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Background: It remains unclear whether diabetic medications, such as metformin and insulin, affect the
post-liver resection prognosis of hepatocellular carcinoma (HCC) patients complicated with diabetes mellitus
(DM). This study try to find out the prognostic factors in HCC patients with DM and provide a better
antidiabetic therapy after liver resection.

Methods: Patients presenting with HCC complicated with DM undergoing liver resection were enrolled in
this study. They were examined and followed up every 3-6 months after surgery. Patients were divided into
the antidiabetic treatment group and no antidiabetic treatment group according to whether they received
medications for diabetes or not. Then patients in the antidiabetic treatment group were further divided
into insulin group, metformin group, insulin plus metformin group and others group, according to the
medications they received. Overall survival (OS) and recurrence-free survival (RFS) were compared among
two groups and four subgoups. Comparative and multivariate analyses were performed to investigate the
effects of DM medication on the prognosis of these HCC patients, using Cox proportional hazards model.
Results: The 1-, 3-, 5-, and 7-year OS rates for the antidiabetic treatment group were 87.5%, 75.5%,
48.7%, and 29.1%, respectively, and for the no antidiabetic treatment group, the OS rates were 85.4%,
57.7%, 33.6%, and 19.1%, respectively (P=0.007). The 1-, 3-, 5-, 7-year RFS rates for the antidiabetic
treatment group were 76.4%, 53.5%, 28.5%, and 17.5%, respectively, and for the no antidiabetic treatment
group, the RFS rates were 69.5%, 32.5%, 16.5%, and 10.7%, respectively (P=0.001). In subgroup analysis,
There was no significant difference in either RFS (P=0.934) nor OS (P=0.412) among the different types of
antidiabetic treatment regimens. Cox proportional hazard regression analysis revealed that tumor size (HR:
1.048), tumor number (HR: 1.626), vascular invasion (HR: 2.074, P=0.003), satellite tumor (HR: 1.592),
Edmondson classification (HR: 1.468) and antidiabetic treatment (HR: 0.722) were independent prognostic
factors of DFS, while tumor size (HR: 1.048), tumor number (HR: 1.779), vascular invasion (HR: 2.545),
Edmondson classification (HR: 1.596) and antidiabetic treatment (HR: 0.713) were independent prognostic
factors of OS.

Conclusions: For HCC patients with DM, antidiabetic treatment should be recommended aggressively in

order to improve the surgical outcome, regardless of which antidiabetic drugs are used.
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Introduction

Hepatocellular carcinoma (HCC) remains a major challenge
in the field of liver disease worldwide (1). Liver resection is
the standard treatment for early-stage liver cancer, with a
survival rate of 60-80% at 5 years (2,3). However, only 20-
30% of patients present with a resectable HCC at diagnosis.
Many HCC patients are complicated with chronic hepatitis
and liver cirrhosis, with the latter associated with a higher
risk of developing HCC (4,5). Cirrhosis has also been
closely associated with diabetes mellitus (DM) due to the
disorder of glucose metabolism in the impaired liver (5-7).
Clinically, there is a substantial proportion of patients
with HCC who also have DM (8-10). Indeed, many
epidemiological studies have suggested that DM may also
increase the risk of cancer, especially HCC (11,12). DM
is also proved as a independent prognostic factor in HCC
patients (13).

Studies have suggested that insulin use may increase the
risk of HCC, worsen the outcome of cirrhosis or HCC
patients, and diabetic patients treated with metformin
demonstrated a reduced risk of HCC (11,14-19). Some
studies found that metformin could prolong the survival
of HCC patients and reduce the tumor recurrence after
hepatectomy (13,20), but others failed (19,21-24). There
is still not enough evidence to prove whether metformin
had priority over insulin or other antidiabetic drugs on
treating DM in HCC patients. Therefore, this investigation
examined prognosis after liver resection in HCC patients
with DM who were treated with metformin, insulin or other
medications. We present the following article in accordance
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-22-478/rc).

Methods

Patients who were diagnosed with HCC and DM from
January 2000 to December 2013 were enrolled in this study.
Patients who accepted radical liver resection were divided
into two groups depending on whether they received
antidiabetic treatment. The definitive diagnosis of HCC
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and DM followed the criteria of the European Association
for the Study of the Liver (25) and the American Diabetes
Association, respectively (26). The inclusion criteria for
the cohort were as follows: (I) patients aged between 18
and 80 years old; (II) patients with a pathological diagnosis
of HCC; (III) patients had not received any previous
treatment for cancer; (IV) patients accepted radical liver
resection; and (V) patients showed Child-Pugh A-B liver
function. The following exclusion criteria were applied:
(I) any co-existing malignancies; (II) patients from abroad
who were unable to be followed-up regularly; (III) severe
coagulability; and (IV) concomitant severe heart, lung, or
kidney diseases. Patients who satisified the inclusion and
exclusion criteria were all included in the cohort to reduce
selection bias. The cohort size was designed to be as large as
possible since this was an exploratory study. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by Ethics
Committee of Eastern Hepatobiliary Surgery Hospital
(No. EHBHKY2022-K-022). Individual consent for this

retrospective analysis was waived.

Hepatectomy

Hepatectomy was performed under general anesthesia with
a right subcostal incision. A surgical margin of at least 1 cm
was preferred when resecting the tumor, if possible. When
the tumor was adjacent to major vessels, a 1 cm surgical
margin could not be achieved, and the tumors was resected
with a margin that was as wide as possible to avoid tumor
residue. For multiple tumors, either a single liver resection
or multiple resection was performed according to the tumor
location. Pringle’s maneuver was routinely performed using
a clamp/unclamp cycle of 15 minutes/5 minutes. Liver
transection was performed using an ultrasonic scalpel or the
clamp crushing method.

Follow-up

At 4 weeks after partial hepatectomy, patients were
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assessed by three-phase computed tomography (CT) or
magnetic resonance imaging (MRI), liver function tests,
and alpha fetoprotein (AFP) levels to exclude tumor
residue. Patients were then followed-up every month in
the first year, and thereafter, every 3 months to observe the
tumor recurrence and metastasis. At each follow-up visit,
ultrasound of the liver, liver function tests, and AFP levels
were routinely performed. Chest X-ray and three-phase
CT/MRI were performed every 3-6 months. Patients were
recommended to an endocrinologist for monitoring and
DM treatment. Fasting and postprandial blood glucose
were checked every month and glycosylated hemoglobin
was examined every 3—6 months. For patients with
detectable level of hepatitis B virus DNA, a nucleoside
analogue was recommended for anti-viral treatment. The
diagnosis of HCC recurrence was in accordance with
the criteria of the European Association for the Study of
the Liver. Patients with tumor recurrence were actively
treated with liver resection, transplantation, TACE, RFA,
etc., depending on the tumor, liver function, and general
condition of the patient.

Statistical analysis

Overall survival (OS) and disease-free survival (DFS)
were calculated from the date the patient received liver
resection to the date when patients died, experienced
tumor recurrence, or the last follow-up. The last follow-
up of the study was on 10™ January 2014 or the date when
the patients died. Patients who were lost to follow-up were
censored from the last follow-up.

All data were entered into a computer and analyzed by
SPSS 22.0 statistic software. Data was presented as median
(range) for quantitative variables and absolute frequencies
for qualitative variables. A cutoff value of 20 ng/mL serum
AFP was applied. Comparison of data between the two
groups was performed using the t test or Mann-Whitney
U test for continuous data and ’ test for categorical data.
Propensity score matching wes performed to reduce
the bias in the baseline data between the antidiabetic
treatment group and no antidiabetic treatment group. A
1:1 matched analysis was done between two groups with a
caliper width 0.1.

The OS and DFS rates were calculated using the life-
table method. Comparisons of OS and DFS between the
two groups and the survival curves were constructed using
the Kaplan-Merier method. Multivariate Cox proportional
hazard regression analysis was used to estimate prognostic
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factors which influence the OS and DFS, and all variables
with a P value <0.1 by univariate comparison were subjected
to the multivariate analysis. All tests were 2-sided and
P<0.05 was considered statistically significant.

Results

A total of 2,120 patients with liver cancer and DM were
hospitalized in the Eastern Hepatobiliary Surgery Hospital
from January 2000 to December 2013, of which, 478 patients
received surgical treatment. Among the 478 patients,
398 patients were diagnosed with HCC and DM. Of the
398 patients with HCC and DM, 106 did not receive
any treatment for diabetes and 292 received antidiabetic
therapy, including 98 patients who received insulin alone,
95 who received metformin alone, 19 who received insulin
plus metformin, and 80 who were given other drugs. The
flowchart of the study is shown in Figure 1. The follow-
up period ranged from 0 to 152 months, with a median of
42.5 months. The postoperative complication rate was 11.6%
(46/398) and the 30-day perioperative mortality was 1.8%
(7/398).

In the unmatched total cohort, the clinical data of
the patients in the antidiabetic treatment group and the
no treatment group are shown in 7able 1. There was no
significant difference between the 2 groups except for
age, gender, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), serum fasting glucose, and tumor
number. Patients in the antidiabetic treatment group were
older (P<0.001), tended to be female (P=0.027), had lower
ALT (P=0.001) and AST (P=0.045) levels, lower serum
glucose levels (P=0.017), and more number of tumors
(P=0.044). During the follow-up, 293 patients (73.6%)
experienced tumor recurrence, including 201 patients in
the antidiabetic treatment group and 92 patients in the
no antidiabetic treatment group. A total of 231 patients
(58.0%) died from disease progression during the course of
this study. Survival analysis revealed that the 1-, 3-, 5-, and
7-year OS rates for the antidiabetic treatment group were
87.5%, 75.5%, 48.7%, and 29.1%, respectively, and for the
no antidiabetic treatment group, the OS rates were 85.4%,
57.7%, 33.6%, and 19.1%, respectively (P=0.007, Figure 2A).
The 1-, 3-, 5-, and 7-year recurrence-free survival (RFS) rates
for the antidiabetic treatment group were 76.4%, 53.5%,
28.5%, and 17.5%, respectively and for the no antidiabetic
treatment group, the RES rates were 69.5%, 32.5%, 16.5%,
and 10.7%, respectively (P=0.001, Figure 2B). Subgroup
analysis demonstrated that there was no significant difference

7 Gastrointest Oncol 2022;13(3):1330-1339 | https://dx.doi.org/10.21037/jgo-22-478



Journal of Gastrointestinal Oncology, Vol 13, No 3 June 2022

1333

Patients with liver cancer and diabetes mellitus (n=2,120)

Initial treated with RFA: n=221
Initial treated with TACE: n=1,342
Initial treated with radiotherapy: n=9

A

Y

Supportive treatment: n=19
ERCP or PTCD: n=51

Initial treated with surgery (n=478)

ICC: n=21
Metastatic liver cancer: n=9
RFA through laparotomy: n=8

Y

A

Laparotomy only: n=7
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HCC patients with liver resection (n=398)
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No treatment for DM
(n=106)
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(n=98)
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(n=95)

Using insulin plus

metformin (n=19) others (n=80)

Figure 1 A flow chart showing the study procedures. RFA, radiofrequency ablation; TACE, transcatheter arterial chemoembolization;

ERCP, endoscopic retrograde cholangiopancreatography; PTCD, percutaneous transhepatic cholangio drain; ICC, intrahepatic

cholangiocarcinoma; HCC, hepatocellular carcinoma; DM, diabetes mellitus.

in OS (P=0.412, Figure 34) and RFS (P=0.934, Figure 3B)
among patients in the insulin group, metformin group,
insulin plus metformin group, and other drugs group.

Multivariate Cox proportional hazard regression
analysis revealed that prothrombin time (PT) [hazard
ratio (HR): 1.115, P=0.047], tumor size (HR: 1.059,
P<0.001), tumor number (HR: 1.626, P=0.002), vascular
invasion (HR: 2.074, P=0.003), satellite tumors (HR:
1.592, P=0.001), Edmondson classification (HR: 1.468,
P=0.027), and antidiabetic treatment (HR: 0.722, P=0.014)
were independent prognostic factors of RFS (Table 2).
While tumor size (HR: 1.048, P=0.011), tumor number
(HR: 1.779, P=0.001), vascular invasion (HR: 2.545,
P<0.001), Edmondson classification (HR: 1.596, P=0.024),
and antidiabetic treatment (HR: 0.713, P=0.021) were
independent prognostic factors of OS (Table 3).

After propensity score-matching, a cohort including
antidiabetic treatment group(n=100) and no antidiabetic
treatment group (n=100) was established. There was
no significant difference on baseline data between the
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2 groups (Tuble 1). Survival analysis revealed that the
1-, 3-, 5-, and 7-year OS rates for the antidiabetic
treatment group were 82.7%, 65.6%, 46.4%, and 33.6%,
respectively, and for the no antidiabetic treatment group,
the OS rates were 80.1%, 58.7%, 29.2%, and 20.1%,
respectively (P=0.02). The 1-, 3-, 5-, and 7-year RFS
rates for the antidiabetic treatment group were 66.1%,
48.1%, 23.8%, and 17.0%, respectively and for the
no antidiabetic treatment group, the RFS rates were
61.6%, 23.2%, 16.2%, and 9.4%, respectively (P=0.02).
Multivariate Cox proportional hazard regression analysis
revealed that prothrombin time (PT) [hazard ratio (HR):
1.162, P=0.036], tumor size (HR: 1.098, P<0.001), tumor
number (HR: 1.898, P=0.001), vascular invasion (HR:
3.209, P=0.001), satellite tumors (HR: 1.666, P=0.005)
and antidiabetic treatment (HR: 0.669, P=0.015) were
independent prognostic factors of RFS. While tumor
size (HR: 1.096, P<0.001), tumor number (HR: 2.498,
P<0.001), vascular invasion (HR: 6.284, P<0.001),
liver cirrhosis (HR: 1.537, P=0.032), and antidiabetic
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Table 1 The basic clinic data of patients
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Before propensity matching (n=398)

After propensity matching (n=200)

Parameter Antidiabetic treatment  Control group Pyalue Antidiabetic treatment  Control group
group (n=292) (n=106) group (n=100) (n=100)
Age (year) 57.4+9.5 52.6+9.4 <0.001 53.0+9.2 53.2+9.2 0.902
Gender (male/female) 256/36 101/5 0.027 94/6 95/5 0.733
Platelet (x10°%L) 146.0+65.7 141.2+60.0 0.507 136.5+55.7 141.4+61.0 0.552
PT (s) 12.3+1.1 12.5+1.3 0.097 12.3+1.1 12.5+1.2 0.224
ALT (IU/L) 37.1(9.5-450.8)"  47.1 (15.0-359.4)"  0.001* 445 (9.5-450.8)"  46.6 (15.0-359.4)" 0.243*
AST (IU/L) 33.5(11.1-533.9)"  36.8 (12.5-248.0)"  0.045* 34.4 (11.1-533.9)" 36.2 (12.5-209.6)" 0.626"
Albumin (g/L) 41.7+41 42.2+3.7 0.262 41.8+4 .1 42.3+3.7 0.331
TB (umol/L) 14.3 (5.3-497.1)" 15.8 (5.0-245.5)" 0.094* 15.1 (5.3-93.5)" 15.8 (5.0-245.5)"  0.471%
AFP (<20/>20 ng/mL) 145/147 42/64 0.076 50/50 42/58 0.256
HBeAg (+/-) 45/247 19/87 0.546 17/83 17/83 1
HBsAg (+/-) 176/116 74/32 0.082 69/31 69/31 1
HCV (+/-) 17/275 4/102 0.419 7/93 4/96 0.352
Serum glucose (mmol/L) 8.2+3.1 9.1+£3.5 0.017 8.6+3.3 9.0+3.6 0.42
Tumor size (cm) 5.6+3.5 5.8+3.5 0.511 5.9+4.0 5.6+3.3 0.505
Tumor number (single/multiple) 246/46 80/26 0.044 80/20 77/23 0.606
Vascular invasion (yes/no) 20/272 7/99 0.931 6/94 5/95 0.756
Satellite tumors (yes/no) 141/151 62/44 0.072 53/47 56/44 0.67
Edmondson classification 62/230 17/89 0.251 21/79 17/83 0.471
(I=N/11-1V)
BMI 24.6+2.8 24.4+3.0 0.424 23.9+2.3 24.4+3.0 0.217
Liver cirrhosis (yes/no) 151/141 61/45 0.302 61/39 55/45 0.39
Clavien-Dindo classification 262/4/4/9/2/5/1/5 89/6/3/5/0/1/0/2 0.184* 88/4/3/1/2/1/0/1 87/5/3/2/0/1/0/2  0.831*

O©/1/11/11a/Nla/IVa/IVB/V)

#

, median (range); ¥, Mann-Whitney U test; *, 0 versus others. PT, prothrombin time; ALT, alanine aminotransferase; AST, asprine

aminotransferase; TB, total bilirubin; AFP, alpha-fetoprotein; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HCV,

hepatitis C virus; BMI, body mass index.

treatment (HR: 0.563, P=0.002) were independent
prognostic factors of OS.

Discussion

DM is considered one of the contributing factors in the
oncogenesis of liver cancer (27). Several epidemiological
studies have shown that the risk of liver cancer is higher in
patients with DM compared to patients with no diabetes
(28-30). Furthermore, many recent studies have found

© Journal of Gastrointestinal Oncology. All rights reserved.

that DM can affect the prognosis of patients with HCC
after hepatectomy (10,31,32). However, it remains to be
elucidated whether treatment of diabetes can effectively
improve the outcome of HCC patients with DM after liver
resection. This study examined the association between
treatment of diabetes and prognosis of HCC after liver
resection, and investigated the prognostic effect of different
antidiabetic drugs in HCC patients.

This study compared the RFS and OS of HCC

patients receiving antidiabetic therapy and those with no
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Figure 2 Kaplan-Meier analysis of OS and RFS between the antidiabetic treatment group and no antidiabetic treatment group. (A) Survival

analysis demonstrated that patients in the antidiabetic treatment group had longer OS time than patients in the no antidiabetic treatment

group (P=0.007). (B) Patients in the antidiabetic treatment group had a better RFS compared to patients with no antidiabetic treatment

(P=0.001). OS, overall survival; RFS, recurrence-free survival.
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Figure 3 Subgroup analysis revealed that there was no significant difference in (A) OS and (B) RFS among the insulin group, metformin

group, insulin plus metformin group, and other drugs group (P=0.412 for OS and P=0.934 for RFS). OS, overall survival; RFS, recurrence-

free survival.

antidiabetic treatment. The results showed that HCC
patients with antidiabetic treatment obtained a better RFS
and OS than those without antidiabetic treatment. Patients
in the antidiabetic treatment group had lower fasting blood
glucose, AL'T; and AST levels, suggesting that patients who
received antidiabetic treatment had a reduced inflammatory
reaction when the blood glucose levels were controlled.
Hyperglycemia has been shown to be positively associated
with the risk of HCC (33), and it is also a significant risk

© Journal of Gastrointestinal Oncology. All rights reserved.

factor in the prognosis of HCC patients after curative
therapy (34). These studies indicated that better control
of blood glucose levels may improve the prognosis of
HCC and poor postoperative blood glucose control is an
independent factor that negatively affects recurrence and
survival. Thus, antidiabetic treatment may have a role in
protecting the liver and improving the long-term survival of
HCC patients by controlling blood glucose levels.

Several studies have reported that treatment with
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Table 2 Univariate and multivariate analyses of factors associated with tumor recurrence

Multivariate analysis

Variables Univariate analysis, P value
Hazard ratio (95% Cl) P value

Age (year) 0.023 0.993 (0.980-1.006) 0.299
Gender (male/female) 0.184

PT (s) 0.010 1.115 (1.001-1.241) 0.047
ALT (IU/L) 0.316

AST (IU/L) 0.373

Albumin (g/L) 0.120

TB (mmol/L) 0.077 1.003 (0.999-1.007) 0.146
AFP (=20/>20 ng/mL) <0.001 1.126 (0.866-1.465) 0.376
HBeAg (+/-) 0.834

HBsAg 0.129

BMI 0.184

Tumor size (cm) <0.001 1.059 (1.027-1.091) <0.001
Tumor number (single/multiple) <0.001 1.626 (1.197-2.210) 0.002
Vascular invasion (yes/no) <0.001 2.074 (1.288-3.341) 0.003
Satellite tumors (yes/no) <0.001 1.592 (1.221-2.077) 0.001
Edmondson classification (I-1I/Il-IV) <0.001 1.468 (1.046-2.061) 0.027
Serum glucose 0.157

Platelet 0.670

HCV (+/-) 0.539

Antidiabetic treatment (no/yes) 0.001 0.722 (0.557-0.937) 0.014
Liver cirrhosis (yes/no) 0.009 0.971 (0.745-1.265) 0.828

PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; AFP, alpha-fetoprotein; HBeAg,
hepatitis B e antigen; HBsAg, hepatitis B surface antigen; BMI, body mass index; HCV, hepatitis C virus.

insulin is associated with poorer outcomes in patients with
cirrhosis and an increased risk of HCC (14,19). While
some studies have shown that metformin can inhibit the
carcinogenesis of HCC and prolong the survival of HCC
patients with DM (20,35,36), this remains controverisal
(13,21). Subgroup analysis in our study failed to show that
insulin nor metformin affects RFS or OS in HCC patients
after hepatic resection. Several reasons may explain this
observation. First, medication for DM patients is often
combined and changeable, and therefore, patients cannot be
precisely assigned to a metformin group or an insulin group.
Second, most studies are retrospective with a limited sample
size. Third, the control of blood glucose after antidiabetic
medication is unknow in most studies, which may affect the

© Journal of Gastrointestinal Oncology. All rights reserved.

prognosis of HCC.

There were some limitations to this study. First, it is
a retrospective study which was conducted in a single
institution and it may not be possible to generalize the
results. Second, most patients in the study were HBV
infected, only a few were HCV infected. It is therefore
unclear whether these results apply to patients with other
etiological factors. Third, there were differences in certain
parameters between the antidiabetic treatment group
and the no antidiabetic treatment group, and this may
compromise the validity of the results. Future large-scale,
multicentered, randomized, controlled trials are warranted
to further validate these results.

In conclusion, antidiabetic treatment could provide a
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Table 3 Univariate and multivariate analyses of factors associated with overall survival

Multivariate analysis

Variables Univariate analysis, P value
Hazard ratio (95% Cl) P value

Age (year) 0.751

Gender (male/female) 0.635

PT (s) 0.037 1.057 (0.931-1.200) 0.393
ALT (IU/L) 0.776

AST (IU/L) 0.110

Albumin (g/L) 0.094 0.986 (0.950-1.023) 0.454
TB (mmol/L) 0.111

AFP (= 20/>20 ng/mL) <0.001 1.214 (0.907-1.625) 0.193
HBeAg (+/-) 0.266

HBsAg 0.427

BMI 0.115

Tumor size (cm) <0.001 1.048 (1.011-1.086) 0.011
Tumor number (single/multiple) <0.001 1.779 (1.263-2.505) 0.001
Vascular invasion (yes/no) <0.001 2.545 (1.527-4.241) <0.001
Satellite tumors (yes/no) <0.001 1.318 (0.979-1.773) 0.069
Edmondson classification (I-1I/I11-IV) <0.001 1.596 (1.062-2.398) 0.024
Serum glucose 0.727

Platelet 0.798

HCV (+/-) 0.708

Antidiabetic treatment (no/yes) 0.008 0.713 (0.535-0.951) 0.021
Liver cirrhosis (yes/no) 0.006 1.141 (0.857-1.520) 0.367

PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; AFP, alpha-fetoprotein; HBeAg,
hepatitis B e antigen; HBsAg, hepatitis B surface antigen; BMI, body mass index; HCV, hepatitis C virus.

better outcome in terms of both RFS and OS after hepatic
resection. There was no significant difference among the
different types of antidiabetic therapies on the prognosis
of HCC patients. Therefore, for HCC patients with DM,
antidiabetic treatment should be recommended aggressively,
regardless of which antidiabetic drugs are used.
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