, BUN, glucose, and cholesterol significantly differed
between the control group and the breast cancer group. In breast
cancer patients, the prevalence of NAFLD was 15.8% (251 of
1587) and it was significantly higher than in the control group
(8.9%, 11 of 123) (P= .036) (Fig. 1A).
Because there were significant differences in several factors

between the control group and the breast cancer patients, we
matched the two groups using PSM in order to adjust for age,
HTN, hemoglobin, AST, ALT, total bilirubin, albumin, BUN,
Figure 1. Prevalence of NAFLD in breast cancer patients and controls. NAFLD
prevalence (A) before and, (B) after propensity score matching (PSM).

∗

indicates that the there is a significant difference in prevalence of NAFLD
between patients of breast cancer and control group (P< .05).

3

glucose, and cholesterol. According to PSM, 123 breast cancer
patients and 123 controls were matched (Table 1). Following
PSM, there was no remaining significant difference in any of the
variables. The difference in NAFLD prevalence was still
significant between the control group (8.9%, 11/123) and the
breast cancer patients (17.9%, 22/123) (P= .040) (Fig. 1B).
3.2. Overall survival was not influenced by the presence of
NAFLD in patients with breast cancer

Next, we compared the overall survival of breast cancer patients
with NAFLD and those without NAFLD. During the 120-month
follow-up period, overall survival did not significantly differ
between the NAFLD group (251 patients) and the non-NAFLD
group (1336 patients) (P= .304 by log-rank test) (Fig. 2A). The
median follow-up durations were 39.8 months in the non-
NAFLD group and 34.5 months in the NAFLD group. There
were 77 deaths in the non-NAFLD group and 18 deaths in the
NAFLD group during the follow-up period. The 5-year survival
rate was similar between the NAFLD group (90.2%) and the
non-NAFLD group (93.0%). The NAFLD group showed a
significantly higher age, BMI, and prevalence of diabetes and
HTN than did the non-NAFLD group (Supplemental Table 1,
http://links.lww.com/MD/D243). The levels of hemoglobin,
platelets, AST, ALT, ALP, PT, and glucose also significantly
differed between the two groups. In terms of cancer characteristics,
the distributions of cancer stages also showed significant differ-
ences. The expression of ER, progesterone receptor (PR), and
HER2 did not show significant difference between the NAFLD
group and the non-NAFLD group. Non-NAFLD patients received
more tamoxifen treatment than NAFLD patients.
In univariate analysis, age, presence of diabetes and HTN,

levels of hemoglobin, platelet, AST, ALP, albumin, PT, BUN,
glucose, CA 15-3, tumor stage, and endocrine therapy had higher
hazard ratios (HR) for survival (Supplemental Table 2, http://
links.lww.com/MD/D243). In multivariate analysis, age (HR
1.035, 95% CI 1.010–1.061; P= .005), presence of DM (HR
1.917, 95% CI 1.018–3.609; P= .044), platelets (HR 1.003,
95% CI 1.000–1.006; P= .039), cancer stage (P< .001), and
endocrine therapy (P< .001) were all related to survival.
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Figure 2. Kaplan–Meier curves for overall survival (A) and recurrence-free survival (B).
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3.3. Breast cancer patients with NAFLD had more
frequent recurrence than those with non-NAFLD after
curative surgery

Among the 1496 patients with breast cancer that received
curative surgery, 235 patients had NAFLD whereas 1261
patients did not. Demographic characteristics, laboratory data,
and tumor characteristics showed some differences between the
two groups (Supplemental Table 1, http://links.lww.com/MD/
D243). Recurrence-free survival was significantly higher in the
non-NAFLD group compared than in the NAFLD group
(P= .009 by log-rank test) (Fig. 2B). The median follow-up
durations were 38.0 months in the non-NAFLD group and 31.8
months in the NAFLD group. During the follow-up period, there
were 106 recurrences in the non-NAFLD group and 31
recurrences in the NAFLD group. Five-year recurrence rate
was higher in the NAFLD group (20.4%) than in the non-
NAFLD group (11.2%).
According to univariate analysis, albumin, CA 15-3, cancer

stage, endocrine therapy, and presence of NAFLD were all
significant factors for recurrence after curative surgery (Table 2).
Multivariate analysis included diabetes, levels of hemoglobin,
platelet, ALP, albumin, CA 15-3 expression, cancer stage,
endocrine therapy, and presence of NAFLD. Of these, albumin
(HR 0.380, 95% CI 0.188–0.768; P= .007), cancer stage
(P< .001), endocrine therapy (P< .001), and presence of NAFLD
(HR 1.581, 95% CI 1.038–2.410; P= .033) were significant
factors for recurrence after curative surgery (Table 2).
3.4. Endocrine therapy, especially tamoxifen, induced
significant liver injury

Next, we analyzed the cumulative incidence of significant liver
injury in breast cancer patients during endocrine treatment. The
NAFLD group had an increased cumulative incidence of
significant liver injury compared to the non-NAFLD group
(P< .001 by log-rank test) (Fig. 3A). When we stratified patients
4

into two groups as the tamoxifen-treated group and the other
drug-treated group, NAFLD patients showed an increased
incidence of significant liver injury in both groups (Fig. 3B and
C). When we compared the incidence of significant liver injury
between tamoxifen-treated patients withNAFLD and other drug-
treated patients with NAFLD, the cumulative incidence of
significant liver injury increased in the tamoxifen-treated group
compared with the other drug-treated group (P< .001 by log-
rank test) (Fig. 3D). Of the 62 total patients with significant liver
injury during endocrine treatment, 37 patients suspended
endocrine therapy and only seven discontinued endocrine
therapy permanently. In the 37 patients who had their endocrine
treatment interrupted, only three patients experienced recurrence
of breast cancer.

4. Discussion

Advances in imaging technology and treatment modalities for
breast cancer have led to reductions in mortality in patients with
breast cancer. However, breast cancer is still the most frequent
cancer and a main cause of mortality in women.[6] NAFLD is also
a disease in which prevalence is rapidly increasing worldwide.[18]

Therefore, the prevalence of breast cancer and NAFLD are likely
closely related, and NAFLDmay represent an important factor in
the development or outcomes of breast cancer. In this large-scale,
retrospective cohort study, we found that NAFLD is very
frequent in patients with breast cancer and is related to a higher
recurrence after curative surgery.
Some studies have previously reported a high prevalence of

NAFLD in patients with breast cancer. However, the small
number of patients enrolled in these studies limited the strength of
these findings.[12,13] In this study, we evaluated 1587 newly
diagnosed breast cancer patients and compared the prevalence of
NAFLD between these patients and healthy controls over the
same period. The prevalence of NAFLD was found significantly
higher in patients with breast cancer than in healthy controls.
Moreover, this significance was maintained after PSM. Several
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Table 2

Univariate and multivariate analyses for recurrence.

Variables
Univariate
HR (95% CI) P value

Multivariate
HR (95% CI) P value

Age 0.991 (0.975–1.008) .308 — —

BMI 1.008 (0.958–1.061) .757 — —

DM 1.546 (0.987–2.420) .057 1.369 (0.856–2.190) .190
HTN 0.734 (0.482–1.118) .149 — —

Hb 0.884 (0.776–1.007) .064 0.896 (0.775–1.035) .135
PLT 1.002 (1.000–1.005) .090 1.001 (0.998–1.004) .371
AST 1.003 (0.985–1.022) .718 — —

ALT 1.005 (0.994–1.015) .378 — —

ALP 1.007 (0.999–1.014) .077 1.005 (0.997–1.013) .260
Bilirubin 1.136 (0.583–2.214) .708 — —

Albumin 0.327 (0.173–0.620) .001 0.380 (0.188–0.768) .007
PT (INR) 2.493 (0.205–30.346) .474 — —

BUN 0.985 (0.948–1.024) .454 — —

Cr 0.948 (0.480–1.872) .877 — —

Glucose 0.997 (0.990–1.005) .484 — —

Cholesterol 1.000 (0.996–1.005) .866 — —

CA 15–3 1.009 (1.001–1.016) .020 0.999 (0.989–1.009) .801
Stage (vs IIIC)

∗
<.001 <.001

0 0.232 (0.080–0.668) .007 0.241 (0.082–0.708) .010
IA 0.099 (0.056–0.175) <.001 0.120 (0.067–0.215) <.001
IB 0.079 (0.011–0.583) .013 0.122 (0.016–0.916) .041
IIA 0.144 (0.082–0.253) <.001 0.144 (0.081–0.256) <.001
IIB 0.211 (0.112–0.398) <.001 0.230 (0.120–0.443) <.001
IIIA 0.479 (0.276–0.830) .009 0.466 (0.266–0.816) .008
IIIB 0.361 (0.191–0.681) .002 0.393 (0.205–0.752) .005
Endocrine therapy (vs no therapy) <.001 <.001
Tamoxifen 0.472 (0.319–0.699) <.001 0.527 (0.351–0.791) .002
Others 0.354 (0.233–0.539) <.001 0.387 (0.253–0.594) <.001

HER2 1.096 (0.783–1.535) .592 — —

NAFLD 1.698 (1.137–2.536) .010 1.581 (1.038–2.410) .033

ALP= alkaline phosphatase, ALT= alanine transaminase, AST= aspartate transaminase, BMI=body mass index, DM=diabetes mellitus, ER=estrogen receptor, Hb=hemoglobin, HTN=hypertension, INR=
international normalized ratio, NAFLD=nonalcoholic fatty liver disease, PLT=platelet, PR=progesterone receptor, PT=prothrombin time.
∗
Each stage was compared with stage IIIC.
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metabolic diseases are related to the development of NAFLD,
such as obesity, diabetes, and HTN.[1] Because breast cancer is
also known to be associated with obesity and diabetes, it is
plausible that the prevalence of NAFLD is increased in patients
with breast cancer.
Although liver biopsy is the gold standard for diagnosis of

NAFLD, there are several limitations to perform liver biopsy in
all patients with suspected NAFLD, such as cost, inconvenience,
sampling error, inter- and intra-observer variability, and
invasiveness.[19] There have been many attempts to evaluate
hepatic steatosis through imaging studies including sonography,
CT scan, and MRI.[20] Among them, CT scan evaluates hepatic
steatosis using HU and is a more objective method for measuring
hepatic steatosis than sonography, which is operator depen-
dent.[21,22] Because all breast cancer patients routinely underwent
CT scan for staging work-up, it is optimized for the evaluation of
hepatic steatosis in patients with breast cancer. Herein, NAFLD
was diagnosed when the mean attenuation of the liver was lower
than 40 HU or 10 HU lower than that of the spleen.[23,24] The
major limitation of this method is the low accuracy in the
diagnosis of mild hepatic steatosis,[24] thus, the prevalence of
NAFLD in our control group (8.9%) was lower than the global
prevalence (25.24%).[1] Boyce et al reported a 6.9% prevalence
of hepatic steatosis using CT, determined as liver attenuation
�40 HU.[25] More accurate methods are needed in order to
identify mild steatosis in further study.
5

NAFLD is associated with many other non-liver-related
diseases as it is not only a risk factor for obesity, type 2 diabetes,
dyslipidemia, metabolic syndrome, and polycystic ovary syn-
drome, but also associated with other adverse outcomes
including cardiovascular disease and extra hepatic cancer.[26]

Long-term outcomes of NAFLD patients have been reported to
be poor, showing lower overall survival, and elevating liver-
related mortality and other comorbidities.[3] Rosato et al
reported that metabolic syndrome significantly increased the
risk of breast cancer in postmenopausal women.[27] Although
that study did not analyze the risk of breast cancer according to
the presence of NAFLD, other metabolic components, including
obesity, diabetes, hypertension, and waist circumference ≥88cm,
increased the risk of breast cancer, meaning that the correlation
between breast cancer and NAFLD could be suggested from its
findings. Cancer development in patients with NAFLD may be
associated with a bidirectional interaction between NAFLD and
metabolic syndrome, although the exact mechanism of this
interaction remains unclear.[5] A more recent study reported that
sonography-diagnosed NAFLD was associated with the devel-
opment of breast cancer in women.[28] Our results showed a
significantly increased prevalence of NALFD in patients with
breast cancer compared to healthy controls. Therefore, NALFD
is considered a risk factor for the development of breast cancer
and one of the more common comorbidities in patients with
breast cancer.

http://www.md-journal.com


Figure 3. Kaplan–Meier curves for cumulative incidence of significant liver injury in patients receiving endocrine therapy after curative surgery. (A) All patients treated
with endocrine therapy. (B) Patients treated with tamoxifen. (C) Patients treated with other endocrine drug. (D) NAFLD patients treated with endocrine therapy.
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Berrino et al reported that metabolic syndrome is an important
prognostic factor in patients with breast cancer.[29] A number of
metabolic syndrome components have been associated with
breast cancer recurrence, particularly hypertriglyceridemia and
low HDL. Our study also found that NAFLD is a significant
prognostic factor of the recurrence of breast cancer after curative
surgery, although it was not a significant factor in overall
survival. This inconsistency might be due to the close surveillance
of breast cancer recurrence after surgery and the advancement of
imaging modalities. Indeed, most patients with recurrence had
undergone curative resection, and some patients had undergone
surgery three times. Nevertheless, NAFLD patients showed a
tendency of lower overall survival than non-NAFLD patients
without statistical significance. Therefore, breast cancer patients
with NAFLD might require more careful surveillance for
recurrence after surgery thando thosewithno evidenceofNAFLD.
Endocrine therapy is a major treatment modality of ER-

positive cancer.[14] In patients with ER-positive tumors, 5-year
treatment of tamoxifen or an aromatase inhibitor significantly
increased overall survival and reduced recurrence after surgery in
6

patients with early stage breast cancer.[30] However, tamoxifen is
associated with other side effects including endometrial cancer,
pulmonary embolism, deep vein thrombosis, hot flushes, and
hepatic steatosis.[15] Tamoxifen induces or aggravates hepatic
fatty liver by elevating serum triglycerides, interfering with
b-oxidation, and suppressing estrogen synthesis.[15] In this study,
1496 breast cancer patients were treated with surgery, and of
these, 1102 patients received endocrine therapy after surgery,
consisting of 524 patients treated with tamoxifen and 578 treated
with other drugs. Among these 1102 patients, 62 patients
experienced significant liver injury during endocrine treatment.
Significant liver injury was more frequent in patients with
NAFLD. Among patients with NAFLD, tamoxifen significantly
increased the risk of transaminase elevation compared to other
endocrine drugs. Therefore, more attention should be paid to
transaminase abnormalities in patients with NAFLD undergoing
endocrine treatment, especially in the case of tamoxifen
treatment. However, most patients that experienced significant
liver injury temporarily discontinued endocrine treatment in
response. Of these 37 patients who discontinued endocrine
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therapy due to significant liver injury, breast cancer recurred in
only three patients. This finding indicates that short term
interruption of endocrine therapy is not a significant factor for
breast cancer recurrence.
This study has several limitations. Amajor limitation is that this

is retrospective study, which may lead to a lack of information
regarding medical history and laboratory data. However, most
breast cancer patientswere admitted to the hospital repeatedly and
their medical records were sufficiently detailed.We also conducted
an extensive reviewof patientmedical charts in order to ensure that
there were no missing records. Secondly, there is a possibility that
underling liver disease may have induced hepatic steatosis. To
avoid this bias, we excluded patients with underlying liver disease,
especially patients with a history of alcohol abuse, using records
from both doctors and a nurses. Finally, hepatic steatosis was
evaluated through CT scanning, which may be slightly inaccurate
in the mild stage of steatosis. In future studies, more accurate
assessment methods should be preferred, such as controlled
attenuation parameters, MRI-estimated proton density fat
fraction, and MR spectroscopy.
In conclusion, the prevalence ofNAFLD is significantly higher in

breast cancer patients than in healthy controls. Moreover, the co-
existence of NALFD in patients with breast cancer may be an
important prognostic factor for tumor recurrence after curative
surgery. Although it is hard to reach a definitive conclusion on
the basis of thepresent results, interdisciplinary expertise should be
considered to determine the presence of NAFLD in patients with
breast cancer. In addition, patients with NAFLD needed stricter
evaluation of recurrence andmanagement ofmetabolic syndrome.
Further studies regarding therapeutic interventions are necessary
to improve prognosis in breast cancer patients with NAFLD.
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