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Abstract

Background: Metformin and the thiazolidinediones (TZDs) may have a protective effect against the development
of lung cancer.

Methods: Patients with diabetes mellitus (DM) were identified from the electronic medical records of the Cleveland
Clinic. Diabetics with lung cancer were identified then verified by direct review of their records. Control subjects
were matched with cancer subjects 1:1 by date of birth, sex, and smoking history. The frequency and duration of
diabetic medication use was compared between the groups. The cancer characteristics were compared between
those with lung cancer who had and had not been using metformin and/or a TZD.

Results: 93,939 patients were identified as having DM. 522 lung cancers in 507 patients were confirmed. The
matched control group was more likely to have used metformin and/or a TZD (61.0% vs. 41.2%, p < 0.001 for any
use; 55.5% vs. 24.6%, p < 0.001 for >24 months vs. 0–12 months). In the group with lung cancer, those who had
used metformin alone had a different histology distribution than those who received neither metformin nor a TZD,
were more likely to present with metastatic disease (40.8% vs. 28.2%, p = 0.013), and had a shorter survival from the
time of diagnosis (HR 1.47, p < 0.005).

Conclusions: The use of metformin and/or the TZDs is associated with a lower likelihood of developing lung
cancer in diabetic patients. Diabetics who develop lung cancer while receiving metformin may have a more
aggressive cancer phenotype.
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Background
Lung cancer is the leading cause of cancer related mor-
tality worldwide. Individuals at risk for developing lung
cancer can be identified by clinical epidemiologic factors
[1-4]. Recently, molecular predictors of the risk of devel-
oping lung cancer have also been sought [5-7]. The only
successful means of modifying one’s risk for developing
lung cancer is the avoidance of causative exposures, par-
ticularly cigarette smoking [8]. Attempts at developing
chemopreventive strategies have met with little success
to date. When lung cancer is diagnosed, it is often in an
advanced stage. Available treatment has a significant im-
pact on outcomes, however, the overall success of treat-
ment remains poor. Advances in the fields of lung
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cancer chemoprevention and therapy have the potential
to reduce lung cancer related mortality.
Patients with diabetes mellitus (DM) often have clin-

ical risk factors for the development of cancer. Suggested
links in the biology of DM and cancer include hypergly-
cemia driving malignant cell growth, the insulin and
insulin-like growth factor axis leading to cell survival
and mitogenesis, and alterations in inflammatory cyto-
kines leading to suppression of antitumor immunity
[9,10]. An epidemiologic link between an increased inci-
dence of various cancers in diabetics, as well as a poorer
prognosis for cancer survival amongst diabetics, has
been suggested [9,10]. Studies assessing the impact of
DM on lung cancer prognosis have yielded variable
results [11].
Diabetes treatments may influence the risk of develop-

ing cancer and the prognosis of cancer when it develops.
There is epidemiologic and pathophysiologic evidence
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that the biguanide metformin and the class of thiazolidi-
nediones (TZDs) may have cancer suppressing effects
[12,13]. The aims of the current study were to determine
if the frequency of metformin and/or TZD use differs
between diabetic patients who develop lung cancer and
those who do not; and to determine if there are differ-
ences in the presentation and outcomes of diabetic
patients with lung cancer who have used metformin
and/or a TZD compared to those who have not.

Methods
Study design and data collection
The current study received institutional review board
approval from the Cleveland Clinic. This was a retro-
spective, case–control study. An electronic medical rec-
ord search of the Cleveland Clinic Health System
patients identified subjects with a recorded diagnosis of
DM. Data automatically extracted from the electronic
record (when recorded) included the diabetic patient’s
date of birth, sex, tobacco history, diagnosis of lung can-
cer, medications being used, date of first use of medica-
tions, body mass index (BMI) measures, hemoglobin
A1c (HbA1c) values, and whether the subject was living
or deceased. Categories of medication use included in
the analysis were metformin and/or a TZD vs. neither,
metformin without a TZD vs. neither (labeled metformin
alone), and a TZD without metformin vs. neither (la-
beled TZD alone). Insulin and sulfonylurea use was also
documented.
For each subject labeled as having a diagnosis of lung

cancer in the medical record, the diagnosis was con-
firmed through a direct review of the documentation
within their record. Additional data was extracted from
the records of those subjects confirmed as having lung
cancer, including the date of lung cancer diagnosis, hist-
ology of the cancer, stage at presentation, survival from
the date of diagnosis, and details of medication use
(type and dates). Lung cancer subjects were considered
to have used metformin or a TZD only if the use pre-
dated the diagnosis of lung cancer. Survival data was
supplemented by use of the Social Security Death Index
when necessary.
Control subjects were randomly selected from those

who were not labeled as having lung cancer. Control
subjects were matched to lung cancer subjects 1:1 based
on sex, date of birth (+/− 5 years), and tobacco history
when available for the cancer subject (current, former,
or never; then pack years +/− 10). When tobacco history
was not available for the cancer subject, the control was
selected to be a former smoker with a moderate number
of pack-years smoked. Eleven lung cancer patients did
not have their smoking status documented (current,
former, or never). The demographic and cancer charac-
teristics of these 11 were compared to the remainder of
the lung cancer patients. There was no difference in any
parameter. In addition, data was analyzed both with
these 11 (and their matched controls) and without these
11 (and their matched controls) included. There was no
difference in any outcome described, thus we chose to
include data from the entire group. Additional data col-
lected on the control subjects included details of medi-
cation use (type and dates). Control subjects use of
metformin or a TZD was analyzed first when defined as
use prior to the lung cancer diagnosis of their matched
case, and separately when defined as use at any time.
The electronic medical record was available from 2001

through the time of completion of the record review
6/2011. All records available for each patient within
this timeframe were reviewed to obtain the above in-
formation. The diagnosis of lung cancer could have oc-
curred at any time during the patient’s life, as long as
it had been documented definitively within their med-
ical record. The year of diagnosis was available for all
cancers (522 of 522, 100%). The date of diagnosis was
available for 459 of 522 cancers (87.9%). When the
date was not available the midpoint of the year was used.
The range of dates of diagnosis was 1978 – 7/28/2010. 24
of the cancers (5.0%) were diagnosed prior to 1995, when
the first of the medications in question became available.
Data was analyzed both with and without these 24
patients and their matched controls included. Results did
not differ between these analyses so we chose to present
data from the entire group. The duration of medication
use was taken as the date of first documented use to final
documented use. If the final documented use was at the
time of the last physician visit, the medication was con-
sidered to be used up to the point of the end of data col-
lection. Follow-up continued to the point of the last
patient visit encounter in the EMR. The SS Death Index
was accessed at the end of study data collection.

Statistical analysis
Continuous variables were assessed by Wilcoxon rank
sum tests. Categorical variables were compared using
chi-square and Fisher’s exact test where appropriate.
Univariate survival analysis was performed using the log
rank test with Kaplan-Meier curves. Cox regression was
used to assess the hazard ratio for survival in the group
with lung cancer after adjusting for statistically signifi-
cant factors. Conditional logistic regression including all
unmatched statistically significant factors, as well as
tobacco pack-years was used to assess the influence of
metformin and/or TZD use on the risk of developing
lung cancer. All analyses were performed with SAS 9.2
(Cary, NC, USA). For comparison between lung cancer
cases and matched controls, age was calculated at a fixed
point in time (1/1/1990) as matching was based on date
of birth. For comparison within the lung cancer group,



Table 2 Association between diabetic medication use and
a diagnosis of lung cancer

Lung
cancer

Control 1 Control 2 P-value

Metformin
and/or TZD

Any use 41.2 61.0 93.9 <0.001

>24 months 24.6 55.5 75.1 <0.001

Metformin alone Any use 25.0 30.3 49.5 <0.001

TZD alone Any use 6.5 10.5 9.9 <0.001

Insulin use 26.8 33.9 0.014

Sulfonylurea use 39.1 42.0 0.34

All numbers expressed as % of subjects taking the drugs listed in each
category. Control 1 = started the defined medication prior to the diagnosis of
lung cancer in the matched case, Control 2 = started the defined medication
either prior to or after the diagnosis of lung cancer in the matched case.
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the age used was the age at the time of lung cancer diag-
nosis. BMI and HbA1c values used in comparisons were
the means of all available values for each study subject,
and the median value of the individual subjects mean
values for the groups being compared.

Results
Patient population
A total of 93,939 subjects with a diagnosis of DM were
identified from the electronic medical record search. Of
these, 66.4% of all subjects were listed as using metfor-
min and/or a TZD during their life. From the entire
group, 645 had a diagnosis of lung cancer listed in their
electronic record. Upon review of the electronic charts,
a total of 522 lung cancers in 507 subjects were con-
firmed. The lung cancer and control subjects were well
matched for the variables selected, except for tobacco
smoking status where unknown values in the lung can-
cer group were matched to controls with known values
(Table 1). The results of the following analysis did not
differ if those with missing smoking values (and their
matched controls) were excluded from the analysis. The
BMI of the lung cancer group was slightly lower than
the control group (28.7 kg/m2 vs. 30.6 kg/m2, p < 0.001).
The HbA1c levels of the lung cancer group were similar
to those of the control group (7.0 vs. 7.2, p = 0.17).

Association of Metformin and/or TZD Use with
lung cancer
Study subjects with lung cancer were less likely to be
using metformin and/or a TZD prior to their lung can-
cer diagnosis than their matched controls (41.2% vs.
61.0%, p < 0.001). Similarly, study subjects with lung can-
cer were less likely to be using metformin alone (without
a TZD), or a TZD alone (without metformin). Study
Table 1 Matching of lung cancer and control subjects

Lung cancer
(507)

Control
(507)

P-value

Age As of
1/1/1990

56.2 (49.1, 61.6) 56.6 (49.7, 62.0) 0.39

Gender Female 38.9% 38.9% >0.99

Male 61.1% 61.1%

Tobacco Use Current 14.0% 14.2% 0.011

Former 73.6% 75.3%

Never 10.3% 10.5%

Unknown 2.2% 0%

Pack-years 40 (25, 45) 35 (25, 45) 0.13

BMI 28.7 (25.1, 33.4) 30.6 (26.8, 35.5) <0.001

HbA1c 7.0 (6.3, 7.8) 7.2 (6.5, 7.8) 0.17

Age, pack-years, BMI, and HbA1C are listed as medians (25th, 75th percentiles).
Age is listed as of 1/1/1990 for comparison purposes since matching was
based on date of birth.
All subjects with known diabetes mellitus.
subjects with lung cancer were less likely to be using
metformin and/or a TZD for more than 2 years duration
than their matched controls (24.6% vs. 55.5%, p < 0.001).
(Table 2) In a model including all factors statistically dif-
ferent and/or potentially not completely matched be-
tween the cancer and control groups (medication use,
BMI, HbA1C, and pack-years of smoking), only medica-
tion use was found to be associated with a lower odds of
developing lung cancer. The odds ratio (OR) and 95% CI
for metformin and/or TZD use is 0.47 (0.32-0.68,
p < 0.001), for metformin alone 0.48 (0.28-0.81,
p = 0.006), and for TZD alone 0.86 (0.4-1.85, p = 0.14).

Lung cancer patient population
In the group of study subjects who had a confirmed
diagnosis of lung cancer, those who were receiving met-
formin and/or a TZD were older than those who were
not (72.2 years vs. 68.3 years, p < 0.001). The two groups
had a similar sex distribution (% female 37.2 vs. 39.5,
p = 0.59). There was a suggestion of more active smokers
in the group with lung cancer who were receiving met-
formin and/or a TZD (18.8% vs. 11.2%, p = 0.099), but a
similar number of pack-years smoked was noted be-
tween the groups (median 36.5 vs. 40.0, p = 0.68). The
BMI was similar in those with lung cancer receiving
metformin and/or a TZD and those who were not (BMI
of 28.8 vs. 28.3, p = 0.60). The HbA1c was higher
in those receiving metformin and/or a TZD (HbA1c of
7.3 vs. 6.7, p < 0.001).

Lung cancer phenotype associations with metformin
and/or TZD Use
In the group of study subjects who had a confirmed
diagnosis of lung cancer, a statistically borderline differ-
ence was noted in the lung cancer histology distribution
between those who were and were not receiving metfor-
min and/or a TZD (Table 3). This relationship held true
for those receiving metformin alone (p = 0.014), but did
not reach significance for those receiving a TZD alone



Table 3 Lung cancer histology distribution

A. Metformin
and/or TZD

B. Metformin
alone

C. TZD
alone

D. Neither

Small cell 14.2 12.9 14.7 12.2

Adenocarcinoma 42.2 47.0 35.3 38.2

Squamous cell 23.4 23.5 26.5 19.4

Large cell 6.0 3.0 11.8 13.2

Non-small cell
unspecified

14.2 13.6 11.8 17.1

P-values: A. vs. D. 0.061, B. vs. D. 0.014, C. vs. D. 0.82.

Mazzone et al. BMC Cancer 2012, 12:410 Page 4 of 7
http://www.biomedcentral.com/1471-2407/12/410
(p = 0.82). Those who were receiving metformin and/or
a TZD were more likely to present with metastatic dis-
ease (39.8% vs. 28.2%, p = 0.008). This relationship held
true for metformin alone (40.8% vs. 28.2%, p = 0.013) but
not TZDs alone (31.3% vs. 28.2%, p = 0.72). In univariate
analysis, the survival of those with lung cancer receiving
metformin and/or a TZD was shorter than those who
were not (p < 0.001). This relationship held true for those
receiving metformin alone (p < 0.001), but not a TZD
alone (p = 0.21) (Figure 1). In multivariate analysis, the
HRs for survival, after correction for stage and age, in
those receiving metformin and/or a TZD was 1.22 (0.96-
1.55, p = 0.30), in those receiving metformin alone was
1.47 (1.12-1.92, p = 0.005), and in those receiving a TZD
alone was 1.04 (0.65-1.66, p = 0.87) (Table 4).

Discussion
Our study has identified an association between the use
of metformin and/or a TZD and a lower likelihood of
developing lung cancer in patients with DM. In addition,
those who developed lung cancer while receiving met-
formin were more likely to present with metastatic dis-
ease, had a lower survival rate (after correction for stage
and age), and had a different histology distribution than
those who were not receiving either of these drugs.
For an association to be considered causal, several cri-

teria need to be considered. Ideally, there should be a
strong association that increases as the exposure
increases; the exposure should occur before the disease
appears; the association should not conflict significantly
with what is already known of the disease; the associ-
ation should be biologically plausible; and the associ-
ation cannot be due to any source of error.
The association between the development of lung can-

cer and the use of metformin and/or a TZD reported
here was strong (control group was 1.5 times more likely
to have used these medications, OR 0.47) and increased
with greater exposure duration (control group was 2.3
times more likely to have used one of these medications
for longer than 24 months). All exposures in the cancer
group occurred prior to the diagnosis of cancer.
The associations identified in this study are consistent

with prior reports. A population based study of 11876
diabetics included 923 subjects with a cancer. Those
with cancer were less likely to be receiving metformin
than those without (36.4% vs. 39.7%) [14]. In a study of
10309 diabetics, cancer related mortality was reported in
3.5% of metformin users, 5.9% of sufonylurea users, and
5.8% of insulin users [15]. A report of 22,621 females
with DM using oral glucose lowering drugs included 305
women with breast cancer. Only 17 of the women with
breast cancer had used metformin > 5 years, as compared
to 120 matched controls (OR 0.44) [16]. In a neoadju-
vant chemotherapy trial for breast cancer 24% of 68 sub-
jects with DM receiving metformin had a complete
response to therapy, whereas only 8% of 87 who were
not taking metformin, and 16% on non-diabetics did
[17]. Metformin use in a mouse model of lung cancer
development was shown to reduce the lung tumor bur-
den by 53-72% [18]. Finally, in a cohort trial of 87,678
newly diagnosed diabetics over age 40, 1,371 lung can-
cers developed over a 7 year timeframe. A 33% reduction
in lung cancer risk was seen among TZD users after ad-
justment for covariates [19].
The associations reported in this study are biologically

plausible. Metformin impairs mitochondrial ATP pro-
duction inducing an energy stress at the cellular level.
AMP-activated protein kinase (AMPK) is a key cellular
energy sensor. During energy stresses, when the ratio of
AMP:ATP increases, AMP binds to AMPK, allowing its
activation through phosphorylation by the constituitively
active upstream kinase LKB1. Activation of AMPK leads
to a shift from energy depleting synthetic metabolic
pathways to energy conserving metabolic processes; to
an increase in P53 activity, resulting in cell cycle arrest
at the G1/S checkpoint, apoptosis, and activation of
autophagy pathways; and to a decrease in mTOR activity
resulting in a decrease in protein synthesis, cell growth,
and a reduction in survivin levels [20-26]. AMPK has a
direct link with cell proliferation during the M-phase of
the cell cycle, represses mitosis-gene families, and cytokin-
esis genes [27]. In LKB1 and P53 mutant tumors there
may be an inability to compensate for metformin induced
energy stresses [25]. Additional potentially protective
actions of metformin include decreases in circulating insu-
lin levels, as well as inhibition of phosphorylation of IGF-
1R/IR, Akt, ERK, and mTOR [12]. It is possible that lung
cancers that develop in the face of metformin use are less
sensitive to energy stresses or bypass the pathways influ-
enced by metformin use, resulting in a more aggressive
cancer phenotype and the observation of increased meta-
static disease, and shorter survival. Thiazolidinediones are
ligands for PPAR-gamma, a transcription factor highly
expressed in cancer cell lines [28]. Exposure to TZDs
in vitro leads to cell cycle arrest, apoptosis, and/or redif-
ferentiation through PPAR-gamma dependent and inde-
pendent actions [29,30].



Figure 1 Survival analysis of patients with DM and lung cancer. A. Those receiving metformin and/or a TZD versus those who were not. B.
Those receiving metformin alone versus those receiving neither metformin nor a TZD. C. Those receiving a TZD alone versus those receiving
neither metformin nor a TZD.
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Table 4 Hazard ratios for survival in diabetic patients
with lung cancer based on their use of metformin and/or
a TZD, corrected for stage at presentation and age

HR (95% CI) P-value

Metformin and/or TZD vs. neither 1.22 (0.96, 1.55) 0.30

Metformin alone vs. neither 1.47 (1.12, 1.92) 0.005

TZD alone vs. neither 1.04 (0.65, 1.66) 0.87
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The potential for the identified associations to be related
to sources of error can never be discounted in retrospect-
ive epidemiologic studies. Attempts to minimize the po-
tential influence of random errors and biases were made
by including all of the identified lung cancer subjects, hav-
ing a relatively large sample size, by directly reviewing
each of the study subjects’ medical records, and by match-
ing controls based on known and identifiable risk factors.
An effect-cause error was avoided by insuring medication
use prior to lung cancer diagnosis was documented. The
greatest remaining potential for error is the presence of a
confounding variable. The level of glucose control and the
BMI are potential confounders. The level of glucose con-
trol, as estimated by the HbA1c values, did not differ be-
tween cancer and control subjects, or within the groups of
lung cancer subjects who were and were not receiving
metformin and/or a TZD. The BMI of the control group
was slightly higher than the cancer group. This is in keep-
ing with other reports suggesting a potential protective ef-
fect of obesity on the risk of developing lung cancer [4]. It
is difficult to know if the lower BMI in the cancer group
represents the protective effect of obesity or if it is related
to weight loss from the cancer itself. There was no differ-
ence in the BMI of the cancer subjects who were and
those who were not receiving metformin and/or a TZD.
These factors were not found to be associated with lung
cancer risk or survival when assessed with multivariate
statistics. There has been a secular trend in lung cancer
histology in the United States. An influence of this trend,
combined with an increased use of the studied DM medi-
cations over time, on the association of histology distribu-
tion with medication use cannot be discounted. When
only subjects who developed their lung cancer after 1995
were included in the analysis (480 of 507) the results were
identical to those presented in the results section (results
not shown). Other unknown confounders, such as the po-
tential selection of DM medication based on symptoms or
co-morbidities that are associated with lung cancer, cannot
be controlled for with this study design. Overall, the
strength and consistency of the associations identified sup-
port the findings despite the design.

Conclusions
The use of the biguanide metformin and/or the TZDs is
associated with a reduction in the risk of developing
lung cancer. Diabetics who develop lung cancer while
receiving metformin may have a more aggressive cancer
phenotype. The role of these drugs as chemopreventive
agents deserves further study.

Abbreviations
AMP: Adenosine monophosphate; AMPK: Adenosine monophosphate
activated protein kinase; ATP: Adenosine triphosphate; BMI: Body mass index;
DM: Diabetes mellitus; HbA1C: Hemoglobin A1C; HR: Hazard ratio;
mTOR: Mammalian target of rapamycin; OR: Odds ratio; PPAR: Peroxisome
proliferator-activated receptor; TZD: Thiazolidinedione.

Competing interests
The authors declare that they do not have any competing interests.

Authors’ contributions
PM made significant contributions to the conception and design, acquisition
of data, analysis and interpretation of data, drafting and critical revision of
the manuscript, statistical analysis, and supervision. He had full access to all
of the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis. HR made significant contributions to
the acquisition of data, critical revision of the manuscript, statistical analysis,
and administrative support. MB made significant contributions to the
acquisition of data, critical revision of the manuscript, and administrative
support. MX made significant contributions to the analysis and interpretation
of data, critical revision of the manuscript, and statistical analysis. AJ made
significant contributions to the acquisition of data, critical revision of the
manuscript, and technical support. MS made significant contributions to the
acquisition of data, critical revision of the manuscript, and technical support.
All authors read and approved the final manuscript.

Author details
1Respiratory Institute, The Cleveland Clinic, 9500 Euclid Ave., A90, Cleveland,
OH 44195, USA. 2Northside Medical Center, Youngstown, OH, USA.
3Quantitative Health Sciences, The Cleveland Clinic, Cleveland, USA.
4Department of Internal Medicine, Cleveland Clinic, Cleveland, OH, USA.

Received: 12 April 2012 Accepted: 10 September 2012
Published: 14 September 2012

References
1. Bach PB, Kattan MW, Thornquist MD, Kris MG, Tate RC, Barnett MJ, Hsieh LJ,

Begg CB: Variations in lung cancer risk among smokers. J Natl Cancer Inst
2003, 95:470–478.

2. Spitz MR, Hong WE, Amos CI, Wu X, Schabath MB, Dong Q, Shete S, Etzel
CJ: A risk model for prediction of lung cancer. J Natl Cancer Inst 2007,
99:715–726.

3. Cassidy A, Myles JP, van Tongeren M, Page RD, Liloglou T, Duffy SW, Field
JK: The LLP risk model: an individual risk prediction model for lung
cancer. Br J Cancer 2008, 98:270–276.

4. Tammemagi CM, Pinsky PF, Caporaso NE, Kvale PA, Hocking WG, Church TR,
Riley TL, Commins J, Oken MM, Berg CD, Prorok PC: Lung cancer risk
prediction: Prostate, lung, colorectal and ovarian cancer screening trial
modes and validation. J Natl Cancer Inst 2001, 103:1058–1068.

5. Spitz MR, Etzel CJ, Dong Q, Amos CI, Wei Q, Wu X, Hong WK: An expanded
risk prediction model for lung cancer. Cancer Prev Res 2008, 1:250–254.

6. Young RP, Hopkins RJ, Hay BA, Epton MJ, Mills GD, Black PN, Gardner HD,
Sullivan R, Gamble GD: Lung cancer susceptibility model based on age,
family history and genetic variants. PLoS One 2009, 4:e5302.
doi:10.1371/journal.pone.0005302.

7. Raji OY, Agbaje OF, Duffy SW, Cassidy A, Field JK: Incorporation of a
genetic factor into an epidemiologic model for prediction of individual
risk of lung cancer: The Liverpool Lung Project. Cancer Prev Res 2010,
3:664–669.

8. Peto R, Darby S, Deo H, Silcocks P, Whitley E, Doll R: Smoking, smoking
cessation, and lung cancer in the UK since 1950: combination of
national statistics with two case–control studies. BMJ 2000,
321:323–329.

http://dx.doi.org/10.1371/journal.pone.0005302


Mazzone et al. BMC Cancer 2012, 12:410 Page 7 of 7
http://www.biomedcentral.com/1471-2407/12/410
9. Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur SM, Habel LA,
Pollak M, Regensteiner JG, Yee D: Diabetes and cancer: A consensus
report. CA Cancer J Clin 2010, 60:207–221.

10. Nicolucci A: Epidemiological aspects of neoplasms in diabetes. Acta
Diabetol 2010, 47:87–95.

11. Hatlen P, Gronberg BH, Langhammer A, Carlsen SM, Amundsen T:
Prolonged survival in patients with lung cancer with diabetes mellitus.
J Thorac Oncol 2011, 6:1810–1817.

12. Pollak M: Metformin and other biguanides in oncology: Advancing the
research agenda. Cancer Prev Res 2010, 3:1060–1065.

13. Galli A, Mello T, Ceni E, Surrenti E, Surrenti C: The potential of antidiabetic
thiazolidinediones for anticancer therapy. Expert Opin Investig Drugs 2006,
15:1039–1049.

14. Evans JMM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris AD: Metformin
and reduced risk of cancer in diabetic patients. BMJ 2005,
330:1304–1305.

15. Bowker SL, Veugelers P, Majumdar SR, Johnson JA: Increased cancer-
related mortality for patients with type 2 diabetes who use sulfonylureas
or insulin. Diabetes Care 2006, 29:254–258.

16. Bodmer M, Meier C, Krahenbuhl S, Jick SS, Meier CR: Long-term metformin
use is associated with decreased risk of breast cancer. Diabetes Care 2010,
33:1304–1308.

17. Jiralerspong S, Palla SL, Giordano SH, Meric-Bernstam F, Liedtke C, Barnett
CM, Hsu L, Hung MC, Hortobagyi GN, Gonzalez-Angulo AM: Metformin and
pathologic complete responses to neoadjuvant chemotherapy in
diabetic patients with breast cancer. J Clin Oncol 2009, 27:3297–3302.

18. Memmott RM, Mercado JR, Maier CR, Kawabata S, Fox SD, Dennis PA:
Metformin prevents tobacco carcinogen-induced lung tumorigenesis.
Cancer Prev Res 2010, 3:1066–1076.

19. Govindarajan R, Ratnasinghe L, Simmons DL, Siegel ER, Midathada MV, Kim
L, Kim PJ, Owens RJ, Lang NP: Thiazolidinediones and the risk of lung,
prostate, and colon cancer in patients with diabetes. J Clin Oncol 2007,
25:1476–1481.

20. Hardie DG, Hawley SA, Scott JW: AMP-activated protein
kinase – development of the energy sensor concept. J Physiol 2006,
574:7–15.

21. Zhou J, Huang W, Tao R, Ibaragi S, Lan F, Ido Y, Wu X, Alekseyev YO,
Lenburg ME, Hu GF, Luo Z: Inactivation of AMPK alters gene expression
and promotes growth of prostate cancer cells. Oncogene 2009,
28:1993–2002.

22. Memmott RM, Gills JJ, Hollingshead M, Powers MC, Chen Z, Kemp B,
Kozikowski A, Dennis PA: Phosphatidylinositol ether lipid analogues
induce AMP-activated protein kinase-dependent death in LKB1-mutant
non-small cell lung cancer cells. Cancer Res 2008, 68:580–588.

23. Jin Q, Feng L, Behrens C, Bekele BN, Wistuba II, Hong WK, Lee HY:
Implication of AMP-activated protein kinase and Akt-regulated survivin
in lung cancer chemopreventive activities of deguelin. Cancer Res 2007,
67:11630–11639.

24. Okoshi R, Ozaki T, Yammamoto H, Ando K, Koida N, Ono S, Koda T, Kamijo
T, Nakagawara A, Kizaki H: Activation of AMP-activated protein kinase
induces P53-dependent apoptotic cell death in response to energetic
cell death. J Biol Chem 2008, 283:3979–3987.

25. Buzzai M, Jones RG, Amaravadi RK, Lum JJ, DeBerardinis RJ, Zhao F, Viollet B,
Thompson CB: Systemic treatment with the antidiabetic drug metformin
selectively impairs p53-deficient tumor cell growth. Cancer Res 2007,
67:6745–6752.

26. Jones RG, Plas DR, Kubek S, Buzzai M, Mu J, Xu Y, Birnbaum MJ, Thompson
CB: AMP-activated protein kinase induces a p53-dependent metabolic
checkpoint. Molecular Cell 2005, 18:283–293.

27. Vazquez-Martin A, Oliveras-Ferraros C, Lopez-Bone E, Menendez JA: AMPK.
Evidence for an energy-sensing cytokinetic tumor suppressor. Cell Cycle
2009, 8:3679–3683.

28. Bren-Mattison Y, Van Putten V, Chan D, Winn R, Geraci MW, Nemenoff RA:
Peroxisome proliferator - activated receptor - gamma (PPAR (gamma))
inhibits tumorigenesis by reversing the undifferentiated phenotype of
metastatic non-small cell lung cancer cells (NSCLC). Oncogene 2005,
24(8):1412–1422.
29. Nemenoff RA: Peroxisome proliferator-activated receptor-γ in lung
cancer: Defining specific versus “off-target” effectors. J Thorac Oncol 2007,
2:989–992.

30. Wei S, Yang J, Lee SL, Kulp SK, Chen CS: PPAR-γ-independent
antitumor effects of thiazolidinediones. Cancer Lett 2009,
276:119–124.

doi:10.1186/1471-2407-12-410
Cite this article as: Mazzone et al.: The effect of metformin and
thiazolidinedione use on lung cancer in diabetics. BMC Cancer 2012
12:410.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions
	Keywords

	Background
	Methods
	Study design and data collection
	Statistical analysis

	Results
	Patient population
	Association of Metformin and/or TZD Use with lung cancer
	Lung cancer patient population
	Lung cancer phenotype associations with metformin and/or TZD Use

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors´ contributions
	Author details
	References

