. Original article

Survival advantage associated with metformin usage

in hepatocellular carcinoma patients with diabetes
mellitus receiving radical resection: a propensity

score matching analysis
Cui-Song Luo®P, Yun Lin®, Wei-Ping Zhou? and Jun Shi2

Background Metformin is associated with improved survival among hepatocellular carcinoma (HCC) patients with

diabetes mellitus. However, the role of metformin in the survival of hepatitis B virus (HBV)-related HCC patients with diabetes
mellitus after radical resection is unclear, so this study aimed to assess the effects of metformin on the clinical outcomes of
patients who received radical resection for HCC.

Patients and methods A total of 250 HCC patients (30-78years old) diagnosed with diabetes mellitus were selected
between 2000 and 2013 from the First Affiliated Hospital of Nanchang University and the Eastern Hepatobiliary Surgery
Hospital in China. Patients were divided into the metformin group (n=66) and the nonmetformin group (n=184). A propensity
score matching analysis was performed to evaluate the effect of metformin in patients receiving radical resection for HCC.
Results In the propensity score-matched cohort (n=176), the overall survival (OS) in the metformin group at 1, 3, and 5years
was significantly higher than in the nonmetformin group (P=0.002), and a similar treatment effect was observed for disease-

free survival (DFS) (P=0.030). The adjusted Cox proportional hazards model showed that metformin usage significantly
improved OS [hazard ratio: 0.558, 95% confidence interval (Cl): 0.385-0.810].

Conclusions Metformin is associated with satisfactory clinical outcomes among HBV-related HCC patients with diabetes
mellitus after radical resection. The use of metformin could significantly improve the OS and reduce the risk of HCC
recurrence in patients after radical resection. A prospective controlled study is recommended to verify the metformin effect
and explore its possible mechanisms. Eur J Gastroenterol Hepatol 32: 1030-1035

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Hepatocellular carcinoma (HCC) is a worldwide malig-
nancy and estimated to become the third most fatal can-
cer by the year 2030 [1]. HCC has become a major public
health concern across the worldwide, including China,
Japan, USA, and Australia [2-5]. Surgical resection and liver
transplantation form the cornerstone of curative treatment
for HCC [6,7], and patients treated with these methods
had a five-year survival rate of 30-70% [8]. However, most
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patients are unsuitable for liver transplantation because
of issues regarding donor organs, high perioperative risk,
and long-term immunosuppression; thus, liver resection is
widely accepted as the first treatment option for HCC [9].

Diabetes mellitus is a metabolic disorder characterized
by hyperglycemia and inadequate secretion or receptor
insensitivity to endogenous insulin [10]. Given that the
liver plays a crucial role in glucose metabolism, it is not
surprising that diabetes mellitus is an epiphenomenon
of many chronic liver diseases, such as chronic hepatitis
and cirrhosis. Most HCC patients have chronic hepatitis
and liver cirrhosis, with HBV-related liver cirrhosis being
predominant in most Asia—Pacific and African countries
[11,12]. Chronic HBV infection has been confirmed as
the leading pathological element for HCC development
[13] and cirrhosis in 80-90% of patients with HCC
[14]. Recent studies have reported that 8-18% of cancer
patients have been diagnosed with diabetes mellitus [15].

Metformin, a widely prescribed oral hypoglycemic
agent, is used as first-line therapy for patients with type
2 diabetes mellitus and has been found to have antican-
cer activity in preclinical models [16,17]. Numerous epi-
demiological studies suggest that metformin is associated
with a decreased overall risk for developing liver cancer
[18-21] and improved survival among diabetic patients
with HCC [20,22-25]. Furthermore, several clinical stud-
ies have indicated that metformin provides a synergistic
benefit with chemotherapy or radiotherapy against certain
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cancer types [26,27]. However, a few studies proposed
that in HCC patients with diabetes mellitus, metformin
therapy is not associated with an improved survival ben-
efit in these patients [28-31]. Furthermore, whether met-
formin usage is predictive of improved long-term survival
outcomes remains unclear.

The objective of the current study was to evaluate the
effect of metformin in patients with diabetes mellitus
who received radical resection for HCC. To minimize the
potential selection biases and confounding factors, pro-
pensity score matching analysis was used to compare
patients treated with or without metformin.

Patients and methods

The records of all patients who underwent curative hepa-
tectomy for primary HCC with diabetes mellitus between
1 January 2000 and 31 December 2013 were collected
from a hospital-based electronic database. The data col-
lected in this study were terminated on 30 July 2014,
and these patients had a follow-up period of more than
six months (if patients remained alive). The diagnosis of
HCC and diabetes mellitus followed the criteria of the
European Association for the Study of the Liver [32] and
American Diabetes Association [33]. The inclusion crite-
ria were as follows: (1) no previous treatment for cancer;
(2) patients between 20 and 80years old; (3) a pathologi-
cal diagnosis of HCC; (4) received radical liver resection;
and (5) Child-Pugh A-B. Meanwhile, the exclusion cri-
teria included the following: (1) simultaneously suffered
from additional malignancies; (2) underwent transarterial
chemoembolization or other antitumor therapies before
surgery; (3) severe coagulability; and (4) concomitant
severe heart, lung, or kidney diseases.

Ethics statement

The study was conducted in accordance with the provi-
sions of the 1975 Declaration of Helsinki and with the
approval of the Ethics Committee of the First Affiliated
Hospital of Nanchang University. Written informed con-
sent was obtained from patients, and patient records or
information were anonymized prior to analysis.

Treatment and follow-up

Curative hepatectomy is defined as complete resection of
the visible tumor and the absence of tumor residue as evi-
denced by imaging tests within one month after resection.
After hepatectomy, all patients in our study were followed
up once every month in the first year and once every three
succeeding months. The following tests were performed
at each follow-up visit: serum alpha-fetal protein (AFP),
serum markers of HBV infection, liver function, pro-
thrombin time, chest radiography, and enhanced computed
tomography or MRI. Overall survival (OS) and disease-free
survival (DFS) were calculated from the date the patients
received liver resection to the date of patient death, tumor
recurrence, or the last follow-up. The last follow-up of the
study was on 30 July 2014 or the date of patient death.

Prescribed antidiabetic agents included biguanides, oral
sulfonylureas, and insulin injections. The final analyses of
antidiabetic agents used the dichotomous categorical vari-
ables of ‘with’ or ‘without’ use of metformin.
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Tumor recurrence, which included intrahepatic and
extrahepatic recurrence, was diagnosed based on the ele-
vated AFP level or typical findings by enhanced computed
tomography or MRIL.

Statistical analysis

Statistical analysis was performed using SPSS version 21.0
for Windows (SPSS, Chicago, Illinois, USA). Normally dis-
tributed data were expressed as mean =SD, while nonnor-
mally distributed data were expressed as median (range).
The #-test or Mann—Whitney U test were used to test the
significance of intergroup differences in continuous data,
and Chi-squared test or Fisher’s exact test (two-tailed) to
test the differences in categorical data.

Propensity score matching was performed to mini-
mize the differences in baseline characteristics between
the metformin and nonmetformin groups. The propensity
score represents the probability that a patient will receive
a treatment based on their known characteristics [34].
Patients were matched based on the logit of propensity
score using a caliper width equal to 0.2 of the SD of the
estimated propensity score logit; such a caliper width has
been found to result in the optimal estimation of risk dif-
ferences in a variety of settings [35]. Accordingly, a 1-to-2
matched analysis was performed comparing the met-
formin and nonmetformin groups.

The Kaplan-Meier method was used to estimate OS
and DFS, and the log-rank test was employed to compare
differences. Multivariate analysis was performed using the
Cox proportional hazards model to identify independent
prognostic factors. P <0.05 was considered statistically
significant, and all P values quoted were two sided.

Results

Baseline characteristics

A total of 66 (26 %) patients among the 250 HBV-related
HCC patients with diabetes mellitus received metformin
in this study. Baseline characteristics for the entire cohort
and the propensity score-matched cohort are listed in
Table 1. Before matching, the mean age of the nonmet-
formin group (52.3+8.67years) was younger than that
of the metformin group (55.54«8.57 years, P=0.01). The
proportion of live cirrhosis patients was higher in the non-
metformin group (68.5 vs 54.5%, P=0.04). Nevertheless,
the metformin group had a longer duration of diabetes
mellitus than that of the nonmetformin group (60 vs
36months, P=0.00). However, after propensity score
matching, the patient characteristics were mostly similar
between the two groups.

Unmatched total cohort

After a median follow-up period of 52.5 months (range:
1-145 months), 129 (70.1%) patients in the nonmetformin
group and 49 (74.2%) in the diabetic metformin group
died. The OS was similar between the nonmetformin and
metformin groups (P=0.107 by log-rank test, as shown in
Fig. 1a). The OS at 1, 3, and Syears was 81, 53, and 35%
in the nonmetformin group compared with 94, 77, and
54% in the metformin group, respectively. In addition, the
DFS rate for the nonmetformin group was inferior to that
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Table 1. Patients’ characteristics before and after propensity score matching

Before propensity matching (n=250)

After propensity matching (n=176)

Nonmetformin Metformin Nonmetformin group Metformin P
Characteristic group (n=184) group (n=66) P value (n=113) group (n=63) value
Male, N (%) 170 (92.4) 60 (90.9) 0.70 103 (91.2) 60 (95.2) 0.49
Age, years 52.33+8.67 55.54+8.57 0.01 53.77+8.88 54.95+8.31 0.39
Hemoglobin, g/L 147.0 (76-180) 146.0 (60-183) 0.63 146.0 (76-180) 146.0 (60-183) 0.86
AFP, ng/mL 80.2 (0.9-1210) 27.7 (0.7-1210) 0.22 91.9 (0.9-1210) 33.5 (0.7-1210) 0.52
BMI 24.2+2.71 24.6+3.05 0.34 24.2+2.82 24.6+3.07 0.37
Tumor size, mm 45 (10-290) 50 (12-170) 0.52 41 (10-290) 50 (12-170) 0.30
Albumin, g/L 41.8+4.37 41.3+3.53 0.39 41.5+4.67 41.2+3.59 0.73
ALT, U/L 49 (11-451) 41 (10-377) 0.06 40 (14-359) 41 (10-377) 0.83
AST, U/L 40 (11-533) 35 (12-117) 0.08 36 (13-129) 34 (12-117) 0.79
Serum glucose, mmol/L 8.0 (2.9-20.7) 7.7 (2.9-20.4) 0.26 8.0 (3.9-20.7) 7.2 (2.9-20.4) 0.40
Platelet count, 10%/L 125.0 (22-413 134 (56-334) 0.75 123 (22-413) 133 (56-334) 0.62
Prothrombin Time, seconds 12.6+1.22 12.5+1.04 0.37 12.5+1.23 12.5+1.04 0.76
Total bilirubin, pmol/L 14.9 (5-47.8) 15.1 (5.8-49.1) 0.66 15.0 (5.4-47.8) 14.7 (5.8-49.1) 0.79
Live cirrhosis, n (%) 126 (68.5) 36 (54.5) 0.04 71 (62.8) 36 (57.1) 0.46
Antiviral therapy, n (%) 13 (11.0) 2 (4.0) 0.24 8(7.1) 2(3.2) 0.46
Tumor capsule, n (%) 97 (52.7) 31 (47.0) 0.47 66 (58.4) 28 (44.4) 0.08
Duration of diabetes mellitus, months 36 (0-300) 60 (0-156) 0.00 36 (0-252) 60 (0-156) 0.08
Therapy after recurrence, n (%) 75 (40.8) 25 (37.9) 0.68 43 (38.1) 25 (39.7) 0.83
Tumor number, n (%) 0.61 0.59
Single 76 (41.3) 33 (50.0) 49 (43.4) 30 (47.6)
Multiple 108 (58.7) 33 (50.0) 64 (56.6) 33 (52.4)
Edmondson grade, n (%) 0.70 0.39
-1 30 (16.3) 9 (13.6) 22 (19.5) 9 (14.3)
- vi 154 (83.7) 57 (86.4) 91 (80.5) 54 (85.7)
AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, asprine aminotransferase.
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Fig. 1. Kaplan—Meier survival curves for OS (a) and DFS (b) according to metformin usage in the entire cohort (n=250) (P values by log-rank test). DFS,

disease-free survival; OS, overall survival.

of the metformin group (one year, 71 vs 89%; three years,
35 vs 63%; and five years, 25 vs 29%; P=0.031; Fig. 1b).

Univariate Cox proportional hazard regression anal-
ysis revealed that hemoglobin, age, tumor number, and
therapy after recurrence were significant prognostic fac-
tors for OS. This regression analysis also identified that
hemoglobin (hazard ratio: 0.979, 95% CI: 0.970, 0.987;
P=0.000), age (hazard ratio: 0.980, 95% CI: 0.963,
0.999; P=0.035), tumor number (hazard ratio: 2.545,
95% CI: 1.842, 3.515; P=0.000), and therapy after
recurrence (hazard ratio: 0.617, 95% CI: 0.458, 0.833;
P=0.002) were significant prognostic factors for OS.

However, metformin treatment was not associated with a
significantly improved OS.

Propensity score-matched cohort

In the propensity score-matched cohort (72=176), the
median follow-up period was 52.5months (range:
1-145 months). The Kaplan-Meier survival curve indi-
cated that the OS rate of the nonmetformin group was
inferior to that of the metformin group (one year, 77
vs 94%; three years, 49 vs 76%; and five years, 29 vs
53%; P=0.002; Fig. 2a). Similarly, the DFS rate for the

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Survival advantage associated with metformin usage in HCC patients with diabetes mellitus receiving

radical resection Luo et al.

www.eurojgh.com 1033

(a) (b)
1.09 1 1.0 E
Lo ~ " Inon-metformin group L ~ 7 non-metformin group
T ~Imetformin group 2 A —1 metformin group
1 —+—non-metformin group-censored — Y ~—+= non-metformin group-censored
+ metformin group-censored ﬁ ~4~ metformin group-censored
087 — 0.8
o
2
—_
£ :
E w
Z 06 o 06
& <
3 i
w @
P )
2 b
= "
B 0.4 = 044
S (m]
@
5 2
o &
]
0.2 £ 02 e +
| 3
i (&)
|15
0.0 0.0
T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

Time(months)

Time(months)

Fig. 2. Kaplan-Meier survival curves for OS (a) and DFS (b) according to metformin usage in the propensity score-matched cohort (n=176) (P values by

stratified log-rank test). DFS, disease-free survival; OS, overall survival.

nonmetformin group was also inferior to that of the met-
formin group (one year, 63 vs 89%; three years, 33 vs
57%; and five years, 23 vs 26%; P=0.030; Fig. 2b).

Univariate Cox proportional hazard regression anal-
ysis revealed that metformin, hemoglobin, tumor size,
tumor number, antiviral therapy, and therapy after
recurrence were significant prognostic factors for OS.
Multivariate analysis revealed that using metformin
(hazard ratio: 0.558, 95% CI: 0.385, 0.810; P=0.002),
hemoglobin (hazard ratio:0.984, 95% CI: 0.975, 0.994;
P=0.001), and antiviral therapy (hazard ratio:0.410, 95%
CI: 0.173, 0.970; P=0.042) were associated with signifi-
cantly improved OS, and a maximum tumor size of more
than 50mm (hazard ratio: 2.671, 95% CI: 1.843, 3.871;
P<0.001) was an independent explanatory variable asso-
ciated with unfavorable survival. The result did not change
regardless of whether age, serum glucose, AFP level, BMI,
live cirrhosis, tumor capsule, Edmondson grade, and dura-
tion of diabetes mellitus were entered as covariates into
this multivariate analysis model.

Discussion

The adjustment of observed effects in non-randomized
studies is a critical aspect of data analysis because con-
founding influences of covariates can bias effect esti-
mates. Propensity score methods offer a principled
approach to deal with this type of confounding bias
[36,37]. The strength of the present study lies in the
homogeneous subjects of HBV-related HCC with diabe-
tes mellitus enrolled for analysis, and that all subjects
underwent radical resection at two tertiary hospitals.
In the propensity score-matched cohort, the use of
metformin considerably increased the OS and PFS of
patients with HBV-related HCC and diabetes mellitus
who underwent radical resection. In addition, metformin
was regarded as an independent predictive factor of OS
and PFS in patients with HCC. To the best of our knowl-
edge, this study is the first to show the positive asso-
ciation of metformin with improved survival in a large
sample of HBV-related HCC patients receiving curative

hepatectomy with adjustment for other factors through
propensity score matching.

A few publications estimating the effect of metformin
on HCC overall risk using the propensity score matching
method are available [22,38,39]. Consistent with those
studies, we found that metformin usage markedly increased
OS of HBV-related HCC patients with diabetes mellitus
after curative hepatectomy in our propensity-matched
cohort. Chen et al. [22] conducted a cohort study, a ret-
rospective analysis of a prospectively collected computer-
ized database to assess whether metformin would have a
favorable effect on diabetic patients with early HCC who
underwent radiofrequency ablation. They enrolled a total
of 135 HCC patients with 162 tumors, of which 53 were
diabetic, including 21 metformin users and 32 patients
without metformin treatment [22]. Compared with dia-
betic patients, nondiabetic patients had a superior survival
rate (1 year, 93.9 vs 82.8%; 3 years, 80.2 vs 55.1%; 5
years, 64.7 vs 41.3%; P=0.004) [22]. Moreover, in the
diabetic patients, metformin users had a more favorable
survival outcome than those without metformin treatment
after adjustments for potential confounders (adjusted
hazard ratio=0.24, 95% CI: 0.07, 0.80; P=0.020) [22].
According to the multivariate analysis, diabetic patients
without metformin treatment was an independent risk fac-
tor for unfavorable survival (hazard ratio=3.34, 95% CI:
1.67, 6.71; P=0.001) [22], indicating that metformin was
associated with a survival advantage in HCC patients who
underwent radiofrequency ablation. Schulte ef al. [40] per-
formed a retrospective study to verify whether treatment
with metformin for Type 2 Diabetes Mellitus (T2DM) is
associated with prolonged OS in patients with HCC. In
that study, 338 of 1917 patients who were diagnosed with
T2DM received the treatment of metformin [40]. Results
showed that patients on metformin achieved a significantly
longer median OS (mOS) as compared with those without
metformin (22 vs 15months, P=0.019) [40]. Moreover,
when the hepatic function and initial therapy were adjusted
in the propensity score match analysis, the mOS still
remained significantly longer in metformin-treated patients
(22 vs 16, P=0.021) than in nonmetformin patients [40].
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Similar results were reported by Jang et al. [39],
who performed a propensity score matching analysis to
assess the effects of metformin on the clinical outcomes
of patients who underwent radiotherapy for inoperable
HCC. They reviewed 217 patients divided into a met-
formin group (7=19) and nonmetformin group (17=198)
[39]. In the propensity score-matched cohort (n=76), the
2-year survival rate was significantly higher in the met-
formin group compared with the nonmetformin group (76
vs 37%, P=0.022) [39]. The adjusted Cox proportional
hazards model showed that the use of metformin was a
significant factor for lower mortality (adjusted hazard
ratio=0.361, 95% CI: 0.139, 0.935) [39], which agrees
with our findings that metformin significantly prolonged
the OS in HCC patients who received radiotherapy.

However, there are contradictory findings [28,31]. Bhat
et al. [28] performed a retrospective cohort study of 701
patients who had been newly diagnosed with HCC, of
which, the most common etiologies of liver disease were
hepatitis C (34%), alcoholic liver disease (29%), fatty liver
disease (15%), and hepatitis B (9%) [28]. They showed
that compared with diabetic patients without metformin,
diabetic patients treated with metformin did not have a
better survival advantage (hazard ratio=1.0, 95% CI:
0.8, 1.3) [28]. Moreover, among the nondiabetic patients,
patients treated with metformin also did not have better
survival than those without metformin (hazard ratio=1.1,
95% CI: 0.7, 1.7) [28]. The authors concluded that met-
formin had no beneficial, but their study had several
potential limitations that influenced their results. First,
because the study was retrospective, the information on
dose and duration of metformin use was unavailable [28],
thus this information bias may have impacted on the study
outcome. Second, the study was conducted at a tertiary
care referral center, and most of the patients had advanced
liver disease/cancer [28], so selection bias in patients might
also have accounted for their negative results.

Stevens et al. [31] performed a systematic review and
meta-analysis of randomized controlled trials (RCTs) to
evaluate the impact of metformin in cancer patients. They
included RCTs that compared metformin with active glu-
cose-lowering therapy or placebo/usual care [31] and showed
that compared with patients in metformin group, those in
any comparator group (RR=1.02,95% CI: 0.82,1.26), or in
the active-comparator subgroup (RR=0.98, 95% CI: 0.77,
1.23), or in the placebo/usual care comparator subgroup
(RR=1.36,95% CI: 0.74,2.49), all had similar survival out-
comes [31]. In addition, the all-cause mortality was similar
(RR=0.94, 95% CI: 0.79, 1.12) across all trials [31]; there-
fore, the authors suggested that metformin had no significant
effect on all-cause mortality [31]. However, the study lacked
an adjudicated endpoint, and some of the included studies
had heterogeneous comparators, so the study outcome may
have been biased by the potential limitations.

While the exact mechanisms of the action of metformin
in HCC patients with diabetes mellitus are not yet com-
pletely understood, several potential pathways have been
suggested, particularly the AMP-activated protein kinase
(AMPK) signaling pathway. In-vitro and animal-based
studies have reported that metformin may directly inhibit
tumor cell proliferation via activation of AMPK signal-
ing pathway through upstream liver kinase B1 activation
[41-43]. AMPK activation downregulates the mammalian
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target of the rapamycin pathway and its downstream
substrates [42]. Similarly, we found that metformin (haz-
ard ratio=0.558; 95% CI, 0.385-0.810; P=0.002) was
a prognostic factor for OS, suggesting a potentially inde-
pendent cancer therapeutic effect of metformin.

Another proposed mechanism of action by metformin
is via reducing HCC recurrence. Jo et al. [43] reported
that metformin may be used for preventing HCC recur-
rence following primary chemotherapy for HCC and for
high-risk patients, including chronic hepatitis and cirrho-
sis. In our study, the DFS rate for the nonmetformin group
was inferior to that of the metformin group (P=0.030).
The multivariate analysis revealed that metformin (hazard
ratio=0.598; 95% CI, 0.416-0.859; P=0.005) was asso-
ciated with a considerably improved DFS, indicating that
metformin use tended to decrease recurrence of patients
with HBV-related HCC, providing clinical support for
such a mechanism of action.

Nonetheless, several limitations of the present study
should be noted. First, it was a retrospective study, wherein
usage of metformin was not randomized. To overcome this
limitation, we used a propensity score matching technique
to reduce preexisting differences between the groups;
thus, the potential effect of confounding bias should be
marginal. However, the method cannot eliminate all sub-
tle biases. Also, currently, only binary treatment variables
are supported and multivalued categorical, ordinal, or
continuous treatment variables cannot be analyzed. The
current implementation of propensity score matching in
SPSS may affect the accuracy of survival estimated val-
ues. Second, our cohort only included 250 HBV-related
HCC patients with diabetes mellitus who received radical
resection, all having hepatitis B, so the applicability of this
result in other etiological factors related to HCC, such as
HCV, remains unknown. Third, our study did not assess
the effect of metformin dose and duration on OS. Fourth,
due to the limited number of outcomes (only 63 HCC
patients) among people treated with metformin, the play
of chance in the results could not be ruled out. Finally, we
were also unable to clearly distinguish whether the cause
of death was tumor recurrence or liver failure.

Conclusion

Overall, these data suggest that among HBV-related HCC
patients with diabetes mellitus who received radical resec-
tion, metformin use was associated with improved survival.
Further prospective studies with rational stratification for
cogent risk factors and addressing the effects of metformin
therapy in an adjuvant setting for HCC are warranted.
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