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ABSTRACT

Objective: Diabetes mellitus type 2 has been associated with increased cancer risk and cancer related mortality. Met-
formin, one of the most widely used anti-diabetic medications, has been found to have important anticancer properties
in addition to hypoglycemic effects. The effects of metformin on clinical outcomes in oral cavity (OC) and oropharyn-
geal (OP) squamous cell carcinoma (SCC) have not been thoroughly analyzed. The purpose of this study was to evalu-
ate the effects of metformin use on cancer recurrence in diabetic patients with oral cavity and oropharyngeal squamous
cell carcinoma. Design: Retrospective review. Setting: Academic tertiary medical center. Patients: Seventy-seven pa-
tients with diabetes mellitus type 2 and oral cavity or oropharyngeal squamous cell carcinoma were treated and fol-
lowed at our tertiary academic institution and the Veterans Affairs Greater Los Angeles Healthcare System from 1998
to 2012. Main Outcome Measure: Cox proportional hazards models and Kaplan-Meier curves were constructed to
determine if metformin has an effect on disease recurrence after primary cancer treatment. Results: Metformin does not
appear to have a significant effect on disease recurrence in patients with OC/OP SCC and diabetes mellitus type 2 (p =
0.53). Even when including only patients with stage | or Il disease, metformin still did not decrease recurrence (p =
0.60). Conclusion: Herein, our data suggest that metformin use does not significantly impact time until recurrence for
diabetic patients with OC/OP SCC.
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1. Introduction vival, largely due to a shift in the pattern of failure to the
development of disease at distant sites and the develop-
ment of second primary lesions, the risk of which ap-
proaches 30% over a patient’s lifetime [3,4]. This dismal
prognosis, despite treatment advancements, has fueled
interest in the identification of factors and adjuvant
therapies that will improve treatment outcomes.
Metformin, one of the most widely prescribed oral
hypoglycemic medications, has recently gained signifi-

Head and neck cancer comprises 7% of all new cancer
cases per year in the United States, with nearly 30% of
these tumors arising from the oral cavity (OC) and oro-
pharynx (OP) [1]. Squamous cell carcinoma (SCC) is the
histological subtype in nearly 90% of these OC and OP
SCC cases [2]. Despite advances in surgical treatment,
radiation therapy and the development of new adjuvant
chemotherapeutic regimens, the 5-year survival for

OC/OP SCC remains unchanged at 50% [2]. Improve- cant attention in the literature for its potential anticancer
ments in locoregional control have not influenced sur-  ©ffects [S]. Clinical studies have already suggested that

among diabetic patients, metformin users have decreased
“No financial funding or support. Conflict of interest: none. risk of colon cgncer [6] and improved _OUtcomeS in hepa-
“Corresponding author. tocellular carcinoma [7] and pancreatic cancer [8]. Re-

Copyright © 2013 SciRes. JCT



962 An Analysis of the Potential Benefits of Metformin on Disease Recurrence in Oral
and Oropharyngeal Squamous Cell Carcinoma

cent in vitro and in vivo studies by Vitale-Cross et al. [9]
with a mouse OC tumor model are promising in eluci-
dating the cellular pathways describing how metformin
exerts its beneficial effects in head and neck SCC. How-
ever, clinical studies analyzing the effects of metformin
use on treatment outcomes in diabetic patients with
OC/OP SCC are lacking. The purpose of our study was
to determine whether metformin use has any effect on
disease recurrence in diabetic patients with OC/OP SCC.

2. Methods

Our study was approved by the Institutional Review
Board of the University of California at Los Angeles and
the West Los Angeles Veterans Affairs Medical Center
(WLA VAMC). We retrospectively reviewed the clinical
data and treatment outcomes of all diabetic patients with
pathologically confirmed oral cavity or OC/OP SCC
treated and followed at UCLA from January, 1998 to
August, 2012, and all patients from January 2001 to Oc-
tober 2012 at the WLA VAMC. Patients with OC/OP
SCC from UCLA were obtained from the Department of
Pathology’s database. Patients from the WLA VAMC
were obtained from the head and neck cancer tumor
board, a multi-disciplinary conference at which all pa-
tients with head and neck cancer are discussed. Inclusion
criteria for our study included a disease free interval of at
least 3 months after completion of primary treatment,
since that is the date we routinely order post-treatment
PET scans for tumor surveillance.

Patients with diabetes mellitus type 2 (DM II) were
divided into two groups based on metformin use. Patients
were considered to be metformin users if they were tak-
ing the medication at the time of cancer diagnosis or
while in remission after treatment. Patients who were not
taking metformin at any point during or after their cancer
treatment were classified as non-users, and cancer treat-
ment was not different based on metformin use. Patient
clinical characteristics analyzed included sex, age, smo-
king and alcohol use, tumor subsite, TNM stage, and
primary treatment modality. The tailored t-test was used
to determine if there were differences in the demograph-
ics between metformin users and non-users. The main
outcome measure was cancer recurrence during the study
period. The Kaplan-Meier estimates of the disease recur-
rence probabilities are visualized in graphical displays
(Figures 1 and 2).

3. Results

We identified 77 patients with DM Il and OC/OP SCC
that were followed at UCLA or the WLA VAMC during
our study period. Total follow-up after completion of
primary treatment until death or last clinical contact was
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Figure 1. Kaplan-Meier curves for the recurrence-free sur-
vival of diabetic patients with oral cavity and oropharyn-
geal squamous cell carcinoma.

4 to 204 months (median = 44 mos.). There were no sig-
nificant clinical differences between patients taking met-
formin (n = 33) and those who were not (n = 45) in terms
of sex, age, tumor subsite, TNM stage at diagnosis, and
smoking or alcohol use. The follow-up for patients on
metformin was 6 to 143 mos. (median = 36 mos.), and
the follow-up for patients not taking metformin was 4 to
204 mos. (median = 49 mos.).

In the analysis of all 77 patients, metformin does not
appear to have a significant effect on disease recurrence
(HR 1.26, 95% CI 0.62 - 2.56, p = 0.53) (Figure 1). Of
the 45 patients not taking metformin, 17 patients had
experienced recurrent disease, while 14 of the 32 patients
using metformin had recurrences. When analyzing only
patients with TNM stages | and Il (early stage) OC/OP
SCC, metformin still does not appear to have a signifi-
cant effect on disease recurrence (HR 1.37, 95% CI 0.42
- 4.44, p = 0.60) (Figure 2). Of the 21 patients not tak-
ing metformin, 6 developed recurrences. Six of the 12
patients with early stage OC/OP SCC taking metformin
developed recurrences.

4. Discussion

Over 30,000 new cases of oral and oropharyngeal canc-
ers are expected to be diagnosed each year in the United
States, with nearly 8000 patients dying annually from the
disease [2]. Considering that the 5-year survival re-
mains unchanged at around 50%, it is critical to identify
factors that will improve outcomes for these patients.
Despite the promising anticancer effects of metformin in
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Figure 2. Kaplan-Meier curves for the recurrence-free sur-
vival of diabetic patients with stages I and Il oral cavity and
oropharyngeal squamous cell carcinoma.

other malignancies [10,11], our early results suggest that
metformin likely does not have a significant role in ad-
juvant treatment for head and neck cancer patients with
DM Il (Figures 1 and 2).

Our interest in the potential benefit of metformin in
OC/OP SCC developed from previous clinical trials that
have already shown metformin’s benefit with breast
cancer, hepatocellular carcinoma, colon cancer, and pan-
creatic cancer [7,8,12-14]. For example, in a retrospec-
tive review of breast cancer patients with diabetes re-
ceiving neoadjuvant chemotherapy, metformin users
demonstrated a significantly better pathology clinical
response than non-metformin patients [12]. With regards
to hepatocellular carcinoma, diabetic patients on met-
formin have decreased incidence and improved outcomes
[7,13]. Likewise, patients with diabetes taking metformin
have decreased colon cancer [14] and improved out-
comes in pancreatic cancer [8].

Metformin’s effects may be in part related to the medi-
cation’s effects of lowering circulating insulin levels, as
insulin is a growth-promoting hormone with mitogenic
effects [15]. However, early laboratory results suggest
that metformin’s primary anticancer mechanism is sepa-
rate from, and in addition to, its hypoglycemic effects.

The molecular pathway of how metformin may inhibit
cell proliferation and prevent carcinogenesis appears to
be from the medication’s direct activation of the AMP
activated protein kinase (AMPK) pathway. The activa-
tion of AMPK prevents the activation of mammalian
target of rapamycin (mTOR), which is a protein respon-
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sible for upregulating many energy consuming cellular
processess. MTOR has a critical role in cell growth by
controlling mRNA translation and ribosome genesis.
Therefore, by directly inhibiting AMPK, mTOR is not
activated and there is a subsequent downstream inhibi-
tion of cell proliferation and subsequently carcinogenesis
[15,16].

The in vitro studies by Vitale-Cross, et al. [9] with
head and neck SCC (HN SCC) cultured cells have sup-
ported this molecular mechanism of metformin’s down-
regulation of MTOR. In their experiments, metformin
treated HN SCC cells had increased AMPK activity, de-
creased mTOR activity and decreased cell proliferation.
Interestingly, when they controlled for and prevented
metformin’s activation of AMPK, the metformin treated
cells still demonstrated a decreased mTOR activity and
tumor cell proliferation, which suggests metformin may
also have an anticancer effect on mTOR independent of
AMPK activation.

In addition to their in vitro studies, Vitale-Cross, et al.
[9] have also studied the effects of metformin in an oral
specific carcinogenesis mouse model. In their study,
mice were first treated with 4-Nitroquinoline-1-oxide
(4NQO; Sigma-Aldrich), which is a synthetic carcinogen
that causes the development of oral cavity tumors. With
time, many of these tumors progress to carcinoma. In the
animals treated with metformin, there was a significant
reduction in the number of overall tumor lesions, as well
as a significant decrease in the progression of these tu-
mors to carcinoma.

Further laboratory studies from MD Anderson also
suggest that metformin may offer some potential benefit
for patients with HN SCC [17]. Specifically, these stud-
ies demonstrated that HN SCC cells with “disruptive”
p53 mutations, defined as mutations that affect the p53
protein’s binding to DNA, demonstrated increased ra-
diosensitivity when treated with metformin [17]. To fur-
ther support their in vitro findings, this laboratory next
analyzed the effects of metformin use on oral tongue
SCC in an orthotopic mouse model. They discovered that
tumor growth was significantly decreased when met-
formin was given in addition to radiation therapy com-
pared to only radiation or metformin use alone. Further-
more, they also retrospectively analyzed the treatment
effects of metformin use during post-operative radiation
on the outcomes of a small cohort of patients with HN
SCC. Their study population included 10 patients with
HN SCC taking metformin during post-operative radia-
tion therapy, and the outcomes were compared to patients
with similar disease and clinical characteristics who were
not taking metformin during post-operative radiation.
They found that the patients using metformin had sig-
nificantly decreased locoregional recurrence compared
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to controls.

Despite these promising studies with HN SCC, our
larger clinical study does not support metformin’s poten-
tial benefit. We specifically analyzed the effects of met-
formin use in diabetic patients with OC/OP SCC and did
not find any significant impact for metformin in disease
recurrence for early (I and II) or late (Il and IV) stage
patients (Figures 1 and 2). The finding that metformin
did not have a significant effect in late stage tumors is
not entirely surprising (HR 0.84, 95% CI1 0.34 - 2.10, p =
0.71), considering that increased stage and regional or
distant metastases have already been shown to be sig-
nificantly poor prognostic factors [18,19]. The anticancer
effect of metformin likely cannot overcome the advanced
disease state.

5. Conclusion

This is the largest clinical study to date evaluating the
effects of metformin on recurrence rates in diabetic pa-
tients with head and neck cancer. The dismal and un-
changing prognosis of OC/OP SCC despite treatment
advancements has fueled interest into the identification
of factors and additional therapies that can improve
treatment outcomes. Although metformin has been sho-
wn to have a beneficial effect in patients with various
malignancies, the results from our study do not suggest
that metformin decreases recurrence for diabetic patients
with OC/OP SCC. Further study with a larger cohort may
be useful to confirm our findings.
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