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Abstract. Background/Aim: We investigated metformin-
induced cytotoxic effects in vitro and assessed the
chemopreventive effects of metformin in patients undergoing
hepatic resection (HR) for hepatocellular carcinoma (HCC).
Materials and Methods: This study consisted of laboratory
and clinical studies. Results: In vitro study using HCC cell
lines revealed noticeable cytotoxic effects of metformin, that
were largely weaker than those of sorafenib. In the clinical
study, no statistical differences were found in tumor
recurrence or overall survival between metformin and
control groups. In contrast, there was a non-significant
difference in tumor recurrence between metformin and
propensity score-matched control groups, but there was a
significant difference in overall patient survival. Metformin
administration was an independent risk factor for patient
survival. Conclusion: In conclusion, our in vitro laboratory
study demonstrated the presence of cytotoxic effects of
metformin. Metformin administration was associated with
reduced tumor recurrence and helped induce significant
improvements in overall patient survival in patients who
underwent HR for HCC.

Hepatocellular carcinoma (HCC) is one of the most common
malignancies and a leading cause of cancer-related death (1,
2). Hepatic resection (HR) is considered a first-line treatment
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in patients with preserved hepatic function, but the incidence
of tumor recurrence is high after curative HR (3, 4). Several
studies have reported the antitumor effects of new agents as
postoperative adjuvant therapy following HR, but the clinical
impacts of these studies have been limited (5-8). To date, no
well-established strategy for lowering the risk for HCC
recurrence after HR is accepted.

Metformin is a biguanide agent used to treat type 2
diabetes mellitus (DM). It regulates the blood sugar by
improving insulin sensitivity and reducing hepatic glucose
output through inhibition of gluconeogenesis and
glycogenolysis. Recently, metformin has proven capable of
inhibiting cancer cell growth by inducing cell cycle arrest
and enhancing apoptosis (9-12). A considerable number of
studies found that metformin plays a chemopreventive role
in other cancers and is associated with reduced risk for
HCC (13-15). Although a few high-volume population-
based retrospective studies have suggested the possibility
of chemopreventive activity in metformin, the effects of
metformin on post-resection HCC recurrence remain
unclear.

Therefore, in our current study we investigated whether
metformin has cytotoxic effects on liver tumor cell lines in
vitro and further assessed the chemopreventive effects of
metformin on HCC recurrence following HR through a
propensity score-matched clinical study.

Patients and Methods

Study design. This study consisted of two independent parts: a
laboratory research and a clinical study to assess the antitumor
effects of metformin. The laboratory research assessed whether
exposure to metformin has any cytotoxic effect on liver tumor cell
lines. In the clinical study, the rate of tumor recurrence and overall
patient survival after HR of HCC were investigated to assess
whether long-term exposure to metformin has any chemopreventive
effects. These study protocols were approved by the Ethics
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Committee for Animal Study at the Asan Institute of Life Sciences
and the institutional review board of the Asan Medical Center
(AMC-IRB 2017-0576).

Liver tumor cell lines. We used three liver tumor cell lines, one
established cell line and two patient-derived xenograft (PDX) tumor
cell lines. First, because a majority of HCC patients in Korea have
hepatitis B virus (HBV) infection, we chose the HepG2.2.15 cell
line (Korean Advanced Institute of Science and Technology), which
is derived from the human hepatoblastoma cell line HepG2 with
HBV transfection. This liver tumor cell line was cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum, both purchased from Gibco-BRL (Grand Island, NY,
USA). Second, we established two PDX tumor cell lines. Small
pieces of human HCC tissue were obtained during hepatic resection
for HCC in HBV-associated patients who had not undergone any
preoperative HCC treatment (n=2). A small tumor fragment of
0.3 g was implanted subcutaneously in the bilateral hind flanks in
a non-obese diabetic/severe combined immunodeficiency (NOD-
SCID) mouse. After tumor growth for 3 months was confirmed, the
tumor was harvested and implanted into a NOD-SCID mouse. After
stable tumor growth was confirmed, the established first-generation
xenograft tumor was serially implanted in an SCID mouse to
expand the xenograft tumors, which were also implanted
subcutaneously into the nude mouse for further tumor expansion.
These tumors were harvested to establish new PDX tumor cell lines.

In vitro study using liver tumor cell lines. The cytotoxic effects of
metformin were evaluated using the abovementioned three liver
tumor cell lines. The in vitro drug concentration was determined to
be 5-10 mmol/ml for metformin after repeated titration from 5 to
40 mmol/ml, with consideration of the therapeutic ranges in patients
with type 2 diabetes (16). To quantitatively assess metformin-
associated cytotoxicity, we used a 10 umol/ml concentration of
sorafenib as a reference control (17).

To assess cell viability, a 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay was performed to
quantify cell viability using 12-well plates. Optical density was
assessed at 550 nm using a microplate reader (Bio-Rad, Hercules,
CA, USA). Cell survival was expressed as the percentage of the
absorbance of drug-treated cells relative to that of untreated cells.
MTT was purchased from Duchefa (Haarlem, the Netherlands). The
cells were also observed under fluorescence microscopy after 4”,6-
diamidino-2-phenylindole (DAPI)-Hoechst staining (Sigma-Aldrich;
Poole, Dorset, UK).

Propensity score-matched clinical study using a single-institution
cohort. The HCC database at our institution was searched to identify
patients who had undergone primary HR for HCC during the 9 years
from January 2006 to December 2013. To objectively compare the
study groups, patients were narrowly selected according to the
following selection criteria: solitary HCC of 2-5 cm in diameter,
curative surgery with anatomical HR, no macroscopic vascular
invasion, no extrahepatic metastasis including lymph node
metastasis, no preoperative HCC treatment, and Child—Pugh class
A. Through this screening process, 939 patients were selected.
These patients were classified according to postoperative
administration of metformin for control of DM. Metformin use was
defined as a prescription of metformin of more than 12 months
within the initial 2 years following HR for HCC. To assess long-
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term outcomes related to the defined metformin use, 54 patients
who survived for less than 2 years after HR were excluded, leaving
885 patients who survived =2 years as the complete study cohort.
Finally, 45 patients were grouped into the metformin group, and
the 840 remaining patients were the control group. The sample
number for the propensity score-matching (PSM) control group
was estimated using a type I error (o) of 0.1 and a type II error ()
of 0.20, in addition to a 10% survival difference; as a result, the
sample number of the PSM control group became 225. To
overcome possible selection bias, PSM was conducted between the
metformin study group and the control group, using multiple
logistic regression and a 1:5 matching requirement via the nearest-
neighbor matching method (18). We matched baseline
characteristics (age, sex), background liver disease (viral hepatitis
versus others), preoperative level of tumor markers (a-fetoprotein
[AFP] and des-y-carboxy prothrombin [DCP; or proteins induced
by vitamin K antagonist or absence-II]), tumor characteristics (size
and presence of microvascular invasion), and AFP-DCP-tumor
volume (ADV) score (19, 20).

Medical records were retrospectively reviewed after approval by
the institutional review board of our institution. The preoperative
evaluation, follow-up, and treatment for HCC recurrence have been
described previously (4, 21). Patients were followed up until June
2017 using medical record reviews and with the assistance of the
National Health Insurance Service, resulting in a patient follow-up
period of =30 months or until death. All patients were followed to
identify their survival status.

Statistical analysis. Numerical data are presented as means with
standard deviations or as medians with ranges. Continuous variables
were compared using the Student’s ¢-test, and incidence variables
were compared using the chi-square test. Survival curves were
estimated using the Kaplan—-Meier method and compared with the
log-rank test. Cox proportional hazards regression was used for
multivariate survival analyses. p-Values <0.05 were considered
statistically significant. Statistical analyses were performed using
SPSS version 22 (IBM, NY).

Results

In vitro cytotoxicity in cell lines. To assess cell survival, we
performed an MTT assay, which showed a concentration-
dependent decrease in cell survival for 20-h treatment with
5 and 10 mmol/ml metformin in the HepG2.2.15 cell line
(Figure 1A); this response was greater than treatment with
10 and 20 pmol/mL sorafenib. Cell death was lower after
metformin treatment than after sorafenib treatment in PDX
cell lines 1 and 2 (Figure 1B and C). Fluorescence
microscopy with DAPI-Hoechst staining indicated noticeable
apoptosis after exposure to metformin in all three cell lines;
the results were similar after sorafenib exposure (Figure 2).

Patient demographics and post-resection outcomes
according to metformin administration. The process of
patient selection is depicted in Figure 3. The
clinicopathological features of patients belonging to the
metformin study group (n=45), the non-metformin all control
group (n=840), and the PSM control group (n=225) are given
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Figure 1. MTT assay for cell survival assessment using HepG2.2.15 (A) and patient-derived xenograft (PDX) tumor cell lines 1 (B) and 2 (C) with

metformin and sorafenib treatment.

in Table I. The data for the metformin and PSM control
groups are very similar. During follow-up, a median period
of 62 months (range=24-135 months), HCC recurrence
developed in 351 of 885 patients (39.7%) and all-cause death
occurred in 118 of 885 patients (13.3%).

Tumor recurrence rates after HR according to metformin
administration were compared: the 1-, 3- and 5-year rates
were 11.1%, 32.3%, and 42.4% in the metformin study
group; 13.7%, 34.3%, and 42.7% in the control group
(p=0.61) (Figure 4A); and 17.7%, 42.0%, and 54.5% in the
PSM control group (p=0.083), respectively (Figure 5A). For
overall survival, the data were 100%, 97.8%, and 83.2% in
the metformin study group; 100%, 96.4%, and 88.6% in the

all control group (p=0.52) (Figure 4B); and 100%, 89.5%,
and 67.8% in the PSM control group (p=0.028), at 2, 3, and
5 years, respectively (Figure 5B).

Risk factor analysis for tumor recurrence and overall
survival. The results of univariate analyses for post-resection
prognosis are given in Table II. Significant risk factors were
tumor size >3.1 cm and microvascular invasion for tumor
recurrence; and tumor size >3.1 cm and metformin
administration for patient survival. Multivariate analyses
revealed that independent risk factors were tumor size
>3.1 cm for tumor recurrence; and tumor size >3.1 cm and
metformin administration for patient survival (Table III).
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Figure 2. Fluorescence microscopy with DAPI-Hoechst staining in the HepG2.2.15 cell line with treatment of metformin or sorafenib. Arrows

indicate apoptosis.

Discussion

For patients with HCC and preserved hepatic function, HR
is a first-line treatment, but tumor recurrence is high even
after curative HR (3, 4). Thus, there have been many
attempts to decrease the risk for tumor recurrence by
postoperative adjuvant therapy such as interferon Alfa-2b,
acyclic retinoid, vitamin K, and so on (5-8), but none of
these has proven effective in a prospective controlled trial
setting. Vitamin K administration has been reported to have
antitumor effects in a few patients, but meta-analyses,
including a randomized controlled study, have failed to prove
its preventive and therapeutic effects (22, 23). Researchers
have also found that oral administration of vitamin K2 with
or without sorafenib does not show adverse side-effects and
that noticeable antitumor effects occur in some patients with
HCC recurrence after HR or liver transplantation (24, 25).
Therefore, there is a need to discover agents that would be
usable in an adjuvant chemopreventive setting.

DM is a common chronic disease that is not life threatening
in the short term and is estimated to affect 4-5% of the
population worldwide. Along with the increasing prevalence
of the Western lifestyle and obesity in the general population,
the prevalence of DM is expected to increase rapidly in Asian
countries, including Korea. DM per se is not life-threatening
as a disease, but severe forms can be accompanied by serious
complications that lead to deterioration of quality of life and
even death. Moreover, there are accumulating data showing
that patients with DM are also prone to the development of
cancers, including HCC (26-31). Thus, a considerable number
of patients with HCC have had DM.

A nationwide Taiwanese study found that DM has an adverse
effect on patients with HCC regardless of treatment modality,
but the use of metformin significantly reduces the risk for HCC
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Figure 3. Selection process of the study patients for metformin, control
and propensity score-matching (PSM) control groups.

recurrence and improves the overall outcome of patients after
HR if patients survive the first 2 years (32). In our current study,
there was a noticeable reduction in the rates of post-resection
tumor recurrence in the metformin study groups compared to
the PSM control group; however, this was not statistically
significant, probably due to the relatively small number of
cases. In contrast, there was a significant improvement in
overall patient survival in the metformin group.

A few studies have investigated the association between
antidiabetic drugs and the risk for developing HCC and have
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Table I. Comparison of clinicopathological profiles of patients in the metformin and control groups.

Parameter Metformin group Control group PSM control p-Value p-Value
(A) B) group (C) (Avs.B) (Avs.C)
Patient number 45 840 225
Age (years) 60.8+8.6 57495 58.4+8.5 0.021 0.11
Gender (Male/Female) (n) 35/10 671/169 179/46 0.73 0.79
Background liver disease (n) 0.006* 0.060*
HBV 31 710 183
HCV 4 37 12
ALD 6 39 15
Others 4 54 15
Preoperative blood laboratory profiles (mean+SD)
Albumin (g/dl) 3.8+0.5 3.8+0.4 3.8+0.4 0.98 0.97
AST (IU/L) 38.2+25.4 38.7+38.5 41.4+33.3 0.93 0.26
ALT (IU/L) 36.2+20.5 39.6+45.2 43.3+£38.5 0.62 0.23
Total bilirubin (mg/dl) 0.8+0.4 0.8+0.4 0.8+0.4 097 0.98
Platelet count (103/ul) 163.5+46.2 159.3+£55.2 156.5+48.3 0.62 0.37
Prothrombin time (INR) 1.02+0.07 1.08+0.09 1.03+0.07 0.021 0.12
AFP (ng/mL) at operation 0.37 0.55
Mean+SD 176.1+652.9 884.9+3814.2 274.2+2881.2
Median 82 145 6.7
<7.5/>7.5 ng/ml (n) 21/24 336/504 116/109
PIVKA-II (mAU/mL) at operation 0.30 0.83
Mean+SD 157.8+319.3 464.8+1497.6 234.4+711.3
Median (range) 47 53 39
<40/>40 mAU/m (n) 22/23 345/495 114/111
ICG-R15 (%) 13.9+8.2 13.0+£5.5 12.8+5.7
MELD score (Mean+SD) 7.5+1.7 7.7+2.1 7.6+1.9 0.53 0.74
FDG-PET (hypermetabolic/not hypermetabolic) (n) 9/24 345/331 101/103
Tumor diameter (Mean+SD, cm) 3.2+0.9 3.3+09 3.1+£0.8 0.47 045
Tumor volume (Mean+SD, ml 12.6+£11.2 14.3+11.6 12.2+10.7 0.34 0.82
ADV score (Mean+SD, log) 39+1.1 4.5+1.5 39+1.2 0.008 0.96
Extent of liver resection (n) 0.75%%* 1.00%*
Trisectionectomy 0 3 1
Hemihepatectomy 11 161 47
Bisectionectomy 0 24 7
Sectionectomy 29 623 149
Segmentectomy 5 29 21
Microvascular invasion
(present/absent) (n) 7/38 155/685 42/189 0.62 0.67
Most Edmondson-Steiner grade (n) 0.59%** 0.41%**
Well differentiated 12 255 74
Moderately differentiated 23 443 104
Poorly differentiated 10 140 47

HBV: Hepatitis B virus; HCV: hepatitis C virus; ALD; alcoholic liver disease; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
AFP: a-fetoprotein; DCP: des-y-carboxy prothrombin; ICG-R15: indocyanine green retention test at 15 minutes; MELD: model for end-stage liver
disease; FDG-PET: 2-18F-fluoro-2-deoxy-d-glucose positron emission tomography; ADV: AFP-DCP-tumor volume. *Comparison of HBV vs. non-
HBV. **Hemihepatectomy or greater vs. sectionectomy or smaller. ***Well-differentiated vs. moderately-to-poorly differentiated.

reported reduced risks with metformin treatment (22-34).
Metformin has also been demonstrated to inhibit cancer cell
growth and proliferation through cell cycle arrest (35).
effects were clearly
demonstrated in our present analyses, although we did not

Metformin-associated — antitumor
investigate the potential action mechanisms underlying these
effects. Metformin can attenuate the risk of developing HCC
associated with DM in terms of dosage and medication

duration, inhibiting the proliferation of hepatoma cell lines in a
dose-dependent manner; further, the risk of developing HCC
can also be decreased by increasing the duration of metformin
use (13). Our in vitro cell line study findings also indicated that
the antitumor effects of metformin appear to be dose-dependent,
supporting the suggestion of high-dose long-term
administration. However, these antitumor effects have been
demonstrated in only high-volume cohort studies or laboratory
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Table II. Univariate analyses of factors associated with tumor recurrence and patient survival in 270 patients of the metformin and propensity-

score-matching control groups.

Variables Patient Median DFS p-Value 75% OS p-Value
No. period (mos) period (mos)

Background liver disease 042 0.88
HBV 214 59 54
Non-HBV 56 45 51

Serum AFP 0.13 0.46
<7.5 ng/ml 137 59 69
>7.5 ng/ml 133 42 50

Serum DCP 0.78 0.32
<40 mAU/m 136 45 59
>40 mAU/m 134 60 47

ICG-Ry5 (%) 0.071 0.12
<10% 61 67 87
>10% 140 42 49

FDG-PET 0.44 0.079
Not hypermetabolic 127 67 64
Hypermetabolic 110 49 48

Tumor size 0.001 0.006
<3.1 cm 154 69 91
>3.1 cm 116 35 44

ADV score 0.28 0.97
<dlog 155 60 54
>4log 114 42 50

Microvascular invasion 0.044 0.25
Absent 60 55
Present 22 42

Tumor differentiation 0.64 0.16
Well differentiated 86 69 58
Moderately-to-poorly differentiated 184 47 49

Metformin administration 0.083 0.032
No 225 47 49
Yes 45 70 77

Median DFS period: disease-free survival period at 50%; 75%OS period, overall survival period at 75%.

Table III. Multivariate analyses of factors independently associated with tumor recurrence and patient survival in 270 patients of the metformin

and propensity-score-matching control groups.

Variables Tumor recurrence Patient survival

Hazard ratio 95%CI p-Value Hazard ratio 95%CI p-Value
Tumor size (>3.1 cm vs. <3.1cm) 1.78 1.23-2.59 0.002 2.07 1.12-3.57 0.009
Microvascular invasion (Present vs. absent) 1.52 0.95-2.46 0.083 ND
Metformin administration (Yes vs. no) ND 1.51 1.02-2.22 0.042

CI: Confidence interval; ND: not done.

research, implying that these effects exist but their prognostic
power is not great enough to be an independent prognostic
factor in small- or medium-sized volume studies. In our in vitro
study, we compared the potency of antitumor effects between
metformin and sorafenib, and found that the metformin-
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associated effects were variably comparable to those of
sorafenib. This implies that some certain patients may benefit
more from chemoprevention with metformin. Further laboratory
studies should be performed to demonstrate its cytotoxic effects
and the mechanisms underlying its antitumor effects.
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In our clinical study with the PSM control group, the
independent risk factors were a tumor size >3.1 cm for tumor
recurrence and a tumor size >3.1 cm and metformin
administration for patient survival. These results imply that
metformin may be an agent for post-resection chemoprevention.
Thus, further clinical studies should also be performed to
establish the guidelines for patient selection and dosage setting
with the aim of achieving a wide use of metformin for
chemopreventive purposes.

Recently, the antitumor effect of metformin has been
testified for various malignancies other than HCC. A study on

metastatic castration-resistant prostate cancer revealed that
metformin-docetaxel treatment significantly reduced PC3 cell
viability but it did not significantly affect cell migration or
intracellular ATP levels. It was suggested that metformin may
be an effective chemosensitizer for certain types of castration-
resistant prostate cancer cells (36). Another study on
cholangiocarcinoma presented that metformin significantly
suppressed proliferation of cholangiocarcinoma cells in a
dose- and time-dependent manner, that was induced by
targeting signal transducer and activator of transcription 3
(STAT3) and nuclear factor-kappa B (NF-kB) (37). Another
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study also revealed that metformin induced a cell cycle arrest
of gastric cancer stem cells and patient-derived primary tumor
xenografts tumor study showed growth delay and decrease of
the self-renewal ability of the gastric cancer stem cells (38).
These studies suggest that the use of metformin can be
associated with therapeutic strategy to treat various
malignancies.

There were some limitations of this study of note. This was
a retrospective single-center study, and the study population
was not large; thus, our results may not be generalizable. It will
also be necessary to validate the effects of metformin in other
geographic regions to extend our results to HCC patients with
various background liver diseases other than HBV infection.

In conclusion, our present in vitro laboratory study has
demonstrated the existence of cytotoxic effects of
metformin. Metformin administration showed a tendency to
reduce the tumor recurrence rate and helped induce
significant improvement in overall survival in patients who
underwent HR for HCC. High-volume multicenter studies
and refined laboratory studies are necessary to validate these
effects on HCC.
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