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Abstract

AIM: To assess whether metformin, which has a che-
mopreventive effect in chronic liver disease, has any
chemotherapeutic effect in hepatocellular carcinoma.

METHODS: This was a retrospective study of 701 pa-
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tients with newly diagnosed hepatocellular carcinoma
(HCC) seen between January 2005 and June 2011 at
Mayo Clinic, Rochester, Minnesota. This patient cohort
was a part of the global HCC BRIDGE study, which is a
large longitudinal study of HCC determining the real-
world experience of HCC characteristics, management
and patient outcomes. We defined significant metfor-
min exposure as continuation of this agent at least 90
d beyond diagnosis of HCC, and compared survival of
diabetic patients on metformin to diabetic patients not
on metformin and non-diabetics.

RESULTS: Our cohort was 72.9% male, with a mean
+ SD age of 62.6 £ 12.3 years. The most common
etiologies of liver disease were hepatitis C (34%), alco-
holic liver disease (29%), fatty liver disease (15%) and
hepatitis B (9%). By univariate analysis, using diabet-
ics not on metformin as the reference group, diabetic
patients with HCC on metformin had no survival advan-
tage, with a HR (95%(CI) of 1.0 (0.8-1.3). Non-diabetic
HCC patients also did not appear to have a survival
advantage as compared to diabetic HCC patients not
on metformin, as demonstrated by a HR (95%CI) of
1.1 (0.7-1.7). Diabetics on metformin beyond 90 d after
HCC diagnosis had a longer median survival at 34.2 mo,
as compared to 25.5 mo among diabetic patients who
were not on metformin or had discontinued metformin
within 90 d after HCC diagnosis. This finding was likely
due to potential survival bias among those who lived
long enough to receive metformin.

CONCLUSION: Although the literature suggests a che-
motherapeutic effect in other malignancies, our study
demonstrates no survival benefit to the use of metfor-
min in diabetic patients with HCC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Metformin has been shown to prevent the de-
velopment of hepatocellular carcinoma (HCC) among
patients with diabetes and chronic liver disease in ret-
rospective studies. This agent results in inhibition of the
mTOR pathway, integral to many malignancies. We in-
vestigated the role of metformin as a chemotherapeutic
agent in HCC, by assessing whether its use in patients
newly diagnosed with this cancer had improved survival
as compared to diabetics on other hypoglycemic agents
and those without diabetes. Our analysis clearly reveals
that there is no overall survival benefit in using metfor-
min for those patients newly diagnosed with HCC.

Bhat M, Chaiteerakij R, Harmsen WS, Schleck CD, Yang JD,
Giama NH, Therneau TM, Gores GJ, Roberts LR. Metformin
does not improve survival in patients with hepatocellular carci-
noma. World J Gastroenterol 2014; 20(42): 15750-15755 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
142/15750.htm DOI: http://dx.doi.org/10.3748/wjg.v20.142.15750

INTRODUCTION

Hepatocellular carcinoma (HCC) arises in the context
of chronic liver disease and has been rising in incidence

across North America, as the number of people with
hepatitis C cirrhosis and non-alcoholic steatohepatitis-
induced cirrhosis increases'. It is often diagnosed at an
advanced stage, when curative treatments such as resec-
tion or liver transplant are no longer feasible, resulting
in a poor overall 5-year survival rate of less than 15%".
In fact, HCC is the most rapidly rising cause of cancer-
related deaths among men in the United States”. The
only chemotherapeutic option that has been shown to
modestly increase survival in advanced HCC is sorafenib,
a Ras-Raf kinase and vascular endothelial growth factor
(VEGF) inhibitor”, Given that HCC develops through
the upregulation of vatious pathways including the mam-
malian target of rapamycin (mTOR) pathway, mTOR in-
hibitors are currently being investigated as chemotherapy
for HCC". Growth factors such as insulin-like growth
factor (IGF-1) stimulate the mTOR pathway, a survival
pathway whose upregulation has been detected in up to
50% of HCC tumors'. This stimulation of the mTOR
pathway leads to selectively increased translation of
mRNAs key to fuelling tumor development and progres-
sion. The mTOR pathway as a pro-survival pathway is
particularly affected by cellular energetics. AMP-activated
protein kinase (AMPK), an intracellular sensor serving
to maintain energy balance, is stimulated by increased
energy consumption as reflected by an elevated AMP/
ATP ratio. AMPK activation in turn inhibits the mTOR
pathway and anabolic processes, including the energy-
consuming process of protein synthesis.

Metformin, a biguanide medication used commonly
in diabetics, is known to inhibit the mTOR pathway
through AMPK activation. Metformin has been shown to

Baishidenge ~ WJG | www.wjgnet.com

15751

Bhat M et a/. Metformin does not improve HCC survival

inhibit tumor growth ir vitro and in vive by inducing apop-
tosis in various malignancies including breast”, lung[S] and
melanoma”. A greater effect on HCC could be anticipat-
ed, given that the organic cation transporter 1 (OCT1) is
most highly expressed in hepatocytes, enabling increased
uptake of metformin in the liver". Retrospective studies
have suggested that metformin prevents development of
HCC among patients with diabetes"" and diabetic pa-
tients with chronic liver disease!”. The former large pop-
ulation-based study by Chen ¢z a/'"! demonstrated a dose-
dependent decrease in the risk of HCC among diabetic
patients. A recent meta-analysis further confirmed a 50%
decreased HCC incidence among diabetics on metfor-
min'". This hypoglycemic agent has been shown to have
a potent tumor suppressive effect in various malignan-
cies, through AMPK activation and subsequent inhibition
of the mTOR pathway. The observed activation of the
mTOR pathway in about 50% of HCCs makes mTOR
inhibition relevant to their treatment”. Based on the
above convincing literature for a chemopreventive effect
in HCC and iz vivo animal data on a chemotherapeutic
effect of metformin on various malignancies including
HCC, the goal of our study was to assess whether met-
formin might have a chemotherapeutic effect in patients
newly-diagnosed with HCC.

We performed a retrospective study at Mayo Clinic to
investigate two clinical questions: firstly, whether metfor-
min had a significant effect on survival of patients newly-
diagnosed with HCC, and secondly, whether it was safe
for patients with HCC developing in the context of cir-
rhosis to continue on metformin.

MATERIALS AND METHODS

This study was comprised of 701 patients aged = 18
newly diagnosed with HCC between January 2005 and
June 2011. This patient cohort was a part of the global
HCC BRIDGE study, which is a large longitudinal co-
hort study of HCC determining the real-world experi-
ence of HCC characteristics, management and patient
outcomes. The diagnosis of HCC was made by histopa-
thology or noninvasive criteria according to the American
Association for the Study of Liver Disease (AASLD) or
European Association for the Study of the Liver (EASL)
guidelines. Data were collected retrospectively and pro-
spectively as recorded in the medical record into the
BRIDGE database. Information on metformin was ad-
ditionally abstracted from the medical record. Significant
metformin exposute was defined as intake of this medi-
cation at the time of HCC diagnosis, and continuation
beyond 90 d following diagnosis. The study was approved
by the Mayo Clinic Rochester Institutional Review Board.

Statistical analysis

We separated the HCC patients into the following cate-
goties: non-diabetics, diabetics not on metformin or who
discontinued metformin within 90 d of HCC diagnosis,
and diabetics who continued metformin beyond 90 d af-
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Table 1 Baseline characteristics of patients in the study

Variables Non-diabetic (# = 438) Diabetics not on metformin (7 = 207) Diabetics on metformin (7 = 56) P value
Age, yr
Mean + SD 61.4+13.3 64.7 £10.3 64.4+9.7 0.003
Median 61.1 65.5 62
Q1, Q3 53.9,71.4 56.7,72.0 57.7,71.4
Range 19.0-91.5 19.8-89.4 43.3-88.0
Age group 0.001
<20yr 2(0.5) 1(0.5) 0(0.0)
21-40 yr 22 (5.0) 2 (1.0) 0(0.0)
41-60 yr 189 (43.2) 64 (30.9) 19 (33.9)
=61 yr 225 (51.4) 140 (67.6) 37 (66.1)
Gender 0.060
Female 132 (30.1) 47 (22.7) 11 (19.6)
Male 306 (69.9) 160 (77.3) 45 (80.4)
Caucasian 326 (74.4) 168 (81.2) 43 (76.8) 0.170
Etiology of liver disease
Hepatitis C 161 (37.2) 61 (29.9) 12 (21.8) 0.030
Hepatitis B 49 (11.3) 6 (2.9) 5(9.1) 0.002
Alcoholic liver disease 129 (30.0) 59 (28.9) 10 (18.5) 0.210
Nonalcoholic fatty liver disease 25 (5.8) 63 (30.9) 14 (25.9) < 0.0001
Other 74 (16.9) 18 (8.7) 15 (26.8) 0.012
BCLC stage
Missing 125 45 17 0.080
0/A 72 (23.0) 26 (16.0) 11 (28.2)
B 43 (13.7) 15 (9.3) 4 (10.3)
C 165 (52.7) 96 (59.3) 23 (59.0)
D 33 (10.5) 25 (15.4) 1(2.6)

All data except for age are shown in 7 (%). BCLC: Barcelona-Clinic Liver Cancer.

ter HCC diagnosis. Follow-up was censored on January 1,
2013. Death was the primary endpoint. Median survival,
defined as the time from day 91 after the first diagnosis
date to the date of last follow-up or death, was estimated
using the Kaplan-Meier method and compared using the
log-rank test. Patients who were lost to follow-up or died
within 90 d after HCC diagnosis were excluded from the
analysis. The association between age, gender, etiology
of chronic liver disease, the Barcelona-Clinic Liver Can-
cer (BCLC) stage, diabetes or metformin use and risk of
death was determined by HR and 95%CI calculated by
Cox-proportional hazards regression. Variables with a P
value of < 0.05 were included in a multivariate model.
Gender was also included in the multivariate model as a
potential confounder. A P value of < 0.05 was consid-
ered statistically significant.

RESULTS

Our cohort was 72.9% male, with a mean = SD age of
62.6 £ 12.3 years. The most common etiologies of liver
disease were hepatitis C (34%), alcoholic liver disease
(29%), fatty liver disease (15%) and hepatitis B (9%).
The BCLC stage distribution at the time of diagnosis is
shown in Table 1.

Table 2 shows univariate and multivariate Cox Pro-
portional Hazards analysis of survival predictors of HCC
patients in this study. Given that BCLC stage is a known
predictor of survival in HCC patients, only the 514 pa-
tients for whom data on the BCLC stage was available
were included in the multivariate Cox Proportional Haz-
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ards analysis. By univariate analysis, using diabetics not
on metformin as the reference group, diabetic patients
with HCC on metformin had no survival advantage, with
a HR (95%CI) of 1.0 (0.8-1.3). Non-diabetic HCC pa-
tients also did not appear to have a survival advantage as
compared to diabetic HCC patients not on metformin, as
demonstrated by a HR (95%CI) of 1.1 (0.7-1.7).

By the time the data was censored, 427 of the 701
(60.9%) patients had died. The median survival of the
entire cohort was 26.9 mo with a 1-year survival rate of
26.9% (95%CI: 59.0-66.3). Figure 1 illustrates the Kaplan-
Meier curves of these groups, with the diabetics on met-
formin beyond 90 d of HCC diagnosis having the longest
median survival of 34.2 mo as compared to 25.5 mo
among diabetic patients who were not on metformin or
had discontinued metformin within 90 d after HCC diag-
nosis (Table 2).

Assessment of survival in patients with HCC in the
context of fatty liver disease also showed no benefit to
the use of metformin. Although nonalcoholic fatty liver
disease (NAFLD)-related HCC patients with diabetes
who were on metformin had longer median survival than
those not on metformin (36.5 mo #s 16.3 mo), the sur-
vival difference was not statistically significant (P = 0.24),
likely due to the small number of NAFLD-related HCC
patients who were on metformin (7 = 14).

DISCUSSION

Type 2 diabetes is a significant risk factor for the devel-
opment of malignancies, including HCC"Y. Diabetes
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Table 2 Survival of patients newly diagnosed with hepatocellular carcinoma, categorized according to demographics, etiologies of

liver disease, stage, diabetes status and metformin use

Number of Median survival 1-yr Kaplan-meier Unadjusted HR P value  Adjusted HR P value
deaths/total (mo) estimate (95%CI) (95%CI) (95%CI)
Male 314/511 25.2 61.8% (57.7-66.3) 1.1 (0.9-1.3) 0.54 1.0 (0.8-1.3) 0.73
Age, per 10 yr - - - 1.2 (1.1-1.3) <0.001 1.2 (1.1-1.3) <0.001
Caucasian 329/537 24.6 64.6% (60.6-68.9) 0.9 (0.8-1.1) 0.36
Etiology of liver disease
Hepatitis C 127/234 29 65.6% (59.7-72.1) 0.8 (0.6-0.9) 0.0095
Hepatitis B 30/60 30.2 58.1% (46.3-72.8) 0.9 (0.6-1.3) 0.52
Alcoholic liver disease 126/198 19.8 60.8% (54.3-68.1) 1.0 (0.8-1.3) 0.75
NAFLD 64/102 29.4 67.6% (58.8-77.7) 1.0 (reference) 0.98
BCLC stage
0/A 39/109 >97.3 88.4% (82.5-94.8) 1.0 (reference)  <0.001 1.0 (reference) < 0.001
B 32/62 41.0 70.0% (59.3-82.7) 1.9 (1.2-3.1) 0.005 2.0 (1.2-3.1) 0.005
C 205/284 15.2 50.1% (44.5-56.4) 3.8 (2.7-5.4) <0.001 3.7 (2.6-5.2) <0.001
D 32/59 30.6 58.9% (47.2-73.5) 2.4 (1.5-3.8) <0.001 2.5 (1.6-4.0) <0.001
Diabetes
metformin status
Non-diabetic 257/438 27.3 61.4% (56.9-66.3) 1.0 (0.7-1.4) 0.98 1.1 (0.7-1.7) 0.59
Continue metformin 37/56 34.2 60.6% (48.8-75.4) 0.9 (0.7-1.1) 0.30 1.0 (0.8-1.3) 0.77
No metformin or 133/207 25.5 65.5% (59.2-72.4) 1.0 (reference) 0.52 1.0 (reference) 0.86
Discontinue within 90 d
In patients with NAFLD
Non-diabetic 11/25 46.7 79.5% (64.9-97.3) 0.4 (0.2-0.7) 0.005
Continue metformin 7/14 36.5 65.7% (43.1-100.0) 0.6 (0.3-1.4) 0.24
No metformin or discontinue 46/63 16.3 63.0% (51.8-76.7) 1.0 (reference) 0.01

within 90 d

BCLC: Barcelona-Clinic Liver Cancer; NAFLD: Nonalcoholic fatty liver disease.

100 — Non-diabetic
""""" Diabetic, no metformin
80 — — Diabetic, with metformin
S
o 60 |
®
©
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s 40
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0 | | | | |
0.25 1 2 3 4 5
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Figure 1 Kaplan-Meier survival curves of patients with hepatocellular
carcinoma according to the following categories: (1) non-diabetics; (2)
diabetics not on metformin; and (3) diabetics on metformin.

remains a risk factor even after having adjusted for tra-
ditional liver disease risk factors such as alcoholic and
viral liver disease™ . This is most likely due to the higher
prevalence of non-alcoholic steatohepatitis among dia-
betics, which is in itself a risk factor for HCC. An insulin-
resistant state leads to activation of the IGF-1/mTOR
signalling cascade and consequent hepatic steatosis. Ad-
ditionally, patients with cirrhosis have defective insulin
release and sensitivity, which can further contribute to
hyperglycemia“(’].

The increased risk of HCC among patients with an
insulin-resistant state is the reason metformin has gar-
nered such interest as a chemopreventive and chemo-
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therapeutic agent. Recently, research into therapeutics
for malignancy has turned towards agents that modify
aspects of metabolism. The pro-survival mTOR path-
way is particularly affected by cellular energetics. AMP-
activated protein kinase (AMPK), an intracellular sensor
that serves to maintain energy balance, is stimulated by
increased energy consumption as reflected by an elevated
AMP/ATP ratio. AMPK activation in turn inhibits
the mTOR pathway and anabolic processes, includ-
ing the energy-consuming process of protein synthesis.
Metformin is thought to affect tumor growth by two
mechanisms: (1) through inhibition of mitochondrial oxi-
dative phosphorylation which activates AMPK thereby
resulting in mTOR pathway inhibition; and (2) through
decreased serum glucose, which inhibits IGF-R, thereby
preventing downstream mTOR pathway activation in
insulin-responsive cancers'”. Over the last few years,
metformin has demonstrated promising results in vari-
ous malignancies, including breast cancer'”, lung cancer'
and melanoma”. Retrospective studies have suggested
that metformin prevents development of HCC among
patients with diabetes""" and those with chronic liver
disease”. A greater effect on HCC could be anticipated,
given that the OCT1 transporter is most highly expressed
in hepatocytes, enabling increased uptake of metformin
in the liver". Therefore, the reality of 7 vivo pharmaco-
kinetics favours accumulation of metformin in the liver.
Metformin is absorbed from the gut into the portal vein
circulation, which drains directly into the liver. In vitro,
by inhibiting the mTOR pathway, rather than activating
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it as insulin would, metformin arrests the cell cycle and
induces cancer cell apoptosis“sl. In vivo, metformin has
been shown to inhibit DEN-induced liver tumorigenesis
by affecting lipogenesis[w] and inhibit tumor growth in
mouse xenograft models of HCC™. Induction of cancer
cell apoptosis following cell cycle arrest appears to be the
mechanism undetlying tumor growth inhibition in these
xenograft models™.

We therefore set out to evaluate whether metformin
had a therapeutic effect on HCC once diagnosed. Based
on our findings, one can conclude that in patients with
a new diagnosis of HCC, continuation of metformin
beyond 90 d after this diagnosis does not appear to have
a beneficial chemotherapeutic effect as measured by sut-
vival. This result was independent of BCLC stage and
patient age. Additionally, patients with HCC caused by
fatty liver disease had no greater survival advantage on
metformin as compared to those patients not on met-
formin. It may be that HCCs that develop in patients
on metformin break through this agent, and are cither
resistant to mTOR inhibition or dependent on other pro-
carcinogenic pathways. Two recent retrospective studies
of metformin use among breast cancer patients revealed
no evidence of improved survival, even when adjusting
for cumulative metformin duration™””. However, we
did also find that metformin appears to be well tolerated
without major side effects, in particular lactic acidosis in
this patient population with advanced liver disease. This
finding supported our recent report showing that metfor-
min can be used safely in patients with cirrhosis, regard-
less of severity of liver impairment, if there is no specific
contraindication™”.

An important point to note is our definition of sig-
nificant exposure, wherein only those patients who had
continued metformin beyond 90 d after the diagnosis of
HCC were considered as having been significantly ex-
posed. The censoring of patients who passed away within
90 d of diagnosis accounts for the paradoxically increased
median survival of the remaining stage D patients as
compared to that of stage C patients. This is because a
significant proportion of the stage D patients died within
90 d after HCC diagnosis. Nonetheless, the confidence
intervals for the two median survivals have substantial
overlap, indicating that the median survivals were in fact
similat.

This study is the first to evaluate whether metformin
has any positive impact on HCC once diagnosed. The
main limitations are the retrospective study design and
the relatively small population of 701 patients. Due to
the retrospective study design, we were not able to obtain
information on dose and duration of metformin use.
Additionally, data on BCLC stage was missing for some
patients. Because information on the first treatment for
HCC was not always recorded in the BRIDGE database,
the analysis was not adjusted for HCC treatment modali-
ties. Nonetheless, given that BCLLC Stage itself dictates
the type of treatments patients undergo, adjusting for
BCLC Stage accounts for the type of treatment the pa-
tients have undergone. Whether metformin had a differ-
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ent effect on patients who received different treatments
was not investigated. Despite the suggestive finding of
benefit of metformin in the subgroup of HCC patients
with NAFLD, the analysis may not have adequate power
to show statistical significance due to the small number
patients of those who were on metformin. This finding
needs to be further examined in a larger cohort of HCC
patients with NAFLD. Finally, this study was conducted
at a tertiary care referral centre, and therefore may be
weighted more heavily towards a patient population with
more advanced liver disease/cancet.

In summary, our study demonstrates that there is no
survival benefit to metformin use in diabetic patients with
a new diagnosis of HCC. This is in keeping with simi-
lar outcomes in the recent literature of metformin use
among patients already diagnosed with cancer. Our study
at least provides a preliminary indication that metformin
does not help prevent progression of HCC in real life.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is a malignancy that has been increasing in
incidence worldwide, concordant with the rising prevalence of chronic liver
disease secondary to hepatitis C, and fatty liver disease. Sorafenib is currently
the only targeted chemotherapeutic agent proven to minimally improve overall
survival in patients with advanced HCC, and there has been an active search
for further chemotherapeutic agents. Metformin has been found in retrospective
studies to have a chemopreventive effect against HCC among patients with
chronic liver disease and diabetes.

Research frontiers

The mammalian target of rapamycin (nTOR) pathway upregulated in up to 50%
of HCC tumors, and metformin as an inhibitor of the mTOR pathway has been
discovered to have tumor suppressive properties in in vivo models of HCC. In
this retrospective study performed at the Mayo Clinic, Rochester, Minnesota,
the authors have found that metformin, an antidiabetic medication that affects
the mTOR pathway, does not improve survival in diabetic patients newly diag-
nosed with HCC.

Innovations and breakthroughs

There has been much study into the use of metformin as a chemopreventive
and chemotherapeutic agent in the recent oncology literature. Metformin has
been of particular interest in the treatment of malignancies because it is easily
tolerated and less toxic than standard of care chemotherapy agents. The au-
thors demonstrate for the first time that metformin use does not benefit survival
among patients with HCC, as compared to survival of diabetic patients on other
hypoglycemic agents and patients without diabetes who have HCC.

Applications

Despite the promising recent literature on metformin, this study reveals that met-
formin use does not positively impact survival. Therefore, there is no indication
to continue metformin with the intent of using metformin as a chemotherapeutic
agent in patients newly diagnosed with HCC. On the other hand, the authors
did not find any evidence that the use of metformin was unsafe in this patient
population. This finding supports previous reports of the safety of metformin use
in cirrhotic patients. These questions merit additional prospective study.

Peer review

The article is a retrospective study of metformin effect on HCC patients between
Jan 2005 and June 2011. The paper is well designed. The antitumor effect of
metformin in several types of cancers, including hepatocellular carcinoma, has
recently been a matter of investigations. The presented study gives some infor-
mation about the topic.
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