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Aim: The positive energy balance and insulin resistance
caused by weight gain, physical inactivity, poor dietary qual-
ity are linked to a decreased breast cancer (BC)-specific sur-
vival. The aim of the present study was to assess whether
or not hepatosteatosis, which reflect underlying insulin resis-
tance, has a predictive value on recurrence in patients with
nonmetastatic BC.

Material method: All diagnosed nonmetastatic BC patients
between 2005 and 2016 were included in this retrospective
analysis. Patients’ medical characteristics included for anal-
ysis were age, menopausal status, presence of obesity, di-
abetes, dyslipidemia, and tumor features. Liver parenchyma
was evaluated by ultrasonography, and then patients divided
into 2 groups according to final follow-up findings; group
1: without hepatosteatosis or presence of grade 1 steatosis;
group 2: presence of grades 2 and 3 hepatosteatosis. Survival
distributions were estimated with the Kaplan-Meier method
and compared between groups with the log-rank statistic.
Results: Four hundred twenty-four patients included in this
study. The median follow-up period of all patients was 6.7
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years (range, 0.6-13 years). The mean age was 48.2 + 0.5
years. Of total, 154 (36.3%) patients experienced recurrence.
In total, 171 (40.6%) patients had grades 2 and 3 hep-
atosteatosis, and the remaining had no, or grade 1 hep-
atosteatosis during last follow-up or at recurrence. The clini-
copathologic characteristics of the participants were well bal-
anced between the 2 groups. Younger age (odds ratio [OR]:
2.19; 95% confidence interval [CI]: 1.3-3.8, P = 0.005), and
higher tumor stage (OR: 7.52; 95% CI: 1.2-48.5, P = 0.035
for stage la vs stage IIIC) were associated with recurrence of
BC during the entire follow-up in multivariate analysis. Hep-
atosteatosis predicted late recurrence after 5 years in non-
metastatic BC after adjusted for age, diabetes, tumor stage,
grade, and luminal type (OR: 2.45; 95% CI: 1.1-5.6, P = 0.034)
and the hazard ratio was 0.40 (95% CI: 0.18-0.88, P = 0.023
adjusted value) for relapse-free survival after 5 years.
Conclusion: Higher degree of hepatosteatosis may predict re-
currence after 5 years in BC survivors.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Hepatosteatosis (fatty liver) is a very common disease worldwide, which is easily diagnosed
with ultrasonography. Obesity and insulin resistance are 2 major risk factors for fatty liver ex-
cept for the patients with heavy alcohol consumption and hepatitis C. Although the underlying
mechanism of hepatosteatosis is not fully clarified, the chronic low-grade inflammatory state ac-
companying obesity, and the increased levels of leptin, which is a proinflammatory and proan-
giogenic cytokine, can lead to accumulation of fat in the liver.! Cholesterol overload in the liver
leads to oxidative distress and mitochondrial changes, which may render damaged hepatocytes
proliferative and resistant to cell death named as apopitosis.? In addition to obesity, hyperin-
sulinemia and insulin-like growth factor (IGF) may promote the development of cancer by ac-
tivating inflammation, oxidative stress, and various oncogenic pathways.> Weight loss, increas-
ing physical activity, and choosing a healthy diet are among the recommendations to reverse
hepatosteatosis and insulin resistance. Thus, existence of fatty liver may reflect the unhealthy
lifestyle or insulin resistance and can allow the clinician to be alert to question the etiologic
causes of fatty liver during follow-up of cancer survivors.

For patients with newly diagnosed, nonmetastatic breast cancer, the following clinicopatho-
logic features have been classically used to determine prognosis in routine practice; age, tumor
size, nodal involvement, tumor morphology, histologic grade, peritumoral lymphovascular inva-
sion (LVI), tissue markers, including estrogen receptor and progesterone receptor status, human
epidermal growth factor receptor-2 (HER2) status, and luminal subtypes.*> Additionally, a grow-
ing body of evidence suggests that energy balance is also strongly associated with increasing risk
of developing breast cancer. A positive energy balance caused by weight gain, physical inactivity,
poor dietary quality, and the metabolic syndrome, also known as insulin resistance syndrome, is
linked to decreased overall and cancer-specific survival in patients with breast cancer at diagno-
sis.510 On the other hand, it is a big question whether making lifestyle changes after diagnosis
improves breast cancer outcomes or no. Although some evidence suggests that dietary modifi-
cations, weight loss, and increased physical activity can improve breast cancer outcomes, there
have been inconsistent results, and no strong evidence is available.""'2 We think that assess-
ment of lifestyle changes items as a whole is hard for a long term and evaluation parameter is
lacking about this matter. Hepatosteatosis can be a tool that warns the physician by reflecting
the unhealthy lifestyle or pathologies underlying insulin resistance. Effect of traditional prog-
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nostic parameters on recurrence of BC is generally excepted to be predominantly in early period
while lifestyle changes may have effect on late recurrence. In this regard, we hypothesize that
the presence of hepatosteatosis, which can be a tool for indicating the unhealthy lifestyle status,
may predict the late recurrence of breast cancer.

Materials and methods
Study design

This was a single-center retrospective study at Gaziantep University Hospital in Turkey. It was
approved by the Institutional Ethics Committee and conducted in compliance with the ethical
principles according to the Declaration of Helsinki.

Primary aim of the study was to identify the predictive impact of hepatosteatosis on the
recurrence-free survival and disease recurrence rate in nonmetastatic breast cancer.

Its secondary end-point was to evaluate effect of the parameters on recurrence-free survival
and disease recurrence rate after 5 years in nonmetastatic breast cancer.

Patients and treatments

All newly diagnosed nonmetastatic and operated breast cancer patients between December
2005 and December 2016 at the Gaziantep University were included in this retrospective anal-
ysis. We excluded patients with metastatic disease or any other malignancy. We included pa-
tients who were treated with neoadjuvant or adjuvant chemotherapy, but all patients underwent
surgery. Patient’s clinicopathologic data were recorded. The study involved the patients in patho-
logic stages Ia to Illc according to the eighth edition of American Joint Committee on Cancer
Tumor-Node-Metastasis classification. The clinical features analyzed were age, menopausal sta-
tus, presence of obesity, diabetes and hyperlipidemia, tumor features, including histologic type;
nuclear grade, estrogen and progesterone receptors, HER2 overexpression, stage, luminal types,
LVI, and perineural invasion. Body mass index (BMI) was calculated as weight (kg)/height? (m?)
at diagnosis, and patients were classified into 2 categories: BMI <30.0 kg/m? and BMI >30.0
kg/m2, which was categorized as obese. As there are many causes for hepatic steatosis other
than lifestyle, the most common etiologic causes such as diabetes, dyslipidemia, and hepati-
tis C were also clarified and analyzed during follow-up. Four cycles of anthracyclines followed
by taxanes with or without 5-fluorouracil/carboplatin were the chemotherapy regimen adminis-
tered in most of the patients according to their stage and pathologic subtypes. Anti-HER2 and
endocrine therapies were added to chemotherapy if indicated. All patients were in remission
when they completed their adjuvant chemotherapy. Forty-three of patients (10.1%) were treated
only endocrine therapy. Patients were followed up every 3 months for first 2 years, then every
6 months up to 5 years, then annually with ultrasonography. Liver parenchyma was evaluated
by ultrasonography. Patients were divided into 2 groups according to final follow-up findings;
group 1: without hepatosteatosis, or presence of grade 1 steatosis; group 2: presence of grade
2 or 3 hepatic steatosis. Because ultrasonography is operator dependent and degree of steatosis
may be changeable, we evaluated the average of last 3 ultrasonography finding to assess degree
of hepatosteatosis and assessed under 2 categories (0-1 vs 2-3).

Statistics

Clinical characteristics were compared between grades 2 and 3 hepatosteatosis group and
grade 1 hepatosteatosis and without hepatosteatosis groups with the chi-square test. Quanti-
tative variables were described as means with standard deviation), while qualitative variables
were summarized as frequencies with proportions. Median follow-up was calculated as the me-
dian observation time among all patients. Recurrence-free survival was calculated from the start
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of treatment to the date of disease recurrence or last follow-up. Survival distributions were esti-
mated with the Kaplan-Meier method and compared between groups with the log-rank statistic
for group of hepatosteatosis.

All parameters were assessed by binary logistic regression analysis to predict the patients
who have experienced recurrence for any time and after 5 years recurrence. Then, all potential
predictive factors with a probability value of <0.10 on univariate analyses were included in the
multivariate binary logistic regression analysis.

P values of less than or equal to 0.05 were considered statistically significant and statistical
analyses were carried out using the statistical software package SPSS 22.0.

Results

Four hundred twenty-four patients included in this study. Median follow-up among all pa-
tients was 6.7 years (range, 0.6-13 years). The mean age was 48.2 + 0.5 years. Among all pa-
tients, 154 patients (36%) were in stage III, 149 patients (35.1%) had obesity, 19 patients (4.7%)
had diabetes, and 28 patients (6.6%) had hyperlipidemia. Of total, 154 (36.3%) patients have ex-
perienced recurrence. Of the 424 patients included in this analysis, 171 (40.6%) patients had
grades 2 and 3 hepatosteatosis and remaining had no, or grade 1 hepatosteatosis at the last
follow-up or at recurrence time. The clinical and pathologic characteristics of the participants
were well balanced between the 2 groups (Table 1). Previous breast cancer therapies were
comparable in 2 groups. As chemotherapy and endocrine therapies may have a role on hep-
atosteatosis, these therapies were well balanced between 2 groups. As expected, incidence of
obesity at diagnosis and diabetes at last follow-up were higher in patients with high-grade
hepatosteatosis.

Estimates of the cumulative and beyond 5 years rates of recurrence by clinical and pathologic
parameters of patients according to hepatosteatosis grade are shown in Table 2. The cumulative
incidence and incidence of recurrence after 5 years curves are shown in Figures 1 and 2, re-
spectively. While younger age (<40 vs >40), higher tumor grade, and stage, presence of LVI,
presence of diabetes, and higher hepatosteatosis grades affected the cumulative recurrence rate
in univariate analysis, younger age (odds ratio [OR]: 2.19; 95% confidence interval [CI]: 1.3-3.8,
P = 0.005) and higher tumor stage (when we evaluated that stage 1a disease was as reference,
OR was 1.21, 1.57, 2.37, 2.98, 6.05, and 7.52 for stage 1b, 2a, 2b, 3a, 3b, and 3c, respectively, and
OR was 7.52; 95% CI: 1.2-48.5 for stage 1a vs stage 3¢, P = 0.034) were independent predictive
parameters in multivariate logistic regression model. When the recurrence rate after 5 years was
analyzed; among all clinicopathologic parameters, only hepatosteatosis was found to be associ-
ated with higher recurrence rate in univariate analysis (OR: 2.18; 95% CI: 1.0-4.7, P = 0.049) and
after adjusted for diabetes, age, tumor grade, stage, and luminal types (OR: 2.45; 95% CI: 1.1-5.6,
P = 0.034).

For relapse-free survival—the primary endpoint—the hazard ratio of an event in without hep-
atosteatosis and grade 1 hepatosteatosis group compared with grades 2 and 3 hepatosteatosis
group was 0.85 (95% CI: 0.60-1.19; Fig 1, P=0.85 for adjusted Cox model analysis). The influence
of hepatosteatosis was examined based on age, tumor grade, stage, luminal types, and diabetes
by using adjusted Cox model.

For relapse-free survival after 5 years—the secondary endpoint—the hazard ratio of an event
in without hepatosteatosis and grade 1 hepatosteatosis group compared with the grades 2 and 3
hepatosteatosis group was 0.40 (95% CI: 0.18-0.88; Fig 2, P=0.023 for adjusted Cox model anal-
ysis). The influence of hepatosteatosis was analyzed based on age, tumor grade, stage, luminal
types, and diabetes by using adjusted Cox model.

Discussion

The aim of the present study was to assess whether the hepatosteatosis have a predic-
tive value on recurrence in patients with nonmetastatic breast cancer. We revealed that while
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Table 1
Patients’ demographic and clinicopathologic features.

Parameters Grades 2 and 3 hepatosteatosisN (%) Without hepatosteatosis or grade 1N (%) P

Age
<40 38 (22.1) 70 (28.2) 0.16
>40 134 (77.9) 178 (71.8)

Menopausal status
Premenopausal 87 (50.6) 135 (54.9) 0.38
Postmenopausal 85 (49.4) 111 (45.1)

ER
Positive 132 (76.7) 180 (72.6) 0.33
Negative 40 (23.3) 68 (27.4)

PR
Positive 126 (73.3) 171 (69.0) 0.34
Negative 46 (26.7) 77 (31.0)

HER2
Positive 46 (26.7) 71 (28.6) 0.67
Negative 126 (73.3) 177 (71.4)

Histologic grade
1 12 (7.0) 22 (8.9) 0.71
2 87 (50.6) 128 (51.6)
3 73 (42.4) 98 (39.5)

Genotype
Luminal A 51 (29.7) 67 (27.0) 0.80
Luminal B 64 (37.2) 86 (34.7)
Luminal B HER2+ 33 (19.2) 57 (23.0)
HER2+ 12 (7.0) 16 (6.5)
Triple negative 12 (7.0) 22 (8.9)

Pathologic subtype
IDC 157 (91.3) 229 (92.3) 0.58
ILC 7 (41) 12 (4.8)
Other 8 (4.7) 7 (2.8)

LVI
Presence 36 (45.6) 57 (48.7) 0.67
Absence 43 (54.4) 60 (51.3)

PNI
Presence 7 (9.0) 17 (14.9) 0.22
Absence 71 (91.0) 97 (85.1)

Stage*
la 7 (4.1) 13 (5.2) 0.44
1b 25 (14.5) 47 (19.0)
2a 54 (31.4) 56 (22.6)
2b 24 (14.0) 40 (16.1)
3a 15 (8.7) 29 (11.7)
3b 38 (22.1) 52 (21.0)
3c 9(5.2) 11 (44)

Chemotherapy
Received 157 (91.8) 218 (88.3) 0.24
None 14 (8.2) 29 (11.7)

Endocrine therapy
Tamoxifen 32 (18.6) 52 (21.0) 0.25
Tamoxifen + LHRH 29 (16.9) 55 (22.2)
Tamoxifen then Al 40 (23.3) 45 (18.1)
Al 56 (32.6) 66 (26.6)
Triple negative 15 (8.7) 30 (11.1)

Diabetes
Present 18 (10.5) 1(04) <0.001
Absent 154 (89.5) 247 (99.6)

Obesity (BMI)
<30 62 (44.0) 129 (64.2) <0.001
>30 79 (56.0) 72 (35.8)

Hyperlipidemia
Present 14 (10.7) 14 (8.1) 0.45
Absent 117 (89.3) 158 (91.9)

Al, aromatase inhibitor; BMI, body mass index; CI, confidence interval; ER, estrogen receptor, HR, hazard ratio; IDC, inva-
sive ductal carcinoma; ILC, invasive lobular carcinoma; LHRH, luteinizing hormone-releasing hormone receptor agonist;
LVI, lymphovascular invasion; PNI, perineural invasion; PR, progesterone receptor.

* According to eighth version American Joint Committee on Cancer (AJCC) TNM staging system.
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Table 2
Relationship of patients’ clinicopathologic features and recurrence rate.
Total recurrence rates Recurrence rate after 5 years P
Univariate analysis Multivariate analysis Univariate analysis

Parameters OR (95% CI) P OR (95% CI) P OR (95% CI)

Age
<40 1.92 (1.2-3.0) 0.004 2.19 (1.3-3.8) 0.005 1.61 (0.7-3.7) 0.27
>40 1 (ref) 1 (ref) 1 (ref)

Menopausal status
Premenopausal ~ 1.24 (0.8-1.9) 0.30 1.56 (0.7-3.4) 0.26
Postmenopausal 1 (ref) 1 (ref)

ER
Positive 1 (ref) 0.51 1 (ref) 0.29
Negative 1.16 (0.7-1.8) 1.57 (0.7-3.6)

PR
Positive 1 (ref) 0.96 1.06 (0.5-2.4) 0.89
Negative 1.01 (0.7-1.6) 1 (ref)

HER2
Positive 1 (ref) 0.95 1 (ref) 0.48
Negative 1.01 (0.7-1.6) 1.38 (0.57-3.4)

Histologic grade
1 1 (ref) 0.37 1 (ref) 0.08 1 (ref) 0.65
2 2.67 (1.1-6.7) 0.03  0.69 (0.2-2.1) 1.8 (0.4-8.3)
3 2.81(11-7.2) 1.66 (0.9-2.9) 1.3 (0.3-6.5)

Genotype
Luminal A 1 (ref) 0.72 1 (ref) 0.92
Luminal B 0.91 (0.6-1.5) 0.82 0.93 (0.4-2.4)
Luminal B HER2+ 1.07 (0.6-1.9) 0.71 0.7 (0.2-2.1)
HER2+ 0.85 (0.6-2.0) 0.79 0.96 (0.2-4.9)
Triple negative 1.11 (0.5-2.4) 1.44 (0.3-5.9)

Pathologic

subtype 1.64 (0.4-6.6) 0.49
IDC 1 (ref)
ILC
Other

LVI
Absent 1 (ref) 0.02f 1 (ref) 0.92
Present 2.00 (1.11-3.61) 1.06 (0.3-3.3)

PNI
Absent 1 (ref) 0.46 1 (ref) 0.52
Present 0.70 (0.27-1.79) 0.50 (0.1-4.1)

Stage
1a 1 (ref) 023 1 (ref) 088 1 (ref) 0.77
1b 2.57 (0.5-12.3) 0.11 121 (0.2-6.4) 0.58 1.6 (0.2-14.4)
2a 3.44 (0.7-15.7) 0.09 157 (03-7.9) 031 1.6 (0.2-14.1)
2b 3.80 (0.8-18.0) 0.019 2.37 (0.5-12.6) 021 2.2 (0.2-20.0)
3a 6.58 (14-31.8) 0.002 2.98 (0.5-16.7) 0.028 3.8 (0.4-37.3)
3b 11.3 (2.5-514) 0.002 6.05 (1.2-30.1) 0.034 3.02 (0.3-26.6)
3c 14.6 (2.7-80.5) 7.52 (1.2-48.5) 2.7 (0.1-49.7)

Hepatosteatosis

Without or grade 1 1 (ref) 0.048 1 (ref) 012 1 (ref) 0.049
Grade 2 or 3 1.50 (1.0-2.3) 1.49 (0.9-2,5) 2.18 (1.0-4.7) 0.034

Hepatosteatosis* 1 (ref)
Without or grade 245 (1.1-5.6)
1 grade 2 or 3

Diabetes
Absent 1 (ref) 0.012 1 (ref) 0.098 1 (ref) 0.92
Present 3.38 (1.3-8.8) 2.68 (0.8-8.6) 1.1 (0.1-9.4)

Obesity (BMI)
<30 1 (ref) 0.51 1 (ref) 0.27
>30 0.86 (0.6-1.4) 1.65 (0.7-4.1)

BMI, body mass index; CI, confidence interval; ER, estrogen receptor, IDC, invasive ductal carcinoma; ILC, invasive lobular
carcinoma; LVI, lymphovascular invasion; OR, odds ratio; PNI, perineural invasion; PR, progesterone receptor.

* adjusted for diabetes, age, tumor grade, and stage.

T PNI was not included in multivariate analysis due to lack of information of almost half of patients.
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Fig. 1. Kaplan-Meier estimates of relapse-free survival for all time. Hazard ratio (HR) and 95% confidence interval (CI)
were calculated from adjusted Cox proportional hazard model comparisons of grades 2 and 3 hepatosteatosis to absent
and gradel hepatosteatosis adjusted for age, stage, tumor grade, luminal types, and diabetes.

younger age, and higher tumor stage were associated with recurrence of breast cancer for whole
follow-up period in multivariate analysis, only hepatosteatosis predicted the recurrence after 5
years in nonmetastatic breast cancer. Hepatosteatosis mostly reflects the pathologies underly-
ing the insulin resistance after excluding diseases specific to liver. Insulin resistance, a signature
characteristic of metabolic syndrome, has been associated with a poorer survival in cancer.!
Elevated insulin can cause decreased levels of IGF-binding proteins and increased IGF-I synthe-
sis, which regulates cellular growth. Thus the phosphatidylinositol 3’-kinase and mitogen acti-
vated protein kinase pathways are induced and eventually result in inhibition of apoptosis.'*
Goodwin et al indicated that the recurrence risk of breast cancer in patients with higher fast-
ing insulin levels was increased when compared to the lowest.!> Additionally, other metabolic
hormones, such as adipokines leptin and adiponectin, and presence of diabetes have been found
to be associated with poor outcomes in patients with early-stage breast cancer.!>!® A grow-
ing evidence suggested that obesity and positive energy balance which are the most significant
causes of insulin resistance have been linked to outcomes in several cancers, including breast,
endometrial, prostate, and colorectal cancer at diagnosis.!” Although most research focused on
the impact of lifestyle modification at the time of cancer diagnosis, only a few studies eval-
uated this effect in the follow-up period. We hypothesized that degree of hepatosteatosis in
the final follow-up of patients can reflect the lifestyle of survivors, since hepatosteatosis is re-
lated to many parameters, including dietary content (heavy fat and carbohydrate diet), physi-
cal inactivity, obesity, and diabetes. The present study, severity of hepatosteatosis in the final
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Fig. 2. Kaplan-Meier estimates of relapse-free survival for after 5 years follow-up period. Hazard ratio (HR) and 95%
confidence interval (CI) were calculated from adjusted Cox proportional hazard model comparisons of grades 2 and 3
hepatosteatosis to absent and gradel hepatosteatosis adjusted for age, stage, tumor grade, luminal types, and diabetes.

follow-up was found to be related to the recurrence after 5 years in early-breast cancer after
adjusted for age, diabetes, tumor stage, and grade. (OR: 2.45; 95% CI: 1.1-5.6, P = 0.034). It can
be speculated that lifestyle changes may be more effective for late period recurrence of breast
cancer.

There have been some studies separately assessing relationship between lifestyle changes,
including weight loss, calorie or fat restriction, physical activity, and cancer-specific survival. Re-
striction of calories has been shown to decrease the cell proliferation and increase the apop-
tosis by antiangiogenic processes.”” WINS is the first large-scale randomized trial to evaluating
whether a dietary intervention can improve the clinical outcome of patients with breast cancer.
The WINS results indicated that a lifestyle intervention designed to reduce dietary fat intake
improved the recurrence-free survival in early stage breast cancer for the first 5 years (hazard
ratio: 0.76; 95% CI: 0.60-0.98, P=0.034 for adjusted Cox model analysis).”® On the other hand,
the adoption of a diet with a high percentage of vegetables, fruits, fiber, and low fat in the WHEL
study did not improve cancer-specific survival in patients with early breast cancer during a 7.3-
year follow-up period.'® When we evaluated these 2 large-scale studies, it can be concluded that
the independent effect of energy intake on cancer-specific survival may be difficult to evaluate
because obesity, diabetes and other metabolic syndrome parameters and physical activity may
an impact on breast cancer outcome.

Obesity at diagnosis has been found to be a risk factor for the development of new cases
of breast cancer, worse outcome, and a higher risk of recurrence.?’ According to a meta-



T. Kus, H.Y. Cinkir and G. Aktas et al./Current Problems in Cancer 43 (2019) 100461 9

analysis, relative risk of total mortality was 1.75 (95% Cl: 1.26-2.41) for premenopausal and
1.34 (95% CI: 1.18-1.53) for postmenopausal breast cancer.?! There are few studies showing the
relationship between weight loss after breast cancer diagnosis and disease outcomes. How-
ever, the effect of weight gain following diagnosis or weight loss on outcomes have not
been defined very well and there is no evidence that weight loss after diagnosis improves
survival.

Physical activity, one of the other lifestyle changes, provides a decrease in fat stores, free rad-
ical generation, insulin and IGF-I levels and inflammation, and has effects on immune function
positively and provides recovery on hepatosteatosis.!”” A large prospective cohort study found
that women who engaged in physical activity after the diagnosis of breast cancer may reduce
the risk of death from cancer with the greatest benefit in patients with hormone positive tu-
mor (hazard ratio: 0.50; 95% CI: 0.34-0.74).2% The another prospective cohort study assessed the
influence of physical activity on survival in both early and late postdiagnostic periods. It was
shown that physical activity has a significant benefit on survival regardless of the interval since
breast cancer diagnosis.>* A recently published meta-analysis showed that physical activity after
cancer diagnosis was associated with a 24% reduced risk of total mortality among breast cancer
survivors independent from BMI, menopausal status, and hormone receptor positive and nega-
tive tumors.?> This effect has been attributed to the impact of physical activity on decreasing
insulin resistance. On the other hand, possible benefit improved dietary intake and weight loss
on breast cancer outcome were not explored in these analysis.

When we evaluated all the studies assessing the effect of lifestyle changes after diagnosis on
breast cancer-specific survival, they could not reflect to lifestyle changes as a whole. Actually, all
efforts to change all lifestyle parameters aim to break insulin resistance that also affecting hep-
atosteatosis. An ongoing study called BWEL (Alliance A011401) study was designed to evaluate
the combined effect of weight loss, calorie intake, and physical activity on breast cancer survival
and is expected to be finalized forthcoming few years.26 Perhaps, this study may answer the
question of whether the integration of combining of lifestyle changes has an impact on breast
cancer outcome.

The question of whether combination of all lifestyle interventions, including weight loss, diet
interventions, and physical activity, should be adapted to the adjuvant treatment recommen-
dations of breast cancer is the unanswered. These interventions have been studied separately
before, however, there are no study evaluating combination of all lifestyle changes due to the
difficulty of evaluation. Thus, we need a tool such as biomarkers of insulin resistance or hep-
atosteatosis probably reflecting to wrong lifestyle of patients. Most of the studies about lifestyle
changes included the patients with early breast cancer and follow-up duration was mostly lim-
ited up to 5 years. In the present study, one-third of the patients were stage III, and median
follow-up was 6.7 years. We indicated that while age and stage were important parameters for
higher recurrence rate any all time as expected, grades 2 and 3 hepatosteatosis predicted the
higher recurrence of breast cancer and longer recurrence-free survival after 5 years even after
adjusted for diabetes, age, stage, grade, luminal types. We found a 60% reduction risk of re-
lapse in patients without hepatosteatosis or grade 1 hepatosteatosis compared with the grades
2 and 3 hepatosteatosis after adjusted for other parameters for after 5 years follow-up (hazard
ratio: 0.40; 95% CI: 0.18-0.88). Considering that favorable lifestyle changes have been recom-
mended to downgrade degree of hepatosteatosis to lower grade, assessment of hepatosteato-
sis can be used as a biomarker of lifestyle as a whole. As it is known, patients with invasive
lobular carcinoma and hormone positive tumor present with late recurrence, lifestyle changes
may have an impact on late period of breast cancer recurrence according to the results of this
study.

Limitations of our study are to be designed as retrospective and to have relatively low num-
ber of patients. However, we included in study the patients with all stage and pathologic fea-
tures of nonmetastatic breast cancer and attracted attention to significance of existing hep-
atosteatosis, as a tool, on late recurrence of breast cancer. Hepatosteatosis may be a predictor
for the late recurrence of breast cancer and the present study may pave the way of designing
new prospective studies with validated scanning method.
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Conclusion

of

Our study showed that patients with nonmetastatic breast cancer who have higher degree
hepatosteatosis presented with increased risk of recurrence after 5 years. We believe that

hepatosteatosis reflecting underlying insulin resistance or unfavorable lifestyle can represent a
future biomarker, which may help to select patients in need of lifestyle modifications.
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