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Introduction

Lung cancer is the most fatal cancer worldwide, responsible 

for nearly one fifth of all cancer deaths (1-3). Among 

patients with this illness, at least 80% are afflicted with non-

small cell lung cancer (NSCLC), and 65% of those patients 

present with locally advanced or metastatic disease (4). 
The management of NSCLC is stage-dependent and may 
involve surgery, chemotherapy, radiation therapy (RT), or 
a combination of these modalities (5). In general, for Stage 
II disease deemed operable patients may undergo surgery, 
usually with post-operative chemotherapy. Treatment 
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of Stage III disease is controversial, partly due to the 
heterogeneity of disease pattern in this group. Surgery may 
be considered for Stage IIIA NSCLC and is often preceded 
by neoadjuvant chemotherapy or chemoradiation (CRT). 
Alternatively, for unresectable stage II and III NSCLC, the 
current standard of care is RT to 60-Gy with concurrent 
platinum-based doublet chemotherapy (6). The poor 5-year 
survival rates for Stage II to III disease, ranging from 30% 
to as low as 5%, imply a need for improvements in therapy. 

Recently the oral hypoglycemic agent metformin has 
been linked to a reduction in the overall risk of cancer 
incidence and mortality in all sites (7-9). In select cancers, 
retrospective studies have demonstrated a clinical benefit 
to concurrent metformin use during cancer treatment. For 
instance, metformin use has been associated with higher 
pathologic complete response (pCR) rates in patients with 
esophageal, rectal, and breast cancers (10-12). Furthermore, 
improvements in survival have been observed in cancers 
of the larynx, lung, prostate, ovary and rectum (11,13-16).  
A retrospective analysis of 99 patients by Tan et al. found that 
metformin, when taken during chemotherapy, significantly 
improved overall survival (OS) and progression free survival 
in diabetic patients with advanced stage NSCLC (17).  
When combined with RT or CRT, metformin has been 
shown to improve pCR rates in esophageal cancer and 
survival rates in prostate, laryngeal, and rectal cancers 
(10,11,13,14). However metformin use was found to have 
no effect on survival in patients with oropharyngeal cancer 
treated with RT, nor on patients with pancreatic, colorectal 
or prostate cancers treated surgically and/or medically 
(16,18-20). And no studies to date have examined the effect 
of concurrent metformin with definitive CRT in patients 
with NSCLC.

On a molecular level, metformin is thought to possess 
both direct and indirect activity against cancer. Direct 
effects are related to activation of AMP-kinase (AMPK) 
which inhibits mammalian target of rapamycin (mTOR). By 
inhibition of mTOR, metformin impedes protein synthesis 
and reduces growth and proliferation in cancer cells (21-23). 
Indirect anticancer effects of the drug involve reduction of 
serum insulin levels, a hormone known to have mitogenic 
effects. Metformin has also exhibited lung cancer-specific 
activity in vitro via radiosensitization of NSCLC cells and 
inhibition of NSCLC tumor growth (24). In vivo, Algire et al.  
found that metformin suppressed the detrimental effects of 
hyperinsulinemia on lung tumor growth in mice (25). These 
pre-clinical findings may have valuable implications in the 
clinic.

In this retrospective analysis we investigated survival 
outcomes in diabetic patients with NSCLC treated with 
definitive CRT and previously on concurrent metformin. 
Given the available literature, we hypothesized that NSCLC 
patients on metformin during CRT might exhibit survival 
outcomes superior to those not on metformin. If a survival 
benefit was in fact found, we expected diabetic patients on 
metformin to do at least as well as non-diabetic patients, 
and diabetic patients not on metformin to demonstrate 
significantly poorer survival in comparison. Focusing 
on locally advanced NSCLC, we hoped to contribute to 
improving outcomes in the treatment of this devastating 
and currently intractable disease. 

Methods

This single-institution, Institutional Review Board (IRB)-
approved retrospective cohort study included patients with 
NSCLC who were treated definitively with platinum-
based doublet chemotherapy and thoracic RT to 60-66 Gy 
between 1999 and 2013. Patient privacy was maintained 
in accordance with Health Insurance Portability and 
Accountability Act regulations.

Our study centered on patients presenting with locally 
advanced disease. Nevertheless, the occasional patient 
with stage I unresectable disease was included if treated 
definitively with radiation. Individuals with stage IV disease 
were generally excluded except for a subset of patients with 
oligometastatic disease limited to a solitary extrathoracic 
metastasis (26). Considering recent evidence of improved 
survival with focused treatment of oligometastases, these 
select patients were also treated with curative intent using 
the standard of care (27-29). 

The primary variables of interest were: (I) a history of 
type II diabetes and (II) concurrent metformin use during 
CRT. Patients with diabetes must have been diagnosed with 
anti-diabetic medications started prior to initial consultation 
with medical or radiation oncology, and any anti-diabetic 
medications had to be initiated prior to consultation and 
treatment of their lung cancer. Diabetic patients who were 
not on metformin were diet-controlled, treated with other 
medications, or frankly untreated. 

All study participants had an initial consultation that 
involved a history and physical exam. Histologic or 
cytologic diagnosis confirming adenocarcinoma, squamous 
cell carcinoma and/or poorly differentiated NSCLC was 
required for inclusion. Thoracic CT or PET-CT scans 
were utilized for clinical staging, and patients were staged 
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according to the AJCC TNM Cancer Staging Manual, 6th 
edition (30). Patients received definitive CRT over a period 
of six to seven weeks.

During radiotherapy, each patient was placed in a supine 
position with arms up to allow accurate reproducibility 
of the target lesion among treatment sessions. A large 
rigid pillow or mold was created for each patient. RT was 
delivered using 3D conformal or intensity-modulated 
technique. RT was delivered through anteroposterior fields 
first to 40 Gy in 1.8 or 2 Gy per fraction per day followed 
by oblique fields to avoid the spinal cord for an additional 
20-26 Gy for a total RT dose of typically 60-66 Gy. If 
patients presented with involved bilateral mediastinal lymph 
nodes, then IMRT was employed either from the onset of 
RT or for the boost/off-cord component of their RT. The 
analytic anisotropic algorithm was employed with tissue 
inhomogeneity corrections, with 6- or 15-Megavoltage 
photons used to deliver the RT. The radiation dose for the 
spinal cord was <50 Gy. The mean lung dose was <20 Gy 
and V5 <60-70% and V20 <37%.

The typical chemotherapy regimen consisted of IV infusional 
drug delivery consisting of paclitaxel (45 mg/m2/week)  
plus carboplatin (AUC =2/week) on days 1, 8, 15, 22, 29, 
36, and 43 of RT. RT was delivered after the administration 
of chemotherapy, with RT beginning on Monday with the 
exception of national holidays occurring on Monday, in 
which case, RT would begin on Tuesday.

Follow-up chest CT was performed 6-8 weeks after the 
completion of CRT and then every 3 months for the first 
year and every 6 months for 2 years, then yearly thereafter. 
These CT scans were evaluated by thoracic radiology, and 
medical and radiation oncology. Recurrence was diagnosed 
and confirmed with clinical exam and imaging by CT or 
PET-CT. 

Study endpoints and statistical analysis

OS was the primary endpoint in this study. Other endpoints 
of interest included progression-free survival (PFS), 
locoregional recurrence-free survival (LRRFS) and distant 
metastasis-free survival (DMFS). All four parameters were 
quantified using the difference between the date of NSCLC 
diagnosis and date of last follow-up and/or recurrence. 
Survival analysis was done comparing DM + met (diabetics 
treated with metformin) versus non-DM (non-diabetic) 
cohorts and also DM + met versus DM − met (diabetics not 
treated with metformin) cohorts. 

The computer software program R (version 2.15.1) was 

used for all statistical analyses (The R Project for Statistical 
Computing, http://www.r-project.org/). Survival curves 
were produced using the Kaplan-Meier method, and 
cohorts were compared using log-rank testing. Chi-squared 
or Fisher’s exact tests were employed when appropriate, 
with a P value of 0.05 or less indicating significance.  
A P value between 0.05 and 0.10 was considered to 
represent a trend toward significance. Cox regression was 
used in univariate analysis of all potential confounders. All 
variables found to significantly influence OS were included 
in multivariate analysis.

Results

Patient characteristics

One hundred and sixty-six patients treated with definitive 
CRT for inoperable NSCLC were eligible for the study 
(Tables 1 and 2). The median follow-up for the entire study 
population was 17.0 months. Median age was 65 years, 
and gender was evenly distributed among cohorts. At 26.8, 
the median body mass index (BMI) was slightly above 
the average range (18.5-24.9) and most patients (74.2%) 
exhibited an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0-1 prior to treatment (31). Patients 
of all stages were included, though 83.1% had Stage II or 
III disease, 7.3% had Stage I disease and 9.6% had Stage 
IV oligometastatic NSCLC with a single metastasis. T, 
N and M-stage distributions were similar among cohorts. 
Among the diabetic patients, the DM + met cohort included 
three patients on insulin and 11 on other anti-diabetic 
medications, and the DM-met cohort included six patients 
on insulin and seven on other antidiabetic medications. 
Patients’ daily dose of metformin ranged from 500 to 
2,000 mg with a median of 2,000 mg. All patients received 
definitive RT to a median of 62 Gy. Study cohorts consisted 
of: (I) non-DM, n=126, 76%); (II) DM + met, n=20, 12%; 
and (III) DM − met, n=20, 12%. 

Comparative cohort analysis

Non-diabetic patients vs. diabetic patients on metformin
Compared with our non-diabetic cohort, our metformin 
cohort contained older patients (72 vs. 65 years, P=0.02) 
with a higher median BMI (30.7 vs. 26.2, P=0.010) and 
a higher rate of comorbid hypertension (80% vs. 51%, 
P=0.026). The two cohorts were similar with respect 
to age, gender, smoking status, ethnicity, and presence 
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Table 1 Demographics and patient characteristics

Characteristic All Non-DM DM + met DM − met
P (non-DM vs. 

DM + met)

P (DM + met vs. 

DM − met)

Patients 166 126 20 20

Median age at Dx [range] 65 [24-86] 65 [24-86] 72 [54-80] 69 [55-80] 0.02* 0.08

Gender (%) 0.15 1.00

Female 75 (45.2) 63 (50.0) 6 (30.0) 14 (30.0)

Male 91 (54.8) 63 (50.0) 14 (70.0) 14 (70.0)

Median BMI (range) 26.8 (16.4-45.1) 25.9 (16.4-41.6) 30.3 (22.7-45.1) 29.3 (18.9-38.7) 0.01* 0.33

ECOG score (%) 0.70 0.05*

0 91 (54.9) 71 (44.7) 12 (60.0) 6 (30.0)

1 32 (19.3) 21 (13.2) 4 (20.0) 7 (35.0)

2 12 (7.2) 9 (5.7) 0 (0.0) 3 (15.0)

3 5 (3.0) 3 (1.9) 3 (15.0) 1 (5.0)

4 1 (1.0) 1 (0.6) 0 (0.0) 0 (0.0)

Unknown 25 (15.1) 21 (13.2) 1 (5.0) 3 (15.0)

Smoking during RT (%) 30 (18.1) 24 (11.4) 2 (10.0) 4 (20.0) 0.53 0.66

History of smoking 151 (91.0) 116 (57.3) 18 (90.0) 17 (85.0)

Ethnicity (%) 0.53 0.53

African American 9 (5.4) 4 (3.2) 2 (10.0) 3 (15.0)

Asian 6 (3.6) 6 (4.8) 0 (0.0) 0 (0.0)

Caucasian 123 (74.1) 96 (76.2) 16 (80.0) 12 (60.0)

Hispanic 5 (3.0) 4 (3.2) 0 (0.0) 1 (5.0)

Other 24 (14.5) 16 (12.7) 2 (10.0) 4 (20.0)

Comorbid conditions (%)

COPD 48 (28.9) 32 (25.4) 8 (40.0) 8 (40.0) 0.29 1.00

HTN 93 (56.0) 66 (52.4) 16 (80.0) 11 (55.0) 0.03* 0.30

CAD 36 (21.7) 21 (16.7) 5 (25.0) 8 (40.0) 0.54 0.32

HLD 29 (17.5) 20 (15.9) 4 (20.0) 5 (25.0) 0.36 1.00

CHF 4 (2.4) 3 (2.4) 0 (0.0) 1 (5.0) 1.00 0.49

Non-DM, non-diabetic patients; DM + met, diabetic patients on metformin; DM − met, diabetic patients not on metformin;  

Dx, diagnosis; BMI, body mass index; ECOG, Eastern Cooperative Oncology Group Performance Status; COPD, chronic 

obstructive pulmonary disease; HTN, hypertension; CAD, coronary artery disease; HLD, hyperlipidemia; CHF, congestive heart 

failure. *, significant P value.

of the following comorbidities—chronic obstructive 
pulmonary disease (COPD), coronary artery disease (CAD), 
hyperlipidemia (HLD) and congestive heart failure (CHF). 
Disease characteristics were also similar among cohorts, 
including tumor pathology, TNM stage, stage group, gross 
tumor volume (GTV). A similar number of patients in both 
groups received concurrent chemotherapy, and chemotherapy 
regimens were similar. Median definitive doses of RT did not 
differ between cohorts. 

Log rank test comparing non-DM and DM + met 
patients revealed no significant difference in OS between 
cohorts (16.3 vs. 14.3 months, P=0.23). PFS was also similar 
between the two groups with the non-DM group achieving 
a survival of 11.6 vs. 9.7 months in the DM + met group 
(P=0.26). Furthermore, concurrent metformin use during 
CRT seemed to provide no benefit in LRRFS (14.1 vs. 
11.9 months, P=0.78) or DMFS (13.4 vs. 10.0 months, 
P=0.69). Please refer to Figure 1 for Kaplan Meier survival 
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Table 2 Clinicopathologic features and treatment characteristics

Characteristic All Non-DM DM + met DM − met
P (non-DM vs.  

DM + met)

P (DM + met vs.  

DM − met)

Pathology (%) 0.11 0.20

Squamous 59 (35.5) 42 (33.3) 11 (55.0) 6 (30.0)

Non-squamous 107 (64.5) 84 (66.7) 9 (45.0) 14 (70.0)

Adenocarcinoma 77 (46.4) 60 (47.6) 8 (40.0) 9 (45.0)

Large cell carcinoma 1 (0.6) 1 (0.8) 0 (0.0) 0 (0.0)

Poorly diff. carcinoma 14 (8.4) 11 (8.7) 1 (5.0) 2 (10.0)

NSCLC NOS 15 (9.0) 12 (9.5) 0 (0.0) 3 (15.0)

Stage group (%) 0.70 0.23

IA 7 (4.2) 6 (4.8) 0 (0.0) 2 (10.0)

IB 5 (3.0) 4 (3.2) 1 (5.0) 0 (0.0)

IIA 2 (1.2) 2 (1.6) 0 (0.0) 0 (0.0)

IIB 11 (6.6) 8 (6.3) 2 (10.0) 1 (5.0)

IIIA 54 (32.5) 41 (32.5) 4 (20.0) 9 (45.0)

IIIB 71 (42.8) 53 (42.1) 11 (55.0) 6 (30.0)

IV 16 (9.6) 12 (9.5) 2 (10.0) 2 (10.0)

T stage (%) 0.12 0.126

TX 7 (4.2) 6 (4.8) 1 (5.0) 0 (0.0)

T0 2 (1.2) 2 (1.6) 0 (0.0) 0 (0.0)

T1 24 (14.5) 19 (15.1) 2 (10.0) 4 (20.0)

T2 51 (30.7) 37 (29.4) 8 (40.0) 6 (30.0)

T3 40 (24.1) 33 (26.2) 1 (5.0) 6 (30.0)

T4 42 (25.3) 29 (23.0) 8 (40.0) 4 (20.0)

N stage (%) 0.33 0.61

NX 4 (2.4) 3 (2.4) 0 (0.0) 1 (5.0)

N0 20 (12.0) 17 (13.5) 2 (10.0) 2 (10.0)

N1 15 (9.0) 11 (8.7) 2 (10.0) 2 (10.0)

N2 80 (48.2) 57 (45.2) 10 (50.0) 13 (65.0)

N3 47 (28.3) 38 (30.2) 6 (30.0) 2 (10.0)

M stage (%) 1.00 1.00

M0 150 (90.4) 114 (90.5) 18 (90.0) 18 (90.0)

M1 (limited to 1 distant 

metastasis)

16 (9.6) 12 (9.5) 2 (10.0) 2 (10.0)

Median GTV (cm3) 116.0 103.9 151.4 117.6 0.54 0.46

Concurrent CT (%) 0.46 1.00

Yes 143 (88.6) 113 (89.7) 18 (90.0) 18 (90.0)

No 16 (11.4) 12 (10.3) 2 (10.0) 2 (10.0)

Total tumor dose (Gy) 62.0 61.2 63.0 63.9 0.63 0.34

Non-DM, non-diabetic patients; DM + met, diabetic patients on metformin; DM − met, diabetic patients not on metformin;  

Dx, diagnosis; NOS, not otherwise specified; GTV, gross tumor volume; CT, chemotherapy. *, significant P value.
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Figure 1 Non-diabetic vs. diabetic patients on concurrent metformin. Red, DM + met (diabetics on metformin cohort), n=20; black, non-
DM (non-diabetic cohort), n=126; overall survival, P=0.23; PFS, progression-free survival, P=0.26; LRRFS, locoregional failure-free 
survival, P=0.78; DMFS, distant metastasis-free survival, P=0.69.
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Table 3 Hazard ratios by survival outcome in comparative cohort

Survival 

measure

HR (CI95%)

Non-DM vs. DM + met DM + met vs. DM − met

OS 1.43 (0.80-2.53) 1.73 (0.78-3.85)

PFS 1.40 (0.79-2.47) 1.40 (0.65-3.04)

LRRFS 1.15 (0.40-3.31) 0.77 (0.22-2.74)

DMFS 1.26 (0.66-2.39) 2.15 (0.79-5.83)

OS, overall survival; PFS, progression-free survival; LRRFS, 

locoregional failure-free survival; DMFS, distant metastasis-

free survival; HR, hazard ratio; CI95%, 95% confidence interval;  

Non-DM, non-diabetic cohort; DM + met, diabetics on metformin 

cohort; DM − met, diabetics not on metformin cohort.

curves and to Table 3 for corresponding hazard ratios 
with confidence intervals. The 1-, 2- and 3-year OS rates 
for the non-DM cohort were 69.0%, 30.9% and 19.8% 
respectively, and were 60.0%, 25.0%, and 10.0% in the  

DM + met cohort. Identified general negative prognostic 
factors on univariate analysis included higher age at 
diagnosis (P=0.03), lower performance status (P=0.005), 
presence of CAD (P=0.04), higher T stage (P=0.0001), and 
squamous cell histology (P=0.003). 

Metformin vs. other anti-diabetic therapy in diabetic patients
Diabetic patients on concurrent metformin were compared 
with diabetic patients who were either concurrently on 
other medication or diet-controlled. Performance status was 
significantly worse in DM − met patients when compared 
with DM + met patients (P=0.05). Otherwise, patient 
demographics, tumor burden and treatment were similar 
between the two cohorts (Tables 1 and 2).

Diabetic patients on metformin exhibited comparable 
survival to diabetic patients on other forms of treatment. 
Median OS for DM − met patients was 19.2 versus 14.3 months  
in DM + met patients (P=0.18). PFS in DM − met patients 
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was 10.1 months whereas PFS was 19.7 months for DM + 
met patients (P=0.38). LRRFS and DMFS were 15.5 and 
17.4 months respectively in the DM-met cohort, vs. 11.9 and  
10.0 months respectively in the DM + met patients (LRRFS 
P=0.69, DMFS P=0.12) (Please refer to Figure 2 for Kaplan 
Meier survival curves and to Table 3 for corresponding 
hazard ratios with confidence intervals). The 1-, 2- and 
3-year OS rates for DM + met cohort were 60.0%, 25.0%, 
and 10.0% respectively, while they were 80.0%, 35.0% and 
20.0% in the DM − met cohort. Non-caucasian ethnicity 
was the only identified general negative prognostic factor 
on univariate analysis (P=0.05).

Discussion

We sought to evaluate the relative benefit of metformin 
on patients being previously treated with this medicine 
for DM during the course of CRT. Based on literature 
demonstrating the possible benefit of metformin as an 

mTOR inhibitor, as well as retrospective clinical studies 
reporting mixed, site-dependent results with concurrent 
metformin therapy, we pursued this topic specifically as 
it applies to patients with locally-advanced unresectable 
NSCLC patients treated with CRT (10,11,13-16,18-21). In 
our study, concurrent metformin with CRT did not impact 
survival or cancer progression. DM patients on metformin 
exhibited neither a survival benefit when compared with 
other DM patients, nor when compared with non-DM 
patients. To our knowledge, this is the first to investigate 
the effect of concurrent metformin with definitive CRT for 
locally advanced unresectable NSCLC. 

Our study population demonstrated a median OS of 
17.0 months and PFS of 10.7 months, with no significant 
difference among cohorts. It is possible that, due to study 
limitations, we failed to detect a benefit with metformin 
use that in fact exists. Compared with the non-DM cohort, 
the DM + met cohort included significantly older patients 
with a higher median BMI and a higher rate of comorbid 

Figure 2 Metformin vs. other anti-diabetic therapy in diabetic patients (red = DM + met, black = DM − met). Red, DM + met (diabetics 
on metformin cohort), n=20; black, DM − met (diabetics not on metformin cohort), n=20; overall survival, P=0.18; PFS, progression-free 
survival, P=0.38; LRRFS, locoregional failure-free survival, P=0.69; DMFS, distant metastasis-free survival, P=0.12. 
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hypertension. Increased age and relatively poorer health may 
have confounded potentially superior cancer survival in this 
group. Additionally, due to the retrospective nature of this 
study, the severity of DM in each diabetic patient was difficult 
to gauge. Consequently, one weakness of this study is the 
inability to determine whether the severity of an individual’s 
DM during CRT for NSCLC impacts outcomes.

The consequences of metformin use may vary by cancer 
site and patient population. Metformin is contraindicated 
in patients with renal, hepatic and lung disease due to an 
increased risk of metabolic acidosis (32). Unfortunately, 
a majority of NSCLC patients have extensive smoking 
histories with comorbid obstructive lung disease. In patients 
using metformin, mortality of reported cases of metabolic 
acidosis is 50 percent (32). Due to suboptimal ventilation 
and V/Q mismatch, patients with COPD may suffer from 
subclinical acidemia, especially with metformin therapy, 
possibly contributing to relatively poorer survival outcomes 
in this cohort. This serves as a theoretical possibility in the 
case of NSCLC, as opposed to that of other cancers not 
associated with compromised lung function, which have 
exhibited a survival benefit associated with metformin and 
concurrent RT (11,13-16).

Additionally, tumor response to metformin may be  
dose-dependent. A retrospective analysis of 285 patients by 
Skinner et al. reported a dose-dependent increase in pCR 
associated with concurrent metformin and CRT in patients 
with esophageal adenocarcinoma (10). Higher pCR rates 
were observed in patients taking more than 1,500 mg of 
metformin daily. Again, as our analysis was retrospectively 
performed, dosing information was not available for all 
patients.

Concurrent metformin therapy may only benefit patients 
with specific tumorigenic mutations. On a molecular level, 
antineoplastic activity of metformin operates via AMPK 
and mTOR pathways to inhibit tumor cell growth and 
proliferation (21). This antineoplastic mechanism may 
only affect particular classes of malignant cells. Buzzai et al.  
showed metformin to selectively impair p53 deficient tumor 
cells in vitro and AICAR—another AMPK activator like 
metformin—to inhibit p53 -/- tumor growth in vivo (33).  
If metformin indeed acts specifically on p53 mutated cells, 
since only 50% of patients with NSCLC possess this 
mutation, a survival benefit with concurrent metformin 
might only exist for a subset of patients in our study (34). 
This difference in survival would be confounded by survival 
rates of patients in our metformin cohort without a p53 

gene mutation.
Also, DM patients in our study population may 

inherently live longer than patients without DM, potentially 
masking any benefit conferred by metformin. A Swedish 
study by Hatlen et al. [2011] retrospectively examined 
OS in 1,677 lung cancer patients with and without DM. 
The study reported significantly prolonged OS in lung 
cancer patients with DM (P=0.005) (35). Although DM 
is generally associated with poor prognostic outcomes in 
cancer patients, the relationship between tumor cells, DM 
and metformin may be unique in lung cancer. The positive 
results with metformin therapy observed in other cancer 
sites may not apply to NSCLC.

Conclusions

In summary, our study found no significant survival benefit 
associated with concurrent metformin during definitive 
CRT in patients with NSCLC. Metformin may possess 
differential anti-neoplastic activity depending on patient 
population, genetics, comorbidities and cancer site. 
Further retrospective and prospective research is warranted 
considering positive results in pre-clinical and clinical 
chemotherapy studies in NSCLC, as well as in clinical 
studies with other cancer sites. Specifically, analysis of larger 
populations with more detailed information regarding DM 
severity, metformin dosing, and tumor genetics is implied.
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