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Absence of antitumor effects of metformin in
sorafenib-treated patients with hepatocellular carcinoma
recurrence after hepatic resection and liver transplantation

Yong-Kyu Chung', Shin Hwang', Gi-Won Song', Young-Joo Lee’, Ki-Hun Kim',
Chul-Soo Ahn', Deok-Bog Moon', Tae-Yong Ha', Dong-Hwan Jung1,
Gil-Chun Park', Baek-Yeol Ryoo?® and Sung-Gyu Lee'

Departments of 'Surgery and Oncology, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Backgrounds/Aims: Hepatocellular carcinoma (HCC) recurrence following hepatic resection (HR) and liver trans-
plantation (LT) remains a great concern. We assessed the antitumor effects of metformin in patients treated with sor-
afenib for HCC recurrence after HR or LT. Methods: The two clinical retrospective studies involved metformin therapy
of 304 HR patients and 74 LT recipients who were treated with sorafenib. Results: In the study involving patients
who had undergone HR, death occurred in 245 of the 304 patients (80.6%) during a median follow-up of 10.2 months
after sorafenib administration. The metformin HR group (group 1; n=40) showed no prognostic difference in pro-
gression-free and overall survival rates compared with the all-HR control group (group 3; n=241) and propensity
score-matched HR control group (group 4; n=80). In the clinical study of recipients exposed to LT, death occurred
in 62 of the 74 patients (83.8%) during a median follow-up of 13.6 months (range: 3-76 months) after sorafenib
administration. The metformin LT group (group 5; n=14) showed no prognostic difference in progression-free and over-
all survival rates compared with the all-LT control group (group 7; n=43) and propensity score-matched LT control
group (group 8; n=28). Conclusions: Our clinical studies demonstrated absence of synergistic antitumor effects of
metformin. Further high-volume studies are necessary to assess the role of metformin in patients treated with sorafenib

for advanced HCC. (Ann Hepatobiliary Pancreat Surg 2018;22:297-304)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignancies and leading causes of cancer-re-
lated death. Hepatic resection (HR) is indicated as the
first-line treatment in patients with preserved hepatic func-
tion, although tumor recurrence is high after curative HR.
Liver transplantation (LT) is also indicated for HCC in
patients with impaired hepatic function. Although candi-
dates for LT are prudently selected according to the se-
lection criteria for HCC, post-transplant recurrence leads
to poor outcomes.

HCC recurrence after HR or LT is initially treated with

various locoregional therapies; however, tumor pro-

gression renders such treatments refractory. Thus, a con-
siderable number of patients undergo systemic chemo-
therapy including sorafenib. Sorafenib is currently re-
garded as the first-line chemotherapeutic agent for treat-
ment of advanced HCC following reports of prolonged
survival periods in two randomized controlled trials."”
However, the therapeutic effect of sorafenib is often sub-
optimal, and most patients experience tumor progression.3
It is imperative to discover adjunct therapies to enhance
the therapeutic effects of sorafenib.

In patients with HCC recurrence after HR or LT, vita-
min K administration with or without sorafenib occasion-

4,5

ally showed noticeable antitumor effects.” However,

meta-analyses including a randomized controlled trial
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have failed to show the antitumor effects of vitamin K.%’
In a randomized controlled trial, no antitumor or syner-
gistic effects of everolimus were detected in patients with
advanced HCC receiving sorafenib.’

Metformin is a biguanide used for the treatment of type
2 diabetes mellitus (DM). It inhibits cancer cell growth
by inducing cell cycle arrest and enhancing apoptosis.”"
A considerable number of studies have suggested that
metformin plays a chemopreventive role in other cancers
and reduces the risk of HCC,"”™" suggesting the antitumor
effects of metformin. Recently, it was reported that the
combination of metformin and sorafenib suppresses cell
proliferation and induces autophagy of HCC in vitro and
in vivo by targeting the mammalian target of rapamycin
(mTOR) pathway.'® In addition, metformin sensitizes sor-
afenib to inhibit postoperative recurrence and metastasis
of HCC in mouse models, in which metformin may poten-
tially enhance the effect of sorafenib to inhibit HCC re-
currence and metastasis after HR."

Therefore, the present study assessed whether the use
of metformin as an adjunct therapy to sorafenib induces
synergistic antitumor effects on patients with recurrent
HCC following HR or LT.

MATERIALS AND METHODS

Study design

This study comprised two clinical investigations into
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HCC recurrence after HR and LT. In the clinical studies,
post-treatment survival periods were analyzed to validate
the antitumor effects of metformin as an add-on therapy.
The study protocols were approved by the Institutional
Review Board of the Asan Medical Center.

Patient selection for the HR cohort

The HCC database at our institution was searched to
identify patients who were treated with sorafenib for HCC
recurrence after HR during 8 years from January 2009 to
December 2016. Patients who discontinued sorafenib
treatment for 2 months were not included. Based on this
screening process, 304 patients with HCC recurrence who
were exposed to sorafenib before May 2017 were selected
and divided according to the concurrent administration of
metformin or insulin for treating DM. Finally, 40 patients
were assigned to the sorafenib-metformin co-medication
group (sorafenib-metformin HR group; group 1), 23 to the
sorafenib-insulin co-medication arm (sorafenib-insulin HR
group; group 2), and 241 to the sorafenib-alone arm
(non-DM HR control group; group 3). Patients who were
treated with both insulin and metformin were assigned to
the sorafenib-metformin co-medication group.

To overcome possible selection bias, propensity score
matching (PSM) was conducted between study group 1
and control group 3 using multiple logistic regression and
a 1:2 matching requirement via nearest neighbor mat-

ching. Baseline characteristics (age, sex), background liver
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Fig. 1. Selection of patients following hepatic resection (HR) and liver transplantation (LT).




disease (viral hepatitis versus others), level of tumor
markers (AFP and proteins induced by vitamin K antago-
nist or absence-II) at the start of sorafenib therapy, prece-
dent locoregional therapy, total tumor load (sum of intra-
and extrahepatic tumor volumes), and duration of sor-
afenib administration were matched. Eighty patients were

assigned to this PSM non-DM HR control group (group 4).

Patient selection for the LT cohort

The LT database at our institution was also searched
to identify patients who underwent LT for HCC over an
11-year period from January 2003 to December 2013, and
1376 of 3248 adult recipients who had undergone LT
were selected. Of these, 221 recipients (16.1%) man-
ifested post-transplant HCC recurrence until December
2015. Patients who discontinued with sorafenib therapy
for 2 months were excluded. Following this screening
process, 74 patients were selected and divided according

to the concurrent administration of metformin and insulin.
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Finally, 14 patients were assigned to the sorafenib-metfor-
min co-medication group (sorafenib—metformin LT group;
group 5), 17 to the sorafenib-insulin co-medication group
(sorafenib-insulin LT group; group 6), and 43 to the sor-
afenib-alone group (non-DM LT control group; group 7)
(Fig. 1B). Patients exposed to both insulin and metformin
were assigned to the sorafenib-metformin co-medication
group.

To overcome possible selection bias, PSM was con-
ducted between study group 5 and control group 7 using
multiple logistic regression analysis and nearest neighbor
matching (1:2). Baseline characteristics (age, sex), back-
ground liver disease (viral hepatitis versus others), level of
tumor markers at the time of administering sorafenib, prec-
edent therapy treatment, total tumor load (sum of intra- and
extrahepatic tumor volumes), use of mTOR inhibitor
(everolimus or sirolimus), and duration of sorafenib admin-
istration were matched. Twenty-eight patients were as-

signed to this PSM non-DM LT control group (group 8).

Table 1. Comparison of clinical profiles at start of sorafenib treatment in the HR groups

Sorafenib-  Sorafenib-insulin Sorafenib HR  Sorafenib HR  p-value  p-value
metformin HR HR group control group PSM control (group (group
group (group 1)  (group 2) (group 3) group (group 4) 1 vs. 3) 1 vs. 4)
Patient No. 40 23 241 80
Age (mean+SD, years) 59.449.3 61.849.9 54.6+11.2 58.1+10.3 0.011 0.94
Sex: Male/Female (n) 36/4 23/0 193/48 64/16 0.14 0.17
Background liver (n) 0.064* 0.49%*
HBV 29 17 211 64
HCV 3 1 6 4
Non-viral 8 5 24 12
Tumor stage (n)
BCLC B 1 1 12 2 1.0 1.0
BCLC C 39 22 233 78
MELD score (median) 9.2 8.8 8.7 8.9 0.072 0.43
AFP (median, ng/mL) 122.7 473 179.2 137.2 0.091 0.79
PIVKA-II (median, mAU/mL) 71 94 124 86 0.12 0.86
Extent of initial HR (n) 0.94%* 0.87%*
Trisectionectomy 1 0 3 0
Hemihepatectomy 16 9 105 39
Bisectionectomy 4 1 11 7
Sectionectomy 12 3 76 19
Segmentectomy 1 3 19 5
Partial hepatectomy 6 7 27 10
Precedent locoregional therapy 40 23 241 80 1.0 1.0

for recurrence (n)

HR, hepatic resection; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; AFP, o-fetopro-
tein; PIVKA-II, proteins induced by vitamin K antagonist or absence-II; MELD, model for end-stage liver disease

*viral vs. non-viral
**sectionectomy and greater vs. segmentectomy and lesser
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Patient follow—up
The general principles of treatment for recurrent HCC
lesions were applied to HR and LT patients with HCC

18,19
recurrence.

Patients in the HR and LT groups were
followed up until October 2017 with medical record re-
view and assistance from the National Health Insurance
Service. All patients were completely followed up to de-
termine patient survival status. Disease progression was
assessed using modified Response Evaluation Criteria in
Solid Tumors (RECIST).20 DM treatment was usually pro-
vided long before HCC recurrence, thus the pro-
gression-free survival period was calculated from the day
of sorafenib treatment initiation until the day of docu-
mented disease progression or last follow-up. Overall sur-
vival was calculated from the day of starting sorafenib ad-

ministration until the day of patient death or the last fol-

low-up.
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Statistical analysis

Continuous variables were reported as mean with stand-
ard deviation or median with range and compared using
Student’s #-test. Categorical variables were compared us-
ing the chi-square or Fisher’s exact test, as appropriate.
Survival curves were generated using the Kaplan-Meier
method and compared using the log-rank test. A p-value
of <0.05 was considered to indicate a statistically sig-
nificant difference. Statistical analyses were performed us-
ing SPSS version 22 (IBM, New York, NY, USA).

RESULTS

Clinical study post HR
The patient selection process for the HR groups is out-
lined in Fig. 1. The clinicopathological features of the pa-

tients in the sorafenib-metformin HR group (group 1),
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Fig. 2. Comparison of the progression-free survival (A) and overall survival (B) curves after sorafenib administration in hepatic
resection groups 1, 2, and 3. After propensity score matching, the progression-free survival (C) and overall survival (D) curves
were compared between HR groups 1 and 4.



sorafenib-insulin HR group (group 2), non-DM HR con-
trol group (group 3), and non-DM HR PSM control group
(group 4) are summarized in Table 1. All patients under-
went locoregional therapy for recurrent HCC lesions prior
to sorafenib therapy. The clinicopathological features of
patients in groups 1 and 3 differed in terms of age, back-
ground liver disease, model for end-stage liver disease
(MELD) score, and AFP. These differences were not de-
tected between patients in groups 1 and 4 after PSM.

During the follow-up with a median of 10.2 months
(range: 2-76 months) after sorafenib administration, death
occurred in 245 of the 304 patients (80.6%). The median
progression-free survival period after sorafenib admin-
istration was 4.5 months in group 1; 4.1 months in group
2; 3.1 months in group 3; and 3.0 months in group 4
(»=0.63; Fig. 2A). The median overall survival after sor-
afenib administration was 12.1 months in group 1; 11.8
months in group 2; 10.5 months in group 3; and 10.3
months in group 4 (p=0.96; Fig. 2B).

A comparison between patients in groups 1 and 4 re-

vealed no difference in progression-free survival rates
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(p=0.078; Fig. 2C) and overall survival rates (p=0.10; Fig.

2D) after sorafenib intervention.

Clinical study post LT

The patient selection process for the LT groups is out-
lined in Fig. 1. The clinicopathological features of the pa-
tients in the sorafenib-metformin LT group (group 5), sor-
afenib-insulin LT group (group 6), non-DM LT control
group (group 7), and non-DM LT PSM control group
(group 8) are summarized in Table 2. All patients under-
went locoregional therapy for recurrent HCC lesions prior
to exposure to sorafenib. The clinicopathological features
of patients in groups 5 and 7 were very similar, except
for AFP levels. This difference was not detected between
patients in groups 5 and 8 after PSM.

During a median follow-up of 13.6 months (range: 3-76
months) after sorafenib administration, death occurred in
62 of the 74 patients (83.8%). The median progression-
free survival period after sorafenib administration was 6.5
months in group 5; 6.1 months in group 6; 6.7 months

in group 7; and 6.6 months in group 8 (p=0.99; Fig. 3A).

Table 2. Comparison of clinical profiles at the start of sorafenib administration in the LT groups

Sorafenib- Sorafenib-insulin  Sorafenib LT  Sorafenib LT  p-value  p-value
metformin LT LT group control group  PSM control (group (group
group (group 5) (group 6) (group 7)  group (group 8) S5 vs. 7) 5 vs. §)
Patient No. 14 17 43 28
Age (mean+SD, years) 57.24£3.9 56.3+£5.7 54.5+7.6 55.245.3 0.21 0.22
Sex: Male / Female (n) 13/1 15/2 37/6 25/3 0.67 1.0
Background liver (n) 0.59* 0.25*
HBV 12 15 39 27
HCV 0 1 1 0
Non-viral 2 1 3 1
Tumor stage (n)
BCLC B 0 0 0 0 1.0 1.0
BCLC C 14 17 43 28
MELD score (median) 9.3 9.8 8.8 9.1 0.32 0.78
AFP (median, ng/mL) 127.9 1134 96.5 106.4 0.09 0.31
PIVKA-II (median, mAU/mL) 92 106 98 101 0.64 0.59
Type of LT (n)
Living donor LT 14 16 42 28 1.0 1.0
Deceased donor LT 0 1 1 0
Precedent locoregional 14 17 43 28 1.0 1.0
therapy for recurrence (n)
Concurrent mTORi (n) 3 3 14 7 0.52 1.0

LT, liver transplantation; HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC, Barcelona Clinic Liver Cancer; AFP, a-fetopro-
tein; PIVKA-II, proteins induced by vitamin K antagonist or absence-II; MELD, model for end-stage liver disease; mTORI,

mammalian target of rapamycin inhibitor
*viral vs. non-viral
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Fig. 3. Comparison of the progression-free survival (A) and overall survival (B) curves after sorafenib administration in liver
transplantation groups 5, 6, and 7. Following propensity score matching, the progression-free survival (C) and overall survival

(D) curves were compared between LT groups 5 and 8.

The median overall survival after sorafenib therapy was
15.9 months in group 5; 10.8 months in group 6; 11.4
months in group 7; and 10.9 months in group 8 (p=0.89;
Fig. 3B).

A comparison between patients in groups 5 and 8 re-
vealed no difference in progression-free survival rates
(p=0.72; Fig. 3C) and overall survival rates (p=0.58; Fig.

3D) after sorafenib administration.

DISCUSSION

Sorafenib is a multikinase inhibitor with therapeutic ef-
ficacy against HCC." Although sorafenib markedly pro-
longs the survival of patients with advanced HCC,* " its
potential mechanisms of action that induce clinical bene-
fits are yet to be established. Metformin is a biguanide

that inhibits cancer cell growth by inducing cell cycle ar-

rest and enhancing apoptosis, and is reportedly associated
with a reduced risk of HCC.”"

Metformin treatment mainly induces the inhibition of
mTOR pathway, which plays an important role in the me-
tabolism, growth, and proliferation of cancer cells.”
Metformin inhibits mTOR pathway via AMP-activated
protein kinase (AMPK) activation, which is important for
energy homeostasis.”> Metformin also inhibits the mTOR
pathway in an AMPK-independent manner.” The anti-
tumor effects of metformin are thought to be mediated via
AMPK-dependent and independent pathways. Sorafenib
activates AMPK. A clinical study demonstrated that pa-
tients with KRAS-mutant advanced non-small cell lung
cancer treated concomitantly with sorafenib and metfor-
min had better outcomes than those receiving sorafenib
alone. The study also showed that sorafenib and metfor-

min act synergistically by inhibiting cellular proliferation



in non-small cell lung cancer in vitro and in vivo and by
phosphorylating the AMPK @ activation site.”* Thus, both
sorafenib and metformin appear to activate the AMPK
pathway, thus inducing synergistic antitumor effects.

In the current study, we selected two cohorts with tu-
mor recurrence after macroscopically curative resection of
pathologically proven HCC through HR and LT. Because
of the limited number of cases and different patterns and
extent of tumor recurrence, it is difficult to assess the anti-
tumor effects of sorafenib and metformin in patients who
had undergone HR or LT and later diagnosed with ad-
vanced HCC recurrence.” Surprisingly, we found no syn-
ergistic effect of sorafenib and metformin in patients who
underwent HR and LT.

The antitumor effects of metformin were only demon-
strated in high-volume cohort studies or laboratory-based
investigations,”" implying that potency of the antitumor
effect was not sufficient to serve as an independent prog-
nostic indicator in small or medium-sized studies. The
wide variability of response to treatment in our clinical
studies suggests that only a small proportion of patients
may benefit from the combination therapy of sorafenib
and metformin.

One clinical study with patients with advanced HCC
showed poorer outcomes with concomitant sorafenib and
metformin intervention compared with sorafenib alone.”®
This small-volume retrospective study (n=93) appears to
conflict with several in vitro studies showing a synergistic
effect and clinical studies demonstrating the chemo-
preventive effects of metformin.”"> Our present study sug-
gests that metformin and sorafenib co-treatment is not
beneficial from an oncological standpoint, despite the ab-
sence of any detrimental effect. Based on this study, it
may not be reasonable to intentionally prescribe metfor-
min to augment the antitumor effects of sorafenib in HCC
patients contraindicated for DM treatment.

This study has a few limitations. Our clinical study was
a single-center retrospective study with a limited number
of patients. The PSM case-control comparison might not
be adequate to overcome the oncological heterogeneity of
the study patients. However, a unique strength of this
study is that the survival status of all patients was com-
pletely followed.

In conclusion, our clinical studies demonstrated no anti-

tumor effects of metformin in patients treated with
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sorafenib. These findings underscore the need for further
high-volume studies to assess the role of metformin in pa-

tients exposed to sorafenib for advanced HCC.
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