Cancer Management and Research

Dove

ORIGINAL RESEARCH

Metformin Use and the Outcome of Metastatic
Renal Cell Carcinoma Treated with Sunitinib or

Pazopanib

Ondfrej Fiala®'?
Pavel Ostasov (>
Aneta Rozsypalova*
Milan Hora®
Ondrej Sorejs'?
Jan Sustr®'
Barbora Bendova®
Ivan Travnic¢ek®

Jan Filipovsky®
JindFich Finek'

v oy 4
Tomas Biichler

'Department of Oncology and
Radiotherapy, Faculty of Medicine and
University Hospital in Pilsen, Charles
University, Pilsen, Czech Republic;
2Laboratory of Cancer Treatment and
Tissue Regeneration, Biomedical Center,
Faculty of Medicine in Pilsen, Charles
University, Pilsen, Czech, Czech Republic;
3Laboratory of Tumor Biology and
Immunotherapy, Biomedical Center,
Faculty of Medicine in Pilsen, Charles
University, Pilsen, Czech, Czech Republic;
“Department of Oncology, First Faculty
of Medicine, Charles University and
Thomayer Hospital, Prague, Czech
Republic; *Department of Urology,
Faculty of Medicine and University
Hospital in Pilsen, Charles University,
Pilsen, Czech Republic; 62nd Department
of Internal Medicine, Faculty of Medicine
and University Hospital in Pilsen, Charles
University, Pilsen, Czech Republic

Correspondence: Ondrej Fiala
Department of Oncology and
Radiotherapy, Faculty of Medicine and
University Hospital Pilsen, Charles
University Prague, Alej Svobody 80,
Pilsen, CZ-304 60, Czech Republic
Tel +42 0728655488

Email fialao@fnplzen.cz

Background: The anticancer properties of metformin have been suggested in numerous
experimental studies and several retrospective clinical studies show that its use is associated
with improved outcome of patients with cancer. However, limited data are available for
patients with metastatic renal cell carcinoma (mRCC) treated with targeted therapy. The aim
of this retrospective study was to assess the impact of the metformin use on survival of
mRCC patients treated with sunitinib or pazopanib.

Methods: Clinical data from 343 patients with mRCC treated with sunitinib or pazopanib in
the first line were analyzed. Progression-free survival (PFS) and overall survival (OS) were
compared according to the use of metformin.

Results: The median PFS and OS for patients using metformin was 31.1 (95% CI
20.6-35.1) and 51.6 (95% CI 44.7-NR) months compared to 9.3 (95% CI 8.0-12.0)
and 22.4 (95% CI 19.4-26.8) months for patients not using metformin (p<0.0001 and
p=0.0002, respectively). Cox multivariate analysis shows that the use of metformin
remains a significant factor for PFS (HR=0.55 [95% CI 0.343-0.883], p=0.013) and
also for OS (HR=0.45 [95% CI 0.256-0.794], p=0.006).

Conclusion: The present study results suggest that the use of metformin was associated
with favorable outcome of mRCC patients treated with sunitinib or pazopanib.
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Background

Renal cell carcinoma (RCC) represents a common urologic malignancy, with
increasing incidence in the recent years."* Antiangiogenic tyrosine kinase inhi-
bitors, such as sunitinib and pazopanib, although no longer treatment of first
choice, are still widely used as the first-line treatment of patients with metastatic
RCC (mRCC) with favorable or intermediate risk according to the Memorial
Sloan—Kettering Cancer Center (MSKCC) prognostic model.** Metformin
(dimethylbiguanide) is a commonly prescribed oral antidiabetic drug (OAD),
widely used for the management of type 2 diabetes mellitus.” It improves
glycemic control and reduces insulin resistance.® There has been a growing
body of evidence indicating that metformin has several anticancer properties
shown in a number of experimental studies.”® The anticancer activity of met-
formin is related to both direct effects on cancer cells based on inhibition of

various cancer-related signaling pathways and also indirect effects on the host
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based on lowering blood glucose and insulin as well as
anti-inflammatory effect.”® Although experimental stu-
dies have suggested anticancer activity of metformin, its
impact on outcomes of cancer patients is still poorly
understood. Several retrospective observational studies
show that the use of metformin was associated with
favorable prognosis of patients with various cancer
types; however, there are limited data on its role in
patients with mRCC treated with antiangiogenic targeted
agents.g_13

The aim of this retrospective study was to evaluate the
association between the use of metformin and outcome of
mRCC patients treated with sunitinib or pazopanib in the
first line.

Patients and Methods

Study Design

Clinical data were analyzed retrospectively. Progression-
free survival (PFS) and overall survival (OS) according
to the use of metformin were assessed. The clinical data
were obtained from the national Renal Cell Carcinoma
Information System (RENIS) registry, which provides
retrospective anonymized data on patient baseline clin-
ical characteristics as well as on previous therapies for
mRCC, laboratory parameters, treatment course and out-
comes, and toxicity that are updated twice a year (http://
renis.registry.cz).14 Data on comedication were extracted
from the hospital information systems and merged with
the registry data. The RENIS registry and the use of
registry data for analysis were approved on May 15,
2013 by the Multicentre Ethics Committee of the
Masaryk Memorial Cancer Institute in Brno, Czech
Republic. All the patients signed informed consent
with the inclusion of their data in the registry.

Patients and Treatment
In total, 343 adult patients with histologically confirmed
mRCC treated with sunitinib or pazopanib in the first line
of systemic targeted therapy between 2007 and 2020 at
two oncology centers in the Czech Republic were included
in the study. The patients were treated at Department of
Oncology and Radiotherapy, Faculty of Medicine and
University Hospital in Pilsen and Department of
Oncology, First Faculty of Medicine and Thomayer
Hospital, Charles University.

Sunitinib (Sutent, Pfizer Inc., NYC, New York,
USA) was administered orally as a single agent in the

standard approved schedule (50 mg/4 weeks on 2 weeks
off or 50 mg/2 weeks on 1 week off). Pazopanib
(Votrient, Glaxo Smith Kline plc., Brentford, UK) was
administered orally as a single agent in the standard
approved schedule (800 mg daily). The treatment was
continued until disease progression, unacceptable toxi-
city, or patient refusal. Temporary discontinuation or
dose reductions for toxicity followed clinical practice
guidelines. None of the patients had received prior tar-
geted therapy. Patients treated with cytokine immu-
notherapy before targeted treatment were not excluded.
The status of the OAD therapy was assessed at the start
of the targeted therapy and all the OADs were adminis-
tered orally at individual doses under the supervision of
treating diabetologist.

Outcome Assessment

The clinical status of the patients was assessed continu-
ously during visits at pre-specified time points. Physical
examination and routine laboratory tests were performed
every two weeks, and computed tomography (CT) was
performed every three to four months during the treat-
ment. The objective tumor response was assessed locally
by the
Evaluation Criteria in Solid Tumors (RECIST) version
117

independent radiologist wusing Response

Statistical Analysis

Descriptive statistics and standard frequency tables were
used to characterize the sample data set. Metformin
users vs non-users were compared according to the
baseline clinical parameters using Pearson’s Chi-Square
test. PFS was determined from the date of treatment
initiation until the date of first documented progression
or death. OS was determined from the date of treatment
initiation until the date of death. PFS and OS were
estimated using the Kaplan—-Meier method and all
point estimates were accompanied by two-sided 95%
confidence intervals. The statistical analysis was per-
formed using R (version 4, the R Foundation for
Statistical Computing, Vienna, Austria) and packages
survival (version 3.2) and survminer (0.4.8) for survival
analysis and visualization. The Log rank test was used
for assessment of statistical significance of the differ-
ences in  survival according to  treatment.
A multivariable Cox proportional hazards model was
used to evaluate the effect of all potential prognostic

factors on the survival indicators, namely: gender, age,
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Table | Patient Characteristics
Metformin Use Chi-Square p-value
No (n=307) Yes (n=36)
Gender 1.000
Male 228 (74.3) 27 (75.0)
Female 79 (25.7) 9 (25.0)
Age at diagnosis (years)
Median (range) 65 (37-83) 64 (52-83)
ECOG PS 0.432
0 92 (30.0) 8(22.2)
| 215 (70.0) 28 (77.8)
BMI 0.055
Low (£25) 52 (16.9) 2 (5.6)
High (>25) 152 (49.5) 26 (72.2)
Unknown 103 (33.6) 8(22.2)
Type 2 diabetes mellitus -
Yes 16 (5.2) 36 (100.0)
No 291 (94.8) 0
Histology 1.000
Clear cell carcinoma 287 (93.5) 34 (94.4)
Non-clear cell carcinoma 17 (5.5) 2 (5.6)
Unknown 3 (1.0) 0 (0.0)
Primary tumor grade 0.011
Gl-2 165 (53.7) 25 (69.4)
G3-4 121 (39.4) 5(13.9)
Unknown 21 (6.8) 6 (16.7)
Synchronous metastatic 0.106
disease
Yes 138 (45.0) 10 (27.8)
No 165 (53.7) 24 (66.7)
Unknown 4 (1.3) 2 (5.6)
Distant metastatic sites 0.901
Lung 202 (65.8) 22 (61.1)
Liver 41 (13.4) 3(83)
Bone 73 (23.8) 9 (25)
Lymph nodes (non-regional) 125 (40.7) 15 (41.7)
Skin 5(1.6) 0 (0.0)
Brain 12 (3.9) 1 (2.8)
Peritoneum 15 (4.9) 3(83)
Other 80 (26.1) 12 (33.3)
MSKCC risk group 0.423
Favorable-risk group 119 (38.8) 17 (47.2)
Intermediate-risk group 188 (61.2) 19 (52.8)
Previous nephrectomy 0.542
Yes 256 (83.4) 28 (77.8)
No 51 (16.6) 8(22.2)
(Continued)
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Table | (Continued).

Metformin Use Chi-Square p-value
Previous cytokine therapy 0.692
Yes 8 (2.6) 0 (0.0
No 299 (97.3) 36 (100.0)
First-line targeted therapy 1.000
Sunitinib 239 (77.9) 28 (77.8)
Pazopanib 68 (22.1) 8 (22.2)
Second-line therapy 0.964
Everolimus 77 (25.1) 9 (25.0)
Axitinib 39 (12.7) 5(13.9)
Sorafenib 38 (12.4) 3(83)
Nivolumab 36 (11.7) 4 (11.1)
None 117 (38.1) 15 (41.6)
Metformin daily dose -
Low (<850 mg) - 19 (52.8)
High (>850 mg) - 17 (47.2)

Note: Bold indicates p<0.05.

Abbreviations: n, number of included patients; ECOG PS, Eastern Cooperative Oncology Group performance status; MSKCC, Memorial Sloan—Kettering Cancer Center
(MSKCC) risk; BMI, body mass index; GI, well differentiated; G2, moderately differentiated; G3/G4, poorly differentiated/undifferentiated.

ECOG PS, BMI, histology, grade, synchronous meta-
static spread, MSKCC risk group, previous nephrect-
omy, first-line targeted agent and metformin use. The
level of statistical significance was set at a = 0.05 and
all reported p-values are two-tailed.

Results

Patient Characteristics

The study included 343 mRCC patients. At the time of
data analysis 291 (84.8%) patients progressed and 274
(79.9%) patients died. The median follow-up time was

19.9 months. At the time of targeted therapy initiation
36 (10.5%) patients were using metformin and 7 (2.0%)
were using other OADs, predominantly sulfonylureas.
Baseline characteristics
described in Table 1.
There were important differences between patients

of the patient group are

using metformin and others in several disease-related
parameters, possibly reflecting the impact of metformin
on the biology of RCC. The cohort of metformin non-
users included more patients with G3-4 tumors (39.4%
vs 13.9%, p=0.004).

Table 2 Progression-Free and Overall Survival According to the Use of Metformin

Metformin Use p-value
No Yes
Median PFS (Cl 95%) 9.31 Months (8.03-12.00) 31.13 Months (20.62-35.10) <0.0001
3-months PFS (Cl 95%) 0.879 (0.843-0.916) 0.972 (0.920-1.000)
6-months PFS (Cl 95%) 0.613 (0.561-0.670) 0.916 (0.831-1.000)
12-months PFS (ClI 95%) 0.443 (0.390-0.502) 0.833 (0.720-0.964)
I8-months PFS (ClI 95%) 0.274 (0.228-0.329) 0.750 (0.621-0.906)
Median OS (CI 95%) 22.40 Months (19.40-26.80) 51.60 Months (44.70-NA) 0.0002
12-months OS (Cl 95%) 0.710 (0.661-0.763) 0.915 (0.828-1.000)
24-months OS (ClI 95%) 0.473 (0.420-0.534) 0.858 (0.750-0.981)
36-months OS (Cl 95%) 0.350 (0.299-0.409) 0.769 (0.641-0.923)

Note: Bold indicates p<0.05.
Abbreviations: PFS, progression-free survival; OS, overall survival.
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Figure | Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS) according to the use of metformin and other OADs.

Outcome of Patients According to the

Use of Metformin

The median PFS and OS for patients using metformin was
31.1 (95% CI 20.6-35.1) and 51.6 (95% CI 44.7-not
reached) months compared to 9.3 (95% CI 8.0-12.0) and
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22.4 (95% CI 19.4-26.8) months for patients not using
metformin (p<0.0001 and p=0.0002, respectively) (Table
2, Figure 1).
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Figure 2 Kaplan—Meier estimates of progression-free survival (PFS) and overall survival (OS) according to the dose of metformin.
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Table 3 Multivariate Cox-Proportional Hazards Model for Progression-Free and Overall Survival

Characteristic Category Progression-Free Survival (PFS) Overall Survival (OS)
HR (95% CI) p-value HR (95% CI) p-value

Gender

Female | |

Male 0.793 (0.574-1.096) 0.160 0.830 (0.579-1.189) 0.309
Age

<65 years | |

265 years 0.877 (0.657—1.170) 0.371 0.891 (0.649-1.224) 0.477
ECOG PS

| | |

0 0.665 (0.487-0.909) 0.010 0.665 (0.479-0.924) 0.015
BMI

Low (£25) | |

High (>25) 1.090 (0.768-1.547) 0.630 1.349 (0.914-1.990) 0.132
Histology

Clear cell carcinoma | |

Other 2.286 (1.184-4.414) 0.014 1.970 (0.974-3.984) 0.059
Grade

GI-G2 | |

G3-G4 1.417 (1.043-1.926) 0.026 1.889 (1.351-2.640) <0.001
Synchronous metastases

No | |

Yes 0.943 (0.660-1.348) 0.748 0.935 (0.635-1.376) 0.732
MSKCC risk group

Favorable-risk group | |

Intermediate-risk group 0.987 (0.724-1.345) 0.932 1.310 (0.944-1.820) 0.106
Previous nephrectomy

No | |

Yes 0.699 (0.439—1.115) 0.133 0.557 (0.336-0.921) 0.023
First-line targeted therapy

Sunitinib | |

Pazopanib 1.028 (0.700-1.509) 0.889 1.094 (0.719-1.666) 0.674
Metformin use

No | |

Yes 0.550 (0.343-0.883) 0.013 0.450 (0.256-0.794) 0.006

Note: Bold indicates p<0.05

Abbreviations: n, number of included patients; ECOG PS, Eastern Cooperative Oncology Group performance status; MSKCC, Memorial Sloan—Kettering Cancer Center
(MSKCC) risk; BMI, body mass index; GI, well differentiated; G2, moderately differentiated; G4, poorly differentiated/undifferentiated.
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22.0-38.8) months and 51.7 (95% CI 43.0-63.2) months
compared to 24.0 (95% CI 16.8-34.5) and 41.8 (95% CI
31.2-49.0) months for patients using lower (<850 mg)
daily dose of metformin. Despite the numeric advantage
of higher-dose metformin, the difference did not reach
statistical significance in the present cohort (p=0.346 and
p=0.503, respectively) (Figure 2).

In the Cox multivariate analysis, the use of metformin
remains a significant factor predicting both PFS (HR=0.55
[95% CI 0.343-0.883], p=0.013) and OS (HR=0.45 [95%
CI 0.256-0.794], p=0.006) (Table 3). Other independent
favorable prognostic factors for PFS identified in the mul-
tivariate analysis included performance status of 0, and
lower tumor grade. Favorable prognostic factors for OS
included performance status of 0, lower tumor grade, and
previous nephrectomy. Age or body mass index (BMI)
was not significantly associated with PFS or OS in the
present cohort.

Discussion

The results of our study suggest that the use of metformin
is associated with longer PFS and OS in mRCC patients
treated with sunitinib or pazopanib in the first line. The
impact of metformin use was confirmed in the multivariate
Cox proportional hazards model showing it was an inde-
pendent factor for both PFS and OS.

However, the introduction of novel systemic therapies
has been leading to improvements in patient survival, the
prognosis of mRCC has been still serious. Thus, new
effective agents or innovative strategies that could further
improve the efficacy of current systemic treatment are
needed. Metformin represents the most commonly pre-
scribed agent used for the management of type 2 diabetes
mellitus. Metformin decreases glycaemia by inhibiting of
gluconeogenesis and glycogenolysis in the liver
Moreover, it decreases intestinal glucose absorption and
stimulates glucose utilization by the muscle, thus lowering
insulin resistance, a principal mechanism of type 2 dia-
betes mellitus. The molecular mechanism of action of
metformin is based on the activation of adenosine mono-
phosphate-activated protein kinase (AMPK), which is
a serine-threonine kinase involved in regulation of energy
metabolism at the cellular level. The AMPK regulatory
pathway plays a key role in the metabolism of glucose and
fatty acids, through downregulation of gluconeogenesis
and synthesis of fatty acids in the liver, and upregulation
of glucose uptake and fatty acid oxidation by peripheral

tissues.'® Aside from the antidiabetic effects, metformin
has been widely studied also for its potential anticancer
activity. The putative anticancer effects can be divided into
the indirect and direct effects according to two general
mechanisms. The indirect anticancer effects are related to
antidiabetic properties including the lowering of blood
glucose and insulin. This in turn inhibits insulin/insulin-
like growth factor (IGF) mediated signaling pathways that
play important role in cancer, namely the PI3K/AKT/
mTOR, RAS/RAF/MEK/ERK and GSK3B/Beta-catenin
pathways.'” The direct anticancer effects are mainly
related to the metformin-mediated activation of AMPK
leading to inhibition of the mTOR, nuclear factor kappa
B (NF-kB) and cMyc pathways and activation of p53 and
DICER pathways in cancer cells.'® Besides the AMPK-
mediated effects, several other direct anticancer effects of
metformin have been proposed, including activation of
pS3/REDDI axis, inhibition of Rag GTPases and inhibi-
tion of STAT-3 nuclear translocation.” The anticancer
activity of metformin targeting various biological pro-
cesses in cancer cells has been previously demonstrated
in numerous experimental studies. Blockade of the cell
cycle, inducing apoptosis and also improving the tumor
microenvironment, is among the most important of these
anticancer properties.® Epidemiologic studies showed that
metformin use was associated with reduced risk of both
cancer incidence and mortality among diabetic
patients.'® ' In addition, some observational studies and
meta-analyses show that the use of metformin in cancer
patients was associated with improved response to sys-
temic therapy or radiotherapy, higher survival rates and
better

consistent.”> > Regarding the impact of metformin use

prognosis, however, the results are not
in RCC patients, limited data have been obtained from
several observational studies with conflicting results.
Moreover, only a few data are available for mRCC
patients, particularly those treated with antiangiogenic tar-
geted therapies. It has been demonstrated that metformin is
able to affect angiogenesis mainly by downregulation of
several proangiogenic and inflammatory stimuli repre-
sented by von Willebrand factor, plasminogen activator
inhibitor 1, NF-kB and tumor necrosis factor alpha and
by decreasing the expression of  matrix
metalloproteinases.”* >’ These findings suggest that met-
formin could work synergistically with antiangiogenic tar-
geted therapies in cancer patients leading to enhancement

of treatment efficacy.
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No impact of metformin use on recurrence or can-
cer-specific survival (CSS) was reported in a study
conducted by Hakimi et al, which included patients
RCC.*°
Similarly, no association of metformin use with CSS,

undergoing surgery for localized-stage
OS or disease-free survival (DFS) was seen in a study
by Nayan et al, which included patients with various
stages of RCC.>! On the other hand, Cheng et al
reported better DFS and CSS in diabetics with loca-
lized RCC, who were using metformin as compared to
those using other antidiabetic medication.’®> Almost
identical results have been reported by Keizman et al.>*
The largest study focusing on the role of metformin in
mRCC in association with targeted therapy has been
conducted
a retrospective analysis of patients with mRCC
enrolled in Phase II and III clinical trials.** Their

results show that among diabetics treated with suniti-

reported by Hamieh et al, who

nib, metformin use was associated with an improve-
ment in OS compared with users of other antidiabetic
agents (29.3 vs 20.9 months, respectively; HR: 0.051;
p=0.0008), but the study did not show significant dif-
ference in OS between metformin users and non-users
without diabetes.>* However, strict criteria for enrol-
ment to clinical trials may have limited the represent-
ability of the subgroup of diabetic patients.

The results of an experimental study recently reported
by Pasha et al suggest dose-dependent effect of metformin
on viability of clear cell RCC cell lines, but metformin
concentrations applied in their study were at least more
than 100-fold higher than with the peak plasma concentra-
tion of orally administered metformin in standard doses
used in the clinical practice.®® In our clinical observation,
there was no significant difference in patient survival
according to daily dose of metformin; however, our data
are limited by low number of patients in both compared
groups and the fact that possible dose changes during
treatment were not monitored.

Our study has several limitations including the retro-
spective design and limited number of patients. The
duration of OAD exposure could not be assessed from
the available data sources. The group of metformin non-
users included more patients with high-grade tumors,
which has been previously reported as an adverse prog-
nostic factor.*® Although this may be a consequence of
small patient sample and a source of bias favoring the
metformin subgroup, it could reflect the biology of
metformin action on RCC cells. These parameters were

included in the multivariate Cox proportional hazards
model that confirmed the use of metformin as an inde-
pendent factor.

Single-agent VEGF inhibitors are no longer the first-
line treatment of choice for most patients with mRCC.
Nevertheless, many issues identified in the present analysis
and studies cited above remain relevant in the immu-
notherapy era where a significant number of patients are
still treated with these agents in combination with check-
point inhibitors or in later lines of therapy. Thus, the
optimization of VEGF inhibition remains an important
objective in mRCC.

Conclusions

The results of the present retrospective study suggest that
there is a significant association between the use of met-
formin and favorable outcome of mRCC patients treated
with sunitinib or pazopanib in the first line of targeted
therapy. The efficacy and safety of combination of metfor-
min with targeted therapy in both diabetics and non-
with mRCC should be
a prospective controlled clinical trial in the future.

diabetics investigated in
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