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Abstract

Background: Published data suggest that diabetes influences survival of patients with lung cancer. The
anti-cancer effect of metformin confounds this association. We sought to study the association of diabetes and
metformin with survival in patients undergoing resection of stage | non-small cell lung cancer (NSCLC).

Methods: Pathologic stage | NSCLC patients undergoing anatomic resection from 2002 to 2011 were studied.
A diagnosis of diabetes and diabetic medication use were identified through records. Univariate and multivariate
analyses examined the association of diabetes and metformin usage with overall survival (OS).

Results: 409 eligible patients were included in the analysis - excluding patients with neoadjuvant therapy,
more than one lung cancer, or resection less than lobectomy. 71 (17.4%) patients were diabetics and 41 (10.0%)
used metformin. With a median follow up of 44 months, univariate analysis demonstrates that diabetes had no
effect on OS (P=0.75); however, metformin use was associated with improved OS (median survival not reached
vs. 60 months; P=0.02). Metformin use remained an important predictor of good survival in multivariate analysis
(HR=3.08; P<0.01) after adjusting for age, gender, pathologic stage, histology and smoking status.

Conclusion: Metformin use rather than diabetes is associated with improved long-term survival in Stage |

NSCLC patients.
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Introduction

Non-small cell lung cancer (NSCLC) constitutes almost 85% cases
of lung cancer with a poor overall 5 year survival of 16% [1]. Although
only a small fraction of NSCLC cases are diagnosed in the early stages,
it is this subgroup that is considered eminently curable by complete
surgical resection. Unfortunately, in spite of diagnosis at an early stage
and complete surgical resection, approximately one third of stage I
cases develop a recurrence, [2,3] usually in the first five years. While
chemotherapy improves outcomes in NSCLC greater than stage I,
adjuvant therapy of stage I cancer has no clear role. In fact, the Lung
Adjuvant Cisplatin Evaluation (LACE) meta-analysis suggests that
adjuvant cisplatin-based chemotherapy may increase the hazard for
death in patients with stage IA disease [4]. One might hypothesize that
selective administration of adjuvant therapy to patients at high risk of
recurrence may lead to better outcomes. As a result, identification of
prognostic factors may help deliver such “personalized therapy”.

Over the last few years, a number of studies have examined the
molecular characteristics of patient tumors to prognosticate NSCLC.
Analysis of gene expression, microRNA expression, epigenetic
variations and mutational analyses are increasingly useful for the
prognostication of NSCLC [5-8]. Refinements of histopathologic
examination can be used to augment prognostic systems [9]. At the
same time, a large proportion of patients with NSCLC have chronic
conditions such as diabetes and are exposed to drugs with potential
anti-cancer effects such as COX2 inhibitors and “statins”, which may
influence cancer related clinical outcomes. Recent studies suggest that
diabetes mellitus (DM) and metformin may affect cancer incidence and
mortality [10,11]. Additionally, the potential anti-neoplastic role of the
biguanide oral hypoglycemic agent metformin may confound possible

associations between DM and survival of patients with NSCLC [12].
Previous studies examining this association used population-based
databases with inherent limitations in the ability to accurately identify
early stage patients. In this study, we sought to examine the interaction
of diabetes and metformin on survival in early stage surgically treated
NSCLC patients using a well annotated institutional tumor registry,
billing records, and pharmacy records.

Methods

The Tumor Registry of our National Cancer Institute (NCI)
Designated Comprehensive Cancer Center was queried for pathologic
stage I (AJCC 6™ edition) NSCLC patients undergoing anatomic
resection (lobectomy or greater) between 2002-2011 in this IRB-
approved study. Exclusion criteria included patients with more than
one lung cancer, neoadjuvant chemotherapy, or with resections less
than a lobectomy. These criteria were selected in order to minimize
confounding by variables that can impact the relationship between
survival and diabetes/metformin. For example, it is possible that patients
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with more than one lung cancer may have stage misclassification [13].
Similarly, it was not reasonable to include patients with potentially
more extensive disease down-staged to stage I as a result of neoadjuvant
chemotherapy [14]. Billing data were used to identify diabetics and
pharmacy records were used to identify anti-diabetic medications
self-reported during physician and nurse interviews and from
medication reconciliation information prepared during each patient
encounter. Patients were categorized according to metformin use (yes
or no). Patients using combination anti-diabetic agents that included
metformin were also classified as metformin users. Univariate analyses
using the Kaplan-Meier method examined the association of overall
survival (OS) with diabetes and/or metformin use. Multivariate Cox
Regression analyses examined survival associations controlling for age,
gender, histology (squamous cell cancer, adenocarcinoma, and others),
stage (IA and IB) and smoking (current, former, and never smokers).
A p-value of 0.05 was used as a cutoff for statistical significance. All
analyses were performed using SPSS 15.0 for Windows (SPSS Inc.).

Results

In 3393 consecutive NSCLC cases examined over this time period,
638 patients had pathologic stage I disease. A total of 409 patients
remained eligible for analysis after exclusion for neoadjuvant therapy,
more than one lung cancer, or with resection less than lobectomy.
Among eligible patients, 91.7% were Caucasian, 57.9% were female,
9% were never smokers, 63.3% were pathologic stage IA, 59.7% had
adenocarcinoma, and 2% underwent a pneumonectomy (Table 1).
In the eligible cohort, 71 (17.4%) were diabetics and 41 (10.0%) used
metformin. As higher proportion of metformin users were taking
insulin as compared to non-metformin users (24.4% vs. 1.6%; p <0.001)
(Table 1) but this is not unexpected considering that non-metformin
users were mostly non-diabetics. Table 1 showing the comparison of
both groups shows that a higher fraction of metformin users were alive
at the time of last follow-up as compared to the non-metformin users
(82.9% vs. 60.6%; p<0.005).

Among 409 eligible patients, 257 patients were alive at last
follow up. Univariate analysis did not reveal a statistically significant
relationship between OS and gender (p=0.81), but a non-significant
trend was noted for inferior survival in Stage IB patients (p=0.09;
Figure 1A). Never smokers had a trend for improved OS vs. current or
former smokers (median survival of 91 months vs. 60 and 55 months
respectively; p = 0.07; Figure 1B). Patients with squamous cell cancer
had a poorer survival than those with adenocarcinoma (55 months vs.
66 months respectively; p<0.05).

On univariate analysis, there was no statistically significant
association between diabetes mellitus and OS (p=0.75; Figure 1C);
however, patients using metformin had significantly better survival
than those not using metformin (median survival not reached vs. 60
months; p=0.02; Figure 1D). After adjusting for age, gender, race,
diabetes mellitus, smoking status, histology, pathological stage and
insulin use, multivariate analysis demonstrated that metformin
use improved overall survival (HR 3.08, p<0.01, Table 2 and Figure
2). In order to examine if this result was driven primarily by poor
outcomes in diabetic patients not on metformin, the overall survival
of diabetic patients not on metformin (n=35) was compared with non-
diabetic patients not on metformin (n=333). This comparison was not
statistically significant (p=0.147); diabetic patients not on metformin
had a median survival of 55 months (95% CI: 35-75 months) compared
to non-diabetic patients not on metformin who had a median survival
of 61 months (95% CI: 50-72 months).

Discussion

Diabetes mellitus is a widespread chronic condition commonly
seen in lung cancer patients. A recent analysis of 11,190 patients with
Stage I-II NSCLC from Surveillance, Epidemiology, and End Results
(SEER) reports a high prevalence of DM (26.6%) [15]. Conversely,
the diagnosis of diabetes may be associated with a higher incidence of
lung cancer. A recent meta-analysis of 97 studies comprising 820,900
people reports a moderate association of lung cancer death with a

Variable Non-Metformin user Metformin user Overall P value
Number 368 (90%) 41 (10%) 409 (100%)

Age (Mean + SD); Range 68.3 +10.3; 21-93 71.0 £ 8.8; 45-85 68.5 £ 10.2; 21-93 0.131
Gender-Male 157 (42.7%) 15 (36.6%) 172 (42.1%) 0.455
Race

White 340 (92.4%) 35 (85.4%) 375 (91.7%) 0.122
Others 28 (7.6%) 6 (14.6%) 34 (8.3%) ’
Smoking

Current 157 (42.7%) 12 (29.3%) 169 (41.3%)

Previous 179 (48.6%) 24 (58.5%) 203 (49.6%) 0.243
Never 32 (8.7%) 5(12.2%) 37 (9%)

Surgery

Lobectomy 360 (97.8%) 41 (100%) 401 (98%) 0.688
Pneumonectomy 8 (2.2%) 0 (0%) 8 (2.0%) ’
Histology

Adenocarcinoma 224 (60.9%) 20 (48.8%) 244 (59.7%)

SqCC 108 (29.3%) 16 (39%) 124 (30.3%) 0.323
Others 36 (9.8%) 5(12.2%) 41 (10%)

Pathologic stage

1A 231 (62.8%) 28 (68.3%) 259 (63.3%) 0.487
1B 137 (37.2%) 13 (31.7%) 150 (36.7%) ’
Insulin use

Yes 6 (1.6%) 10 (24.4%) 16 (3.9%) <0.001
No 362 (98.4%) 31 (75.6%) 393 (96%) ’
Alive at last follow up

Yes 223 (60.6%) 34 (82.9%) 257 (62.8%) 0.005
No 145 (39.4%) 7(17.1%) 152 (37.2%) ’

Table 1: Patient Demographics (N=409); A significantly higher proportion of metformin users were on insulin and were alive at the last follow up. SqCC-Squamous Cell

Carcinoma.
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Figure 1: Kaplan-Meier Plots of Overall Survival (OS) Rates. Panel A-Kaplan-Meier plot of overall survival with stage (IA and IB). Panel B-Kaplan-Meier plot showing
a trend toward better survival of never smokers compared to current/former smokers (P=0.07). Panel C-Kaplan-Meier plot showing no difference in OS in patients with
and without DM. Panel D-Kaplan-Meier plot showing significantly better OS in patients on metformin compared to those not on metformin (P=0.02).

Variable Reference
No Metformin Metformin
Age
Gender: Female Male
Race: Other White
Diabetes: No Diabetes

Smoking: Current

Smoking: Never
Histology: AdenoCa
Histology: Other
Path stage: 1A
Insulin: No use

Smoking: Previous

Smoking: Previous
Histology: SqCC
Histology: SqCC

Path stage: IB
Insulin: Use

P-value HR (95% CI)
0.009 3.08 (1.32-7.19)
0.004 1.03 (1.01-1.05)
0.665 1.08 (0.77-1.50)
0.529 1.21(0.67-2.2)
0.293 0.78 (0.48-1.25)
0.58 1.13 (0.79-1.62)
0.028 0.44 (0.21-0.92)
0.036 0.68 (0.48-0.98)
0.158 0.64 (0.35-1.19)
0.224 0.81(0.58-1.14)
0.918 1.05 (0.393-2.82)

Table 2: Factors associated with overall survival in multivariate model. Higher hazard ratio (HR) denotes increased risk of death. SqCC: Squamous cell cancer, AdenoCa:

Adenocarcinoma.

diagnosis of DM (Hazards Ratio 1.27; 95% CI: 1.13-1.43) [10]. Despite
its prevalence, the association of DM with outcomes in lung cancer
has only recently gained attention and the results of investigations
studying are largely inconclusive. A Surveillance, Epidemiology and
End Results (SEER) Program database study along with several others
report a worse overall outcome in diabetic patients with lung cancer,
including tumor recurrence [15,16]. Conversely, some studies support

improved survival in patients of lung cancer with DM [17,18]. A recent
analysis of registry data from Norway with 1067 lung cancer including
77 cases with DM, reports a lower mortality in lung cancer patients
with DM [18]. Similarly, Hanbali and colleagues report that DM is
associated with lower rate of metastasis in 566 patients with NSCLC;
however, this did not translate into lower mortality [19]. Several others
show no association between DM and NSCLC outcome [20,21]. From
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Figure 2: Kaplan-Meier plot showing significantly better OS in patients on metformin after controlling for the effect of age, gender, race, stage, smoking and histology.

a mechanistic viewpoint, research shows conflicting effects of DM on
tumor progression as well. On one hand, pathways mediated by high
levels of insulin and insulin-like growth factors may be responsible for
fostering cancer progression and may lead to worse outcomes [22]. On
the other hand, it has been hypothesized that the vascular changes due
to diabetic microangiopathy may hamper spread of neoplastic cells and
thereby protect against metastases [23].

The divergence of results between different studies may be due
to differences in patient selection and/or potential confounding
anti-neoplastic effects of medical management using metformin.
Metformin belongs to the biguanide class of oral hypoglycemic agents
that decrease hepatic glucose production and improve insulin action.
Metformin is a first-line oral drug used in the treatment of DM. Several
lines of evidence suggest that metformin has antineoplastic activity in
lung cancer. Epidemiologic reports show a reduced rate of incidental
cancers in diabetic patients on metformin [24,25]. A recent study
from Taiwan reports a higher incidence of gastrointestinal cancer in
patients with DM, and metformin reduces this incidence to normal or
below normal levels [26]. Recent meta-analyses conclude that use of
metformin in diabetic patients is associated with a lower risk of cancer
[27]. Similarly, a recent study did not show any association between
DM and increased risk of lung cancer, but instead showed a reduction
in lung cancer risk with the use of anti-diabetic medications [28]. In
terms of outcomes after incidence of cancer, Currie et al. demonstrated
that diabetic patients with incidental cancers (including lung) have a
worse prognosis than non-diabetics; however, metformin use results in
improved survival when compared with diabetics treated using other
drugs and compared with non-diabetics [29]. Another study showed
that diabetic patients with lung cancer who are exposed to metformin
prior to diagnosis seem to have a lower probability of presenting with
metastatic disease and a higher probability of improved survival [30].
A recent retrospective study concludes that metformin use improves
chemotherapy outcomes and survival in diabetic patients with stage
II-IV NSCLC [31]. These epidemiologic and clinical observations are
supported by pre-clinical experimental data as well. For example, animal

studies show that metformin prevents tobacco-induced carcinogenesis
in mice by reducing lung tumor burden by >50% [32]. Also, metformin
enhances the anti-proliferative effects of chemotherapeutic agents on
several tumor cell lines including lung cancer cell lines [33].

Several mechanisms of action for metformin’s anti-neoplastic
activity have been investigated and are discussed well in recent
reviews [34-38]. One potential mechanism of action is a metformin-
induced reduction in the high levels of insulin and insulin-like
growth factors, which have been implicated in promoting cancer
development and progression [22]. Metformin also activates 5
adenosine monophosphate (AMP)-activated protein kinase, which
inhibits protein synthesis and neoplastic cell proliferation [35]. In
addition, metformin may also exert antineoplastic effect by inhibiting
the Phosphoionisitide-3 kinase/Protein kinase B/mTOR (mammalian
target of rapamycin) pathway in cancers cells, which is responsible
for cellular growth and proliferation. Several others mechanisms of
metformin’s anti-cancer effect also include modification of tumor
milieu with reduced inflammation, induction of apoptosis, decrease in
epidermal growth factor (EGFR) receptor levels, reduction of mitogen-
activated protein kinase (MAPK) activation, and modulation of several
other proteins in cancer progression including Src, p53, cyclin D1, and
surviving [34-36,38].

Our finding that use of metformin is associated with improved
survival in patients with stage I NSCLC adds to the growing body
of literature that suggests a potential beneficial role of metformin
in lung cancer survival. To our knowledge, this is the first study of
metformin on lung cancer focused on a relatively uniform cohort of
patients with early stage NSCLC without treatment using modalities
other than surgery. This prevents confounding by potential effect-
modifications or interactions between metformin and chemotherapy
and/or radiotherapy. However, there are several limitations of this
study. The retrospective nature of this study using medical records
limits interpretation of results due to attendant and misclassification
bias. This risk is mitigated in part by the fact that most patients
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undergoing thoracic surgery are evaluated with routine laboratory
blood work during their preoperative workup, which should improve
detection of DM. In addition, this study is limited by the lack of
data evaluating relationships between glucose control and its effect
on cancer outcome as a potential confounder. Also, no longitudinal
assessment of metformin use is done. Along with possible confounding
with concomitant influence of other agents such as sulfonylureas or
statins, this lack of data limits the strength of conclusions that can be
drawn. In addition, no data evaluating time to recurrence are available
for analysis in this study.

Despite these limitations, our study suggests that metformin use
rather than diabetes improves survival in patients with Stage I NSCLC.
With the potential anti-cancer effects of metformin in vitro, this
commonly used drug warrants consideration as an adjuvant therapy
for early stage NSCLC. Findings from this retrospective study should
be validated using additional cohorts and support consideration of
metformin use in a prospective study.
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