
icine®

ONAL STUDY
Med
OBSERVATI
Association of Metformin Use With Cancer-Specific
Mortality in Hepatocellular Carcinoma After

Curative Resection
A Nationwide Population-Based Study

Young-Seok Seo, MD, Yun-Jung Kim, MPH, Mi-Sook Kim, MD, PhD, Kyung-Suk Suh, MD, PhD,
Sang Bum Kim, MD, Chul Ju Han, MD, PhD, Youn Joo Kim, MD, PhD, Won Il Jang, MD,
rm, Chan Mi Park, P o, MSc,
ng
Shin Hee Kang, PhD, Ha Jin Tchoe, MPha
Hyo Jeong Kim, MPH, Jin A Choi, MPH, Hyu
ng

From the patient cohort, 751 diabetic patients who were prescribed

an OHA were analyzed for HCC-specific mortality and retreatment

upon recurrence, comparing 533 patients treated with metformin to 218

developing certain type
min, a biguanide der
prescribed antihypergly

Editor: Raj Kumar.
Received: November 29, 2015; revised: March 13, 2016; accepted: March
26, 2016.
From the Department of Radiation Oncology (Y-SS, M-SK, WIJ), Korea
Institute of Radiological and Medical Sciences; Division for Healthcare
Technology Assessment Research (Y-JK, M-SK, SHK, HJT, CMP, AJJ,
HJK, JAC, MJK), National Evidence-based Healthcare Collaborating
Agency; Department of General Surgery (K-SS), Seoul National University
Hospital; Department of General Surgery (SBK); Department of Internal
Medicine (CJH, YJK), Korea Institute of Radiological and Medical
Sciences; Department of Anatomy (HJC), Seoul National University
College of Medicine, Seoul, Korea; and Department of Oncology (MNP),
McGill University, Montreal, QC, Canada.
Correspondence: Mi-Sook Kim and Min Jung Ko, Department of Radiation

Oncology, Korea Cancer Center Hospital, Korea Institute of Radi-
ological and Medical Sciences, 215–4 Gongneung-dong, Nowon-gu,
Seoul 139-706, Republic of Korea (e-mail: mskim@kirams.re.kr);
Division for Healthcare Technology Assessment Research, National
Evidence-Based Healthcare Collaborating Agency, Namsan Square 7F,
173 Toegye-ro, Jung-gu, Seoul 100-705, Republic of Korea
(e-mail: minjungko@neca.re.kr).

Y-SS and YJK were cofirst authors who equally contributed to this article.
This study was supported by the National Evidence-Based Healthcare

Collaborating Agency, Seoul, Korea (project number NECA-P-14-006).
The authors have no conflicts of interest to disclose.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000003527

Medicine � Volume 95, Number 17, April 2016
hD, Ae Jung J
D, Michael N.
and Min Ju

Abstract: Many preclinical reports and retrospective population

studies have shown an anticancer effect of metformin in patients with

several types of cancer and comorbid type 2 diabetes mellitus (T2DM).

In this work, the anticancer effect of metformin was assessed in

hepatocellular carcinoma (HCC) patients with T2DM who underwent

curative resection.

A population-based retrospective cohort design was used. Data were

obtained from the National Health Insurance Service and Korea Center

Cancer Registry in the Republic of Korea, identifying 5494 patients with

newly diagnosed HCC who underwent curative resection between 2005

and 2011. Crude and adjusted hazard ratios (HRs) were calculated using

Cox proportional hazard models to estimate effects. In the sensitivity

analysis, we excluded patients who started metformin or other oral

hypoglycemic agents (OHAs) after HCC diagnosis to control for

immortal time bias.
Jin Choi, MD, Ph Polak, MD,
Ko, PhD

patients treated without metformin. In the fully adjusted analyses,

metformin users showed a significantly lower risk of HCC-specific

mortality (HR 0.38, 95% confidence interval [CI] 0.30–0.49) and

retreatment events (HR 0.41, 95% CI 0.33–0.52) compared with

metformin nonusers. Risks for HCC-specific mortality were consist-

ently lower among metformin-using groups, excluding patients who

started metformin or OHAs after diagnosis.

In this large population-based cohort of patients with comorbid HCC

and T2DM, treated with curative hepatic resection, metformin use was

associated with improvement of HCC-specific mortality and reduced

occurrence of retreatment events.

(Medicine 95(17):e3527)

Abbreviations: CI = confidence interval, HBV = hepatitis B virus,

HCC = hepatocellular carcinoma, HR = hazard ratio, KCCR =

Korea Center Cancer Registry, MPR = medication possession ratio,

NHIS = National Health Insurance Service, OHA = oral

hypoglycemic agent, PEI = percutaneous ethanol injection, RFA

= radiofrequency ablation, T2DM = type 2 diabetes mellitus, TACE

= transarterial chemoembolization.

INTRODUCTION

H epatocellular carcinoma (HCC) represents the sixth most
common neoplasm and the third leading cause of cancer-

related mortality worldwide. Most cases of HCC (80%) arise in
eastern Asia and sub-Saharan Africa, where the dominant risk
factor is chronic infection with the hepatitis B virus (HBV).1 In
Korea, HBV is endemic, and although the HCC incidence has
declined over the last decade, it remains the fourth most
common cancer in Korean men. This results in mortality from
liver cancer being the second most common cause of cancer-
related death in Korea.2

Hepatic resection is the treatment of choice for HCC in
individuals without cirrhosis, with 5-year survival rates reported
to be�50%.1 However, expected 5-year intrahepatic recurrence
rates have been shown to be up to 70%.3 Although survival rates
for patients with HCC have improved with advances in surgical
techniques and alternative treatments, long-term survival rates
remain unsatisfactory due to the high recurrence and metastasis
rates.3

Type 2 diabetes mellitus (T2DM) increases the risk of

s of cancer, including HCC.4–6 Metfor-

ivative, is one of the most frequently
cemic drugs and is used as the first-line
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therapy for T2DM.7 Many retrospective studies have shown an
anticancer effect from metformin in several cancer types with
T2DM comorbidity.8,9 However, the anticancer effect has not
been observed in all cancers,9,10 and the mechanism of action
and beneficial effects of metformin treatment in certain tumor
types remains controversial. Therefore, prospective clinical
trials are required to determine whether metformin has clinical
benefits as an anticancer agent, and trials using adjuvant
metformin have been initiated in patients with many cancer
types. Both direct and indirect mechanisms of action have been
proposed,11 and whereas these mechanisms are plausible and
suggested by experimental data,12–14 the first randomized
placebo-controlled clinical trial of metformin carried out for
pancreatic cancer showed no benefit.15 This result may be
related to inadequate drug concentrations in certain tumors,
and/or the advanced stage of cancer in patients in this trial.
Compared with other cancers, one may anticipate a greater
effect of metformin on HCC, given that organic cation trans-
porter 1 (SLC22A1) is highly expressed in hepatocytes and can
enable increased uptake of metformin in the liver.16 However,
little is known about the effects of metformin on HCC mortality.
To clarify the potential therapeutic effects and decreasing
recurrence due to metformin treatment in patients with HCC,
a population-based cohort study was conducted, taking
advantage of a large-size data set available from the National
Health Insurance Service (NHIS) and the Korea Center Cancer
Registry (KCCR) in the Republic of Korea. Based on the
hypothesis that a low blood concentration of metformin would
not be capable of decreasing gross tumor burden,17,18 subject
selection for the present study was confined to patients who
underwent curative hepatic resection, and the effect of metfor-
min on microscopic tumor burden and tumor prevention was
evaluated.

METHODS

Data Source
Data were initially provided by the KCCR and were linked

with national claims data from the NHIS using unique personal
identification numbers generated for this study with the consent
of the KCCR. The KCCR data covers nationwide cancer cases
in the Republic of Korea19 and includes the dates and sites of
patients’ primary cancer diagnoses. The NHIS has comprehen-
sive data sets for diagnoses, treatments, procedures, surgical
history, and prescription records of all insured patients, repre-
senting 98% of the entire Korean population. In addition, all
those insured and their dependents are required to have periodic
general health examinations.

As this study was based on routinely collected adminis-
trative data, participant consent was not required. This study
was approved by the institutional review board of the National
Evidence-Based Healthcare Collaborating Agency.

Study Population
The study population initially included 105,367 adults

with a primary diagnosis of HCC (International Classification
of Diseases, 10th revision [ICD-10], C22) identified from
KCCR data between January 1, 2005 and December 31,
2011. Individuals who underwent curative surgical resection
for HCC at diagnosis were selected from the NHIS database.

Seo et al
First, 95,914 patients who had undergone hepatectomy were
excluded. This claim data may have included patients who
underwent surgery for tumor recurrence. Therefore, to
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specifically identify patients who were at an operable stage
upon diagnosis, participants were excluded if they received any
treatment before surgery, including transarterial chemoembo-
lization (TACE), radiofrequency ablation (RFA), percutaneous
ethanol injection (PEI), radiotherapy, or chemotherapy.
Patients with a history of invasive cancers other than HCC
were also excluded. To exclude patients with more severe
diabetes, we excluded insulin users. Patients with a very short
follow-up duration, of <90 days were also excluded. Patients
who did not survive >30 days after surgery were excluded
because of the possibility that they died due to surgical com-
plications. The remaining 5494 patients who underwent cura-
tive resection at diagnosis were enrolled for analysis. All
included patients were divided into groups with or without
T2DM. Patients were included in the T2DM group if they had
�1 diagnosis of T2DM as noted by an ICD-10 code (E11) in the
NHIS data. Patients with T2DM were subdivided into 2 groups
based on the use of oral hypoglycemic agents (OHAs). The
group of T2DM patients using OHA was further divided into
metformin users and metformin nonusers. Details of the
inclusion criteria are presented in Figure 1.

Exposure and Follow-Up
Drug exposure was defined as receiving OHAs in the same

class for �90 days during the follow-up period. All patients
treated with metformin were categorized as ‘‘metformin users,’’
whereas use of other drugs including sulfonylurea, thiazolidi-
nedione, or other OHAs were categorized as ‘‘nonmetformin
users.’’ In patients treated with combination therapies, those
prescribed metformin for >90 days were categorized as
metformin users.

The cohort entry date for each patient was defined as the
first date of diagnosis with HCC, and the exit date (censoring
date) was the earliest of, the date of death, the date of any
clinical event indicating recurrence, 5 years after cohort entry,
or end of the study period on December 31, 2013.

End Points and Definitions
The primary study outcome was HCC-specific mortality.

We obtained the data on HCC-specific deaths from the National
Population Registry of the Korea National Statistical Office
through December 31, 2013, by matching study subjects with
the use of unique personal identification numbers. The second-
ary study outcome was tumor recurrence during follow-up
periods. However, we were not able to obtain information
regarding follow-up imaging or other medical records. There-
fore, we indirectly identified tumor recurrence by analyzing the
data for treatments reflecting tumor recurrence and defined
these as ‘‘retreatment events.’’ Therefore, we regarded any
treatments identified in this manner, which were conducted
�3 months after the initial hepatic resection as treatment for
tumor recurrence. Data for retreatment events were obtained
from the NHIS from patients receiving any of the following,
hepatectomy, RFA, TACE, PEI, radiotherapy, or chemotherapy.

Covariates
Information available from the KCCR included diagnosis

data providing patient cancer types and dates. All other demo-
graphic and clinical information were extracted from claims
data or health examination data provided by the NHIS. Cancer-

Medicine � Volume 95, Number 17, April 2016
related treatment data, including surgery, RFA, TACE, PEI,
radiotherapy, or chemotherapy, and use of diabetes-related
medications were obtained from NHIS data. Patients’ body

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 1. Patient selection flow diagram.
�
To identify the exact patients who are at an operable stage upon diagnosis, participants were
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mass index and biochemical values were abstracted from the
closest NHIS yearly health examination. Comorbidities occur-
ring from 180 days prior to cancer diagnosis through the
date of diagnosis were determined from NHIS claims data.
Comorbidities of interest included myocardial infarction, cor-
onary heart disease, peripheral vascular disease, cardiovascular
disease, chronic pulmonary disease, rheumatic heart disease,

excluded if they had any treatment before surgery, including T
HCC¼hepatocellular carcinoma, OHA¼oral hypoglycemic agent,
TACE¼ transarterial chemoembolization, T2DM¼ type 2 diabetes
and renal insufficiency/renal failure, which were summarized

and not replicable with any antidiabetic drug. All analyses were
using a Charlson comorbidity index20 indicating the influence
of comorbidities other than diabetes and cancer.

Statistical Analysis
In the main analysis, we compared the baseline charac-

teristics of patients categorized by metformin use. We further
compared the rates of HCC-specific mortality and occurrence of
retreatment events during the follow-up period among patients
with and without metformin using a Cox proportional hazard
model and cumulative probability curves derived from Kaplan–
Meier estimates. In addition, we divided retreatment events into
retreatment <2 years and retreatment �2 years after HCC
diagnosis. To estimate the rate of retreatment events <2 years,
we censored those without retreatment up to 2 years after HCC
diagnosis. To examine retreatment events after �2 years, we
targeted retreatment event-free patients, by excluding those who
had retreatment or died before 2 years, and those with a follow-
up period of <2 years. We also compared event rates based on
the medication possession ratio (MPR), which was defined as
total days the target medication was prescribed divided by the

total days between prescriptions. An MPR of >80% was
considered acceptable adherence. After unadjusted analyses
were initially performed, we conducted adjusted analyses,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
including the potential confounding variables of age, sex,
hepatitis B or hepatitis C status, use of antiviral medication,
and Charlson comorbidity index.

We conducted several sensitivity analyses, in the first of
which we excluded patients who started treatment with met-
formin or other OHAs after HCC diagnosis to control for
immortal time bias.21 In the second sensitivity analysis, we
evaluated information from health examinations, which were
available in 67% of patients, allowing analysis adjusted for the
potential confounding variables of age, sex, hepatitis B or
hepatitis C status, use of antiviral medication, Charlson comor-
bidity index, body mass index, total cholesterol, and fasting
glucose levels. Furthermore, we performed a restricted analysis
among those with hepatitis type B or hepatitis type C to
specifically examine the effects in this group at high risk for
HCC. In addition, we analyzed sulfonylurea treatment in the
same manner as metformin treatment to verify that the effects
observed on HCC-specific mortality were specific to metformin

, radiofrequency ablation, PEI, radiotherapy, or chemotherapy.
I¼percutaneous ethanol injection, RFA¼ radiofrequency ablation,
llitus.
performed using Statistical Analysis System software, version
9.3 (SAS Institute, Cary, NC).

RESULTS
From an initial population of 105,367 HCC patients, 5494

patients received treatment with curative resection and met
none of the exclusion criteria. Of those, 751 patients were
prescribed OHAs and classified in the T2DM group, with
533 patients receiving metformin for �90 days (Figure 1).

The median age of the T2DM patients was 60 years, and
�80% were men. Baseline demographics, including clinical
risk factors, comorbidities, or physiological characteristics were
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comparable between metformin users and metformin nonusers.
For HCC patients with T2DM, the total duration of OHA
prescriptions was longer for metformin users than for metfor-
min nonusers. In addition, the proportion of patients receiving
antiviral medication was higher in the nonmetformin group than
in the metformin group (Table 1).

The HCC-specific survival and retreatment event-free
survival was significantly higher among metformin users com-
pared with metformin nonusers in T2DM patients during the
follow-up period (Figure 2A and B). In the unadjusted analyses,
metformin users showed a significant lower risk of HCC-
specific mortality than the metformin nonusers (hazard ratio
[HR] 0.40, 95% confidence interval [CI] 0.32–0.51). After

Seo et al
multivariable analysis adjusted for clinical covariates, metfor-
min users still had a significantly lower risk of events
when compared with metformin nonusers (HR 0.38, 95% CI

TABLE 1. Baseline Characteristics of the Patients by Metformin U

Variables Metformin Users (N¼ 53

Demographic
Male sex 421 (79%)
Age (median, range) 60 (53, 66)

Risk factors
Currently smoking 95 (25%)
Hyperlipidemia 22 (6%)
Hepatitis 353 (66%)

Hepatitis B 311 (58%)
Hepatitis C 112 (21%)

Liver cirrhosis 320 (60%)
Hypertension 433 (81%)
Renal disease 224 (42%)

Charlson comorbidity index
0–6 316 (59%)
7–9 171 (32%)
�10 46 (9%)
Median (interquartile range) 6 (5, 7)

OHA
Prescription, d 647 (278, 1383)
Metformin 533 (100%)
Sulfonylurea 464 (87%)
Thiazolidinedione 98 (19%)
Others 246 (46%)

Antivirus medication
Treated 116 (22%)
Lamivudine 51 (10%)
Entecavir 68 (13%)
Adefovir dipivoxil 22 (4%)
Others 29 (5%)

Resection technique
Segmentectomy 57 (11%)
Sectionectomy 223 (42%)
Hemihepatectomy 221 (41%)
Trisectionectomy 32 (6%)

Health examination data
Available patients 354 (66%)

Body mass index, kg/m2 24.4 (22.7, 26.5)
Total cholesterol, mg/dL 173 (148.5, 201)
Fasting glucose, mg/dL 121 (104.5, 151.5)

Data are median values (and interquartile range) or numbers (percentage
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0.30–0.49). The adjusted risk for retreatment events was also
significantly lower in metformin users (HR 0.41, 95% CI 0.33–
0.52) compared with metformin nonusers. Further examination
of the relationship between metformin use and the occurrence of
retreatment events within two years, or�2 years after diagnosis
showed that the adjusted risks were also lower for metformin
users in both analyses (HR 0.40, 95% CI 0.31–0.53 for recur-
rence within 2 years; HR 0.52, 95% CI 0.35–0.76 for recurrence
after �2 years; Table 2).

Subgroup analysis of metformin users found the adjusted
risk for HCC-specific mortality to be significantly lower for
patients with an MPR of�80%, compared with those having an
MPR of<80% (HR 0.57, 95% CI 0.41–0.78). A Kaplan–Meier

Medicine � Volume 95, Number 17, April 2016
estimation of survival is displayed in Figure 3.
The sensitivity analysis found risks for HCC-specific

mortality to be consistently lower among metformin using

se

3) Metformin Nonusers (N¼ 218) P

177 (81%) 0.50
60 (52, 67) 0.62

33 (22%) 0.37
15 (10%) 0.09

149 (68%) 0.58
131 (60%) 0.66
56 (26%) 0.16

141 (65%) 0.24
172 (79%) 0.46
88 (40%) 0.68

126 (58%) 0.93
72 (33%) 0.93
20 (9%) 0.93

6 (4, 8) 0.50

468 (256, 968) <0.01
65 (30%) <0.01

202 (93%) 0.03
28 (13%) 0.07
91 (42%) 0.27

68 (31%) 0.01
15 (7%) <0.01
39 (18%) 0.07
15 (7%) 0.11
13 (6%) 0.78

29 (13%) 0.31
94 (43%) 0.75
88 (40%) 0.78

7 (3%) 0.12

149 (68%)
24.3 (22.5, 26.7) 0.97
173 (149, 197) 0.23
119 (103.5, 150) 0.77

). OHA¼ oral hypoglycemic agent.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Kaplan–Meier estimation of HCC-specific and retreatment
�

event-free survival. HCC-specific (A) and retreatment event-free
(B) survival in T2DM who were prescribed OHAs.

�
Retreatment event was defined as cancer-related treatment conducted 3 months after

initial hepatic resection including surgery, RFA, TACE, PEI, radiotherapy, or chemotherapy. In the retreatment event analysis, patients were
of
ra
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groups. This held for the grouping that excluded patients who
started OHAs after diagnosis, and the group of patients with
available health examination data. A subgroup analysis based
on hepatitis type showed metformin users had a consistently
lower HCC-specific mortality compared with metformin nonu-

excluded whose retreatment event occurs before the initiation
hypoglycemic agent, PEI¼percutaneous ethanol injection, RFA¼
T2DM¼ type 2 diabetes mellitus.
sers. Of note, in contrast to metformin, sulfonylurea users did

not achieve significantly lower risk for HCC-specific mortality
compared with that of sulfonylurea nonusers (Table 3).

DISCUSSION
In this Korean population-based cohort of newly diagnosed

diabetic patients with HCC treated with hepatic resection, we
observed a significant reduction in the rate of HCC-specific
mortality and retreatment events in the T2DM patients who used
metformin compared with those who did not use metformin.
There have been a limited number of studies examining met-

formin’s effect on survival in HCC.22,23 The positive result seen
by Chen et al22 in HCC patients with T2DM after RFA, where
they observed a 76% mortality reduction in metformin users,

TABLE 2. Incidence and HRs of HCC-Specific Mortality and Retre

Incidence

Outcomes
Metformin
Users (%)

Metformin
Nonusers (%)

HCC-specific mortality 169/533 (32) 111/218 (51)
Retreatment eventsy 210/508 (41) 135/202 (67)
<2 y 119/508 (23) 98/202 (49)
�2 yz 91/354 (26) 37/86 (43)

HRs are for patients with metformin user with reference to patients wit
carcinoma, HR¼ hazard ratio, OHA¼ oral hypoglycemic agent, PEI
TACE¼ transarterial chemoembolization.�

Models were adjusted for age, sex, hepatitis type, antiviral medication
yRetreatment events after curative resection were estimated based on 508

from the analysis whose retreatment event occurred before the prescription of
3 months after initial hepatic resection including surgery, RFA, TACE, PE
zAfter excluding those with retreatment events or death within 2 years, o

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
were criticized for having a small number of patients and
lacking controls for immortal time bias.21 Bhat et al,23 analyz-
ing a relatively large cohort (701 patients) reported that met-
formin use does not improve survival in HCC. However, that
cohort had heterogeneous characteristics with patients at var-
ious stages of disease and was missing staging data for some
patients. In addition, the authors indicated that their analysis
was not adjusted for treatment modalities.

In several epidemiologic studies, metformin use was
associated with a reduced incidence of HCC in T2DM
patients.4–6 A comprehensive meta-analysis of 10 studies
reported that metformin use was associated with a 50%
reduction in the risk of developing HCC, whereas use of
sulfonylureas or insulin did not alter the high risk of developing
HCC in patients with T2DM.24 Therefore, metformin can be
considered a potent inhibitor of de novo tumor development in
this carcinogenic environment. Our results confirmed this

OHA prescription. HCC¼hepatocellular carcinoma, OHA¼oral
diofrequency ablation, TACE¼ transarterial chemoembolization,
activity, as metformin use reduced recurrence, measured using
retreatment events, occurring >2 years after hepatic resection
(Table 2), where recurrence is generally due to de novo tumor

atment Event by Metformin Use

Unadjusted Risk Adjusted Risk
�

HR
(95% CI) P

HR
(95% CI) P

0.40 (0.32�0.51) <0.01 0.38 (0.30–0.49) <0.01
0.42 (0.33�0.52) <0.01 0.41 (0.33–0.52) <0.01
0.41 (0.31�0.53) <0.01 0.41 (0.31–0.53) <0.01
0.47 (0.32�0.69) 0.01 0.52 (0.35–0.76) <0.01

h metformin nonusers. CI¼ confidence interval, HCC¼ hepatocellular
¼ percutaneous ethanol injection, RFA¼ radiofrequency ablation,

, and Charlson comorbidity index.
metformin users, and 202 metformin nonusers as patients were excluded
an OHA. Retreatment was defined as cancer-related treatment conducted
I, radiotherapy, or chemotherapy.
r follow-up of <2 years, retreatment rate after 2 years was estimated.
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FIGURE 3. Kaplan–Meier estimation of HCC-specific survival by

Seo et al
formation in the carcinogenic cirrhotic environment.1,25 Early
phase recurrence, occurring within 2 years of resection, is likely
to originate from intrahepatic metastasis of the primary
tumor.1,25 Our result also showed that metformin reduced
retreatment events for these early (<2 years) recurrences
(Table 2). These results can be interpreted as metformin having
a therapeutic effect on micrometastases and an inhibitory effect
preventing the development of de novo tumors. However,
the question remains as to whether metformin use in the
clinical environment can sufficiently inhibit HCC gross tumor
burden.17,18

To prevent immortal time bias,21 a critical error in phar-
macoepidemiological research, we analyzed a metformin user

MPR in metformin user group. HCC¼hepatocellular carcinoma,
MPR¼medication possession ratio.
cohort that had been exposed to metformin prior to HCC
diagnosis. In the sensitivity analysis, a significant reduction
in HCC-specific mortality of metformin users was still observed

TABLE 3. Sensitivity Analyses for Association Between Medicatio

Mortality Rate

Analysis Users (%) Nonusers

Metformin users vs nonusers
Main analysis 169/533 (32) 111/218
Excluding OHA started after diagnosis 109/305 (36) 72/147
Available of health examination datay 90/354 (25) 65/149
Subgroup analysis

Hepatitis B 89//311 (29) 60/131
Hepatitis C 37/112 (33) 22/131
Without hepatitis type B/C 62/180 (34) 43/69

Sulfonylurea users vs nonusers 237/620 (38) 40/128

HRs are for patients with drug use in reference to patients without
HR¼ hazard ratio, OHA¼ oral hypoglycemic agent.�

Models were adjusted for age, sex, hepatitis type, antiviral medication,
yModels were adjusted for age, sex, hepatitis type, antiviral medication, Ch

glucose.

6 | www.md-journal.com
after excluding patients who started OHAs after diagnosis
(Table 3). In addition, the Charlson comorbidity index, use
of antiviral medication, and other factors expected to affect
prognosis were adjusted in each sensitivity analysis. Consider-
ing that hepatitis is endemic to Korea, a subgroup analysis based
on hepatitis type was performed; however, the benefit provided
by metformin were observed in both types examined (Table 3).
In addition, to rule out healthy-user bias, we analyzed outcomes
after treatment with sulfonylurea using the same methodology
as for metformin treatment26 and found sulfonylurea treatment
to not be associated with the decrease in HCC-specific mortality
(Table 3).

Our study has several strengths. First, the present study has
a large sample size, increasing the power of our statistical
analysis and minimizing the tendency for selection bias. Sec-
ond, as treatment strategy of HCC is the strongest prognostic
factor influencing outcome,27 we therefore only enrolled
patients treated with curative hepatic resection and used restric-
tive inclusion criteria making our patient cohort more hom-
ogenous. Third, we showed that patients with a higher MPR
(�80%) for metformin showed a significant reduction in HCC-
specific mortality compared with the lower MPR group.

Findings from our study should be interpreted in the
context of the following limitations. First, confounding by
indication is always a threat to the validity of observational
studies. Although we used adjusted models to account for this,
we still cannot rule out unmeasured variables such as tumor
size, vascular invasion, pathological findings, Child–Pugh
score, and tumor markers. Second, dose and exposure duration
were not considered, giving the potential for a time-window
bias, meaning a patient observed for a longer period is more
likely to be exposed to treatment than one observed for a shorter
period.21 Third, our study did not consider the effect of other
drugs that have been reported to relate to cancer mortality,
such as aspirin, statins, or bisphosphonates.28

In conclusion, in this large population-based cohort
of HCC patients with T2DM treated with tumor resection,
metformin use was associated with the improvement of

Medicine � Volume 95, Number 17, April 2016
HCC-specific mortality and decreased occurrence of retreat-
ment events. To verify the anticancer effect of metformin in
patients with HCC, a randomized trial will be necessary in

n and HCC-Specific Mortality

Unadjusted Risk Adjusted Risk
�

(%) HR 95% CI P HR 95% CI P

(51) 0.40 0.32�0.51 <0.01 0.38 0.30�0.49 <0.01
(49) 0.49 0.36�0.66 <0.01 0.44 0.32�0.59 <0.01
(44) 0.38 0.27�0.52 <0.01 0.39 0.28�0.54 <0.01

(46) 0.38 0.27�0.53 <0.01 0.36 0.26�0.50 <0.01
(39) 0.54 0.32�0.92 0.02 0.44 0.26�0.76 0.03
(62) 0.35 0.24�0.53 <0.01 0.36 0.24�0.54 <0.01
(31) 1.36 0.97�1.90 0.07 1.29 0.92�1.81 0.14

drug use. CI¼ confidence interval, HCC¼ hepatocellular carcinoma,

and Charlson comorbidity index.
arlson comorbidity index, body mass index, total cholesterol, and fasting

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



patients without T2DM. The present results serve as back-
ground data and rationale for future prospective trials.
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