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Hepatic steatosis changes after early gastric cancer surgery
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Background: Nonalcoholic fatty liver disease dramatically improves after bariatric surgery, primarily due to improvements in hepatic
insulin sensitivity. Since the procedure for gastric cancer surgery is very similar to that for bariatric surgery, we investigated changes in
fatty liver following gastrectomy for gastric cancer according to the type of surgery.

Methods: We evaluated hepatic steatosis in 212 early gastric cancer patients using Hounsfield units (HUs) on non-contrast comput-
ed tomography preoperatively and 6, 12, and 24 months after surgery. We compared the preoperative and postoperative liver-to-
spleen HU ratio according to the type of surgery: Billroth |, Billroth Il, and total gastrectomy with Roux-en-Y reconstruction.

Results: The initial results (liver/spleen HUs and the liver-to-spleen HU ratio) did not significantly differ according to surgical group. Af-
ter surgery, only patients who underwent total gastrectomy with Roux-en-Y exhibited significant changes in the liver-to-spleen HU ratio
at 6 months. In 26 patients who had higher initial HU levels of the spleen than the liver, the liver-to-spleen HU ratio significantly in-
creased from 0.836 to 1.115 at 6 months, 1.109 at 12 months, and 1.102 at 24 months (p<0.01).

Conclusion: Significant changes in hepatic steatosis were found in even normal patients (with higher liver than spleen HU values)
who underwent total gastrectomy with Roux-en-Y. Patients who initially had fatty liver also showed a significant increase in the liver-to-
spleen HU ratio. These results suggest that total gastrectomy with Roux-en-Y reconstruction can have a positive effect on the improve-
ment of hepatic steatosis.

Keywords: Hepatic steatosis; Liver disease; Stomach neoplasm

Introduction meta-analysis showed T2DM resolution rates according to

surgical type: 48% in laparoscopic adjustable gastric band-

Many studies have suggested that bariatric surgery has a re-
markable effect on clinical manifestations of type 2 diabetes
(T2DM). Buchwald et al. [1] reported that 82% of patients
in their meta-analysis achieved resolution of clinical and
laboratory manifestations of T2DM in the first 2 years after
bariatric surgery, while 62% remained free of T2DM for
more than 2 years after bariatric surgery. Furthermore, the
rates of T2DM resolution differed by surgery type [1,2]. A

ing, 84% in Roux-en Y gastric bypass (RYGB), and 98% in
biliopancreatic diversion [2].

In addition to T2DM, nonalcoholic fatty liver disease
(NAFLD) also improved after bariatric surgery [3,4]. The
spectrum of NAFLD ranges from simple hepatic steato-
sis to more severe nonalcoholic steatohepatitis, fibrosis,
end-stage liver disease, and hepatocellular carcinoma [5].
The prevalence of NAFLD is between 10% and 25% in the
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general Korean population [6]. NAFLD in Korea is closely
associated with several components of metabolic syndrome
including obesity, hypertension, T2DM, and dyslipidemia,
as also seen in Western countries [6]. Insulin resistance and
hyperinsulinemia might play roles in the pathogenesis of
NAFLD in patients with obesity and of normal body weight
[4,6]. The mechanism underlying improvement of NAFLD
after bariatric surgery suggests early improvement of hepat-
ic insulin sensitivity [4,7].

According to the Korea National Cancer Incidence Da-
tabase from 1999 to 2012, stomach cancer was one of the
leading primary cancers [8]. In particular, stomach cancer
is predicted to be the most common cancer in males. The
age-standard mortality rate per 100,000 cases of stomach
cancer was 7.8 in Korea in 2015 [8]. The treatment of choice
for stomach cancer is surgery, with a procedure very similar
to that of bariatric surgery. As a result, we compared chang-
es in fatty liver following gastric cancer surgery based on
which surgery.

Methods

Ethical statements: This study was approved by the Institutional
Review Board of Kosin University Gospel Hospital (KUGH 2016-
12-001). The informed consent was waived because this design is
a retrospective study.

1. Study design and participants

A retrospective review was conducted with the medical re-
cords of 374 patients who underwent gastric cancer surgery
in Kosin University Gospel Hospital from 1 January to 31
December of 2013. Among the 374 patients, 212 had early
gastric cancer.

We only enrolled early gastric cancer patients who under-
went computed tomography (CT) scan before surgery and
6, 12, and 24 months after surgery. We evaluated hepatic
steatosis using Hounsfield units (HUs) on non-contrast CT
images. Hepatic attenuation only and liver-to-spleen (LS)
ratio in HUs were calculated prior to the operation and at 6,
12, and 24 months after surgery. We compared the preoper-
ative and postoperative results according to reconstruction
method: Billroth I, Billroth II, and Roux-en Y.

2. Measurements

Body weights and heights were measured using standard-
ized techniques and equipment with participants wearing
light indoor clothing without shoes. Body mass index (BMI)
was calculated as weight divided by height squared (kg/m?®).
Blood samples were obtained after at least 8 hours of fast-
ing. CT scans were performed with SOMATOM Sensation or
SOMATOM Definition Flash (Siemens, Munich, Germany).

3. CT assessment of hepatic steatosis

An endocrinologist who was educated by a radiologist mea-
sured hepatic and splenic CT attenuation on non-enhanced
CT scans. Fat accumulation of the liver decreases the atten-
uation of CT [9]. On three cross-sections taken at different
hepatic levels, the hepatic CT attenuation was assessed by
selecting three circular regions of interest with an area of
at least 2 cm®. By excluding areas of hepatic vascular and
biliary structures, the largest possible region was chosen.
Hepatic CT attenuation was calculated as the mean of the
three measurements. Splenic CT attenuation was calculated
through the same method.

The presence of fatty liver disease was defined as CT
evidence of hepatic steatosis. The LS ratio was used to nor-
malize hepatic attenuation with splenic attenuation [9]. CT
steatosis was defined as a LS ratio less than one, and hepat-
ic attenuation divided by splenic CT attenuation less than
one, which has previously been proven to correlate with the
presence of steatosis in liver biopsy and to be particularly
specific for the presence of steatosis [10].

4. Statistical analysis

Differences in baseline characteristics were evaluated by
one-way analysis of variance in the three surgical groups.
Furthermore, paired t-tests were used to compare the
changes of CT steatosis with follow-up in each surgery
group. All data are presented as means with standard devi-
ations. A p-value <0.05 was considered statistically signifi-
cant. All analyses were performed using SPSS, version 23.0
(IBM Corp., Armonk, NY, USA).

Results

This study was composed of a total of 212 early gastric can-
cer patients with a mean age of 58.43+£10.53 years. Among
them, 62.3% (n=132) underwent surgery with Billroth I,
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22.2% (n=47) with Billroth II, and 15.5% (n=33) with total
gastrectomy with Roux-en Y bypass surgery.

Preoperative baseline characteristics were not significant-
ly different among surgical groups except for weight and
BMI (Table 1). HUs of liver, HUs of spleen, and LS ratio were
not significantly different among the groups.

After gastric cancer surgery, all groups exhibited a re-
duction in BMI (Table 2). In total gastrectomy in the Roux-
en Y group, total cholesterol, low-density lipoprotein, and
triglyceride levels significantly decreased 6 months after
surgery. High-density lipoprotein cholesterol increased but
was not statistically significant (Table 2).

Fig. 1 shows the changes in LS ratio with hepatic steatosis
according to type of surgery. No significant changes were
shown after surgery in the Billroth I or Billroth II operation
group. However, there was significant increase in the LS ra-
tio in the Roux-en Y group from 1.140 to 1.233 at 6 months,
1.223 at 12 months, and 1.261 at 24 months after surgery
compared to the preoperation values (p=0.03).

In this study, most participants exhibited no hepatic ste-
atosis before surgery. We selected 26 patients who had LS

ratio <1, indicating the presence of hepatic steatosis [10],
before surgery. Fig. 2 shows the changes in LS ratio after
surgery. The LS ratio increased from 0.836 to 1.115 at 6
months, 1.109 at 12 months, and 1.102 at 24 months after
surgery (p<0.001). Their initial mean BMI was 25.88+3.61
kg/m® which is not considered obesity [11,12]. The mean
reduction in BMI after gastric cancer surgery was 4.26+1.26
kg/m’ (Table 3).

Discussion

Fatty liver disease is a predisposing condition of T2DM and
increases insulin resistance [13]. Meta-analysis revealed
that the improvement or resolution rate of hepatic steatosis
after bariatric surgery was close to 90% [3]. The subjects in
the included studies were severely obese, with BMIs ranging
from 43.9 to 56 kg/m’ before bariatric surgery, classifying
them as obesity class III according to the World Health Or-
ganization (WHO) [11,12]. After surgery, the BMIs remark-
ably decreased as a percentage reduction of mean BMI,
ranging from 19.11% to 41.76%. These results pertaining to

Table 1. Baseline characteristics of the study participants according to the type of surgery

Total gastrectomy with

Characteristics Billroth | Billroth 1l Roux-en-Y p-value
No. of participants 132 (62.3) 47 (22.2) 33 (15.5)

Sex, male/female 79/53 34/12 27/7

Age (yr) 58.28+10.09 57.83+10.79 60.15+12.09 0.051
Weight (kg) 62.46+10.05 69.16+9.08 65.17+11.75 0.002
Height (em) 163.90+8.67 167.35+8.45 165.31+6.98 0.037
BMI (kg/mZ] 23.21+2.98 24.74+3.35 23.83+3.88 0.046
Fasting glucose (mg/dL) 101.52+26.72 104.13+23.20 94.32+10.60 0.744
HbA1c (%) 7.33+1.82 7.05+1.11 6.18+0.64 0.378
Total cholesterol (mg/dL) 176.12+28.92 179.06+36.09 176.97+26.62 0.886
HDL (mg/d L) 47.86+10.30 46.93+14.25 44.76+10.91 0.507
LDL (mg/dL) 104.08+30.28 97.53+38.03 108.29+29.29 0.180
Triglycerides (mg/dL) 119.64+28.55 129.19+67.75 129.56+59.44 0.498
GOT (IU/L) 24.36+8.55 22.98+8.31 25.50+9.33 0.598
GPT (1U/V) 23.22+9.90 27.09+15.61 24.09+10.15 0.082
ALP (IU/L) 71.99+19.41 66.00+19.95 69.74+23.43 0.167
v-GTP (U 36.17+43.70 32.05+30.15 40.50+42.22 0.770
Liver HUs 53.53+6.38 51.44+6.81 50.95+9.35 0.074
Spleen HUs 45.50+3.20 45.32+3.67 44.83+3.51 0.568
Liver-to-spleen ratio 1.180+0.144 1.140+0.178 1.140+0.165 0.257

Values are presented as number (%) or meansstandard deviation.

BMI, body mass index; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; GOT, glutamic oxaloacetic transaminase; GPT, glutamic
pyruvic transaminase; ALP, alkaline phosphatase; y-GTP, gamma glutamy! transpeptidase; HUs, Hounsfield units.
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Table 2. Serial changes of baseline characteristics after 6 months according to the surgery type

L Billroth | Billroth Il Total gastrectomy with Roux-en-Y
Characteristics : - -
Preoperative 6 Months  p-value  Preoperative ~ 6 Months  p-value  Preoperative 6 Months  p-value
Weight (kg) 62.46+10.05 57.34+9.05 0.017 69.16+9.08  56.00+1.41 0.144 65.17+11.75 60.08+11.62  0.033
BMI (kg/mz] 23.21£2.98  21.56+2.67 0.022 24.74+3.35 21.88+3.76 0.106 23.83+3.88  20.19+2.89 0.036
Total cholesterol (mg/dL) 176.12+28.92 168.94+30.99 0.001 179.06+36.09 159.04+22.48 0.020 176.97+26.62 157.51+29.24 <0.001
HDL (mg/dL) 47.86+£10.30 53.85+1.15 0.203 46.93+£14.25 46.54+13.46 0.634 44.76+£1091 49.77+12.61 0.258
LDL (mg/dL) 104.08+30.28 96.39+32.13  0.005 97.53+38.03 84.96+26.48 0.065 108.29+£29.29 91.39+21.55 0.030
Triglycerides (mg/dL) 119.64+28.55 116.37+57.64 0.708  129.19+67.75 117.92+58.41 0.137  129.56+59.44 108.04+39.74 0.048
GOT (IU/L) 24.36+8.55 26.43+10.11  0.046 22.98+8.31 27.21+11.81 0.078 25.50+9.33  27.42+7.44  0.249
GPT (IU/L) 23224990 22.46+11.54 0.539 27.09+15.61 28.65+21.42 0.922 24.09+10.15 25.00+9.90 0.502
ALP (IU/L) 71.99+19.41 79.01£1892 <0.001 66.00+19.95 87.54+66.76 <0.001 69.74+23.43 77.22+18.22 0.125
r-GTP (U/U) 36.17+43.70  19.4+14.95 <0.001 32.05+30.15 69.73+257.53 0.225 40.50+42.22 22.21+18.97 0.549
Liver HUs 53.53+6.38  52.51+4.13 0.006 51.36+6.81  51.12+5.58 0.469 50.95+9.35  51.53+7.59 0.590
Spleen HUs 45.50+3.20 43.63+3.49  <0.001 45.4+3.67 44.95+3.56 0.397 44.83+3.51 42.13+3.59 0.01
Liver-to-spleen ratio 1.180+£0.144 1.213+0.149  0.300 1.142+0.178 1.1421+0.134 0.841 1.140+£0.165 1.233+0.217  0.043

Values are presented as mean+standard deviation.

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; ALP,

alkaline phosphatase; y-GTP, gamma glutamy! transpeptidase; HUs, Hounsfield units.
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Fig. 1. Changes in the liver-to-spleen (LS) ratio according to type
of surgery. ? p<0.05 compared to the preoperative values.

resolution of hepatic steatosis after bariatric surgery might
be influenced by weight reduction. Therefore, remission of
T2DM after bariatric surgery could be partially explained by
resolution of hepatic steatosis.

The methods for bariatric and stomach cancer surgeries
are very similar, and there have been reports that improve-
ments in T2DM after gastric cancer surgery are similar to
those achieved with bariatric surgery. One retrospective
study reported that T2DM was resolved in 15.1% and im-
proved in 30.4% of patients after stomach cancer surgery

a) a) a)
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109 (a36
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0.6-
0.4-
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0- . . .

Postoperative Postoperative Postoperative
6 mo 12 mo 24 mo
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Fig. 2. Changes in the liver-to-spleen (LS) ratio among patients
who had hepatic steatosis before surgery. ?p<0.05 compared to
the preoperative values.

[14]. Another study revealed a better effect with T2DM. In
patients who underwent Billroth II surgery, 85% exhibited
improvement, while 88% of patients who underwent Roux-
en-Y showed improvement [15]. However, to the best of our
knowledge, no study has addressed fatty liver changes after
stomach cancer surgery.

In this study, only 26 patients had fatty liver (LS ratio <1)
before surgery. Their LS ratio was dramatically improved
6 months after stomach cancer surgery, and the improve-
ment was sustained for 24 months. Almost all participants
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Table 3. Serial changes of baseline characteristics after surgery in 26 patients who had hepatic steatosis before surgery

Characteristics Preoperative 6 Months 12 Months 24 Months p-value
BMI (kg/mZ] 25.88+3.61 23.93+5.04 22.78+1.67 22.74+2.37 0.02
Total cholesterol (mg/dL) 187.05+29.57 155.79+31.15 160.54+38.34 159.84+36.67 0.03
HDL (mg/dL) 42.51+7.77 41.8249.64 46.68+11.15 45.39+10.96 0.03
LDL (mg/dL) 112.45+42.80 90.71+£22.71 92.27+33.89 88.81+27.87 0.33
Triglycerides (mg/dL) 175.87+74.63 160.14+£72.10 128.27+75.40 148.83+97.67 0.54
GOT (IU/V) 24.68+8.14 25.77+8.82 32.70+38.24 28.04+6.79 0.20
GPT (IU/L) 28.81+10.57 24.10+18.77 34.27+41.50 24.50+9.17 0.04
ALP (IU/L) 68.39+24.35 80.57+23.44 80.70+23.85 77.77+22.97 0.1
v-GTP (U/L) 36.22+27.76 21.05+12.36 25.62+20.82 23.72+22.24 0.01
Liver HUs 40.03+7.29 49.03+7.50 48.76+4.08 49.26+4.08 <0.01
Spleen HUs 46.39+2.98 44.47+3.47 44.33+4.02 44.89+3.76 0.03
Liver-to-spleen ratio 0.836+0.141 1.115+0.234 1.109+0.155 1.102+0.134 <0.01

Values are presented as mean+standard deviation.

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; ALP,

alkaline phosphatase; y-GTP, gamma glutamy! transpeptidase; HUs, Hounsfield units.

had normal body weight before surgery. Their preoperative
BMI was lower than that of patients with obesity, defined as
BMI of 25 kg/m” or greater [11,12]. The participants did not
achieve the hepatic steatosis criteria by CT LS ratio before
gastric cancer surgery. Interestingly, hepatic CT attenuation
and LS ratio increased after surgery even though they re-
mained within the normal range. These results suggest that
normal-weight patients and not only fatty liver patients can
experience improvement after stomach cancer surgery. The
reduction of mean BMI after surgery in this study was much
smaller than in a previous meta-analysis [3]. These results
suggest that improvement of hepatic steatosis after gastric
surgery is due to another mechanism in addition to weight
reduction. Our observations are consistent with those from
previous studies. A number of studies has shown that im-
provement in the manifestations of metabolic syndrome
including NAFLD after bariatric surgery is not solely depen-
dent on weight [7,16-18]. Bojsen-Moller et al. [7] reported
improvement in basal hepatic insulin sensitivity within 1
week after RYGB in obese T2DM patients, long before any
significant weight reduction was achieved [19]. They sug-
gested that this immediate improvement of hepatic insulin
sensitivity could be a response to calorie restriction after
bariatric surgery. They also showed an increment of gluca-
gon-like peptide-1 (GLP-1) secretion that reached almost
5-fold peak concentration and a 12-fold area under the
curve after oral glucose exposure with RYGB, which might
be one mechanism for weight-independent improvement
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after surgery. The relationship between GLP-1 and hepatic
steatosis has been addressed in several in vivo and in vitro
studies [20-22]. These studies have suggested that GLP-1
acts directly on hepatocytes through activation of metabol-
ic signaling pathways including the insulin signaling and
AMP-activated protein kinase (AMPK) pathways. Therefore,
improvement of insulin sensitivity is achieved. The AMPK
pathway is associated with hepatic lipogenesis [21]. GLP-
1 binds to its receptor and enhances the increase in cyclic
AMP, a known activator of AMPK [23]. This process acceler-
ates the phosphorylation of AMPK and reduces lipogenesis
in hepatocytes [21]. This could explain the improvement of
hepatic steatosis after gastric cancer surgery even though
a much lower reduction of BMI was achieved compared to
previous meta-analysis.

Previous studies have shown that bypassing the proximal
gut for delivery of nutrients can enhance GLP-1 secretion
and create differences in degree of improvement of fatty
liver and T2DM after bariatric surgery according to surgery
type [1,24,25]. RYGB or biliopancreatic diversion exhibited
better results than sleeve gastrectomy [1]. Therefore, the
importance of bypassing the proximal intestine has been
demonstrated [24,25]. Our study results are consistent with
other studies, as total gastrectomy with the Roux-en 'Y group
exhibited significant changes in the LS ratio as well as the
lipid profile compared to other surgery groups. This is a
remarkable result, considering that the length of the bypass
limb in the Roux-en-Y group (usually 30-40 cm) is very
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short compared to that in bariatric surgery (usually from
the duodenum to 50-100 cm distal to the ligament of Treitz)
[26]. This finding indicates that bypassing the proximal in-
testine even by a very short length could improve metabolic
disease. Recently, several studies have suggested that GLP-1
and bile acid are related to this response [27].

Due to the retrospective design of this study, data col-
lection was limited. Liver biopsy to confirm the states of
hepatic steatosis was not performed. There is a limitation
in not being able to collect data on whether patients have
underlying diseases such as T2DM, hypertension, hyperlip-
idemia, drinking alcohol, and taking drugs related to under-
lying diseases. These data could influence as confounding
variables. In addition, there is no patient with distal gastrec-
tomy with Roux-en Y anastomosis, so the difference accord-
ing to the anastomosis method cannot be confirmed. In the
Billroth II patient group, there was no change in the L to S
ratio even though the weight loss was the greatest before
and 6 months after surgery. In this study, it was not possible
to determine whether alcohol consumption or an underly-
ing medical condition had an effect.

Tests for insulin resistance, sensitivity, and GLP-1 level
were not included. In addition, this study involved stomach
cancer surgery, not bariatric surgery. Therefore, the partici-
pants were early gastric cancer patients with initial relative-
ly normal body weight and normal hepatic steatosis state.
Although these were the conditions, there were significant
changes in hepatic steatosis after surgery.

Recently, the 5-year survival rates and remission rates were
shown to be very high in early gastric cancer patients [28].
Therefore, surgical improvement of cancer remission and
metabolic disease can affect quality of life and mortality rates
in early gastric cancer patients with metabolic disease. In the
case of gastrectomy patients, it can be inferred that metabolic
diseases like obesity, NAFLD, and T2DM tend to improve.

Stomach cancer surgery results in significant improve-
ments of hepatic steatosis in early gastric cancer patients
with fatty liver. Especially, total gastrectomy with Roux-
en Y can increase liver HUs and LS ratios even in normal
patients who exhibited no fatty liver before surgery. These
results can help clinicians determine the effectiveness of
the treatment of metabolic disease in postoperative patients
with early gastric cancer with metabolic disease.
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