
ABSTRACT

Purpose. Patients with type 2 diabetes have increased cancer
risk and cancer-related mortality, which can be reduced by
metformin treatment. However, it is unclear whether met-
formin can also modulate clinical outcomes in patients with
cancer and concurrent type 2 diabetes.
Patients and Methods. A meta-analysis of 20 publications
that included 13,008 subjects was performed to investigate
the association between metformin and overall survival (OS)
aswell as cancer-specific survival (CSS) in patientswith cancer
and concurrent type 2 diabetes.

Results.Wefoundthat therewasa relative survivalbenefit as-
sociated with metformin treatment compared with treat-
mentwithother glucose-loweringmedications inbothOSand
CSS (hazard ratio [HR] � 0.66; 95% confidence interval [CI]:
0.55–0.79 and HR � 0.62; 95% CI: 0.46–0.84, respectively).
Theseassociationswerealsoobserved in subgroupsbycancer
type and country.
Conclusion. These results suggest that metformin is the drug
of choice in the treatment of patientswith cancer and concur-
rent type 2 diabetes. TheOncologist2013;18:000–000

Implications for Practice: Patients with type 2 diabetes have increased cancer risk and cancer-related mortality, which can be
reducedbymetformin treatment.However, it is unclearwhethermetformincanalsomodulateclinical outcomes inpatientswith
cancer and concurrent type2diabetes.Ourmeta-analysis providedevidence that therewasa relative survival benefit associated
with metformin treatment compared with treatment with other glucose-lowering medications. Our results suggest that met-
formin is the drug of choice in the treatment of patients with cancer and concurrent type 2 diabetes.

INTRODUCTION

Patients with cancer and diabetes mellitus are frequently en-
countered in clinical practice. It is estimated that approxi-
mately 8% to 18% of people with cancer have concurrent
diabetes,probablybecauseof theshared risk factorsbetween
the diseases and their increasing global prevalence [1]. There
is epidemiologic evidence supporting a biologic link between
cancer and type 2 diabetes, and there is a significantly higher
cancer incidence and cancer-related mortality in those with
diabetes. Plausible mechanisms of the increased carcinogen-
esis and neoplastic proliferation in those with diabetes could
bemultifactorial, including theeffect of hyperinsulinemia, hy-
perglycemia, and inflammatory cytokines produced by adi-
pose tissues [2]. It is conceivable that selection of glucose-
controllingagentswithout theabovepathophysiologiceffects
may protect against cancer development.

Metformin is one of themost commonly prescribedmed-
ications for the management of type 2 diabetes mellitus. Al-
though its exact mechanism of action is not fully understood,
metformin treatment inhibits hepatic gluconeogenesis [3, 4],
reduces insulin resistance [5], improves glycemic control, and
decreases inflammatory response [6, 7], thus avoiding thepo-

tential tumor-promotingeffect. Some invitroand invivo stud-
ies further demonstrated that metformin might have direct
antitumor activity by inhibiting cancer cell proliferation and
colony formation [8, 9], inducing cell cycle arrest and apopto-
sis [10, 11] and suppressing xenograft tumor growth inmouse
models [12, 13]. All these characteristics make metformin an
idealdrug for cancerpreventioncomparedwith insulinand in-
sulin secretagogues in type 2 diabetes treatment. Indeed, re-
sults of human observational studies and meta-analyses
suggest that treatment with metformin is associated with re-
duced cancer risk or cancer mortality compared with other
glucose-lowering therapies [14, 15].

Althoughmetformin seems to be a promising cancer pre-
ventivemedication, it is not clearwhether it is also effective in
those with type 2 diabetes and an established cancer diagno-
sis. Since 2009, a growing number of studies have compared
metformin versus non-metformin treatment on survival out-
comesof thosewithdiabetes in various typesofmalignancies,
including breast, colorectal, prostate, lung, hepatic, and ovar-
ian cancer. Because published reports from individual studies
arenot consistent [16, 17],weperformeda systematic review
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and meta-analysis to assess the association between met-
formin usage and survival outcome of patients with concur-
rent diabetes and cancer.

PATIENTS ANDMETHODS

Study Selection
WesearchedMedline and PubMeddatabases for relevant ar-
ticles published as of July 1, 2013, in English-language litera-
ture using the following terms: metformin, diabetes, cancer,
tumor, and survival. References of the retrieved articles were
further screened for earlier original studies. The inclusion cri-
teriawere as follows: solid cancer, cancer and concurrent dia-
betes, cancer histologically or pathologically confirmed, and
overall survival (OS) or cancer-specific survival (CSS) reported
formetformin- andnon-metformin-treatedpatients. The cor-
responding authors were contacted to obtain missing infor-
mation. Abstracts, unpublished reports, and articles not
written in Englishwere excluded.

Data Extraction
We extracted the following information from each published
article: author, year of publication, country of origin, cancer
type, ethnicity, sample size, glucose-lowering medications
given, and follow-up period. We used adjusted Cox propor-
tional hazard ratios (HRs) for the quantitative analysis. If ad-
justed HRs were not available and the corresponding authors
did not respond to our request, the crude HRs were used.
WhenbothadjustedandcrudeHRdatawerenotavailablebut
appropriate summary statistics or Kaplan-Meier curves were
provided, we calculated HRs and 95% confidence intervals
(CIs) as relevant effectmeasures using publishedmethods.

StatisticalMethods
OS and CSS were evaluated by pooled Cox proportional HRs
and95%CIswereevaluatedusingpublishedmethods [18] be-
cause ameta-analysis of summary results is statistically as ef-
ficientasa jointanalysisof individualparticipantdata [19].We
assessed thebetween-studyheterogeneitybyusing theCoch-
ran Q test with a significance level of p � .10. We performed
initial analyses with a fixed-effect model and confirmatory
analyses were done with a random-effect model if there was
significant heterogeneity. We used inverted funnel plots and
the Egger’s test to examine the effect of publication bias. A
“trimand fill”methodwasused tomake adjusted estimations
in the presence of publication bias [20]. All p valueswere two-
sided, and all analyses were performed using the Stata soft-
ware (StataCorp, College Station, TX, USA http://www.stata.
com) and Review Manager (v5.0; Oxford, United Kingdom
http://ims.cochrane.org/revman).

RESULTS

Meta-Analysis Database
Figure1 shows the flowchart of study selection.We identified
210 related publications by initial screening, of which 25 pub-
lications seemed to meet the inclusion criteria. We excluded
three studies [21–23] inwhich no survival informationwas re-
portedor survival informationwasnotobtainable.We further
excluded the study by Lee et al. because it was not written in
English [24] and the studybyKooet al. because itwasnot con-
ducted insolidcanceranddidnotprovidesurvival information
in those with lymphoma and diabetes [25]. The study by Ku-

mar et al. was included for analysis of CSS because it reported
only CSS and not OS [26]. As a result, the final data pool con-
sistedof 20 studies, including 13,008patientswith cancer and
concurrent type 2 diabetes (Table 1). Among the 20 studies,
OS information was available in 19 studies and CSS informa-
tion was available in 9 studies. Among the 13,008 patients,
6,343 patients received metformin alone or in combination
with other glucose-lowering regimens and the remaining
6,665 patients received non-metformin treatment such as in-
sulin, sulfonylurea, thiazolidinedione, alpha-glucosidase in-
hibitor, dipeptidyl peptidase-4 inhibitors, amylin analogs, or
glucagon-like peptide-1 analogs.

Quantitative Analyses

Overall Survival
As summarized in Figure 2, 19 of the 20 selected articles re-
portedOS.Theexceptionwas thestudybyKumaretal. ,which
reported only CSS. Our meta-analysis demonstrated that the
administration ofmetformin to patientswith cancer and type
2 diabetes was associated with significantly reduced risk for
death compared with those who did not receive metformin
(HR� 0.66; 95% CI: 0.55–0.79 by randomeffect; p� .001 for
heterogeneity; I2 � 83%) (Table 2). The study by Currie et al.
included39.1%of the total patient population (5,016/12,844)
[27], which might dominate the analysis, and therefore, we
performed sensitivity analyses by excluding one study at a
time. After exclusion of the study by Currie et al. , the pooled
HR was not significantly changed (HR � 0.65; 95% CI: 0.53–
0.79 by randomeffect; p� .001 for heterogeneity; I2 � 83%).
No single study influenced the pooled HRs qualitatively.

Heterogeneity analysis showed that therewas substantial
between-studyheterogeneity among the19 studies (p� .001
forheterogeneity; I2�83%).Thebetween-studyheterogene-
ity mainly resulted from the three studies by Mazzone et al.
[16], Kaushik et al. [28], and Legaet al. [29], exclusionofwhich
did not change the corresponding pooled HR substantially
(metformin vs. non-metformin: HR�0.60; 95%CI: 0.55–0.66
by fixedeffects;p� .173 forheterogeneity; I2�25%).We fur-
ther performed funnel plot (Fig. 3) and Egger’s test (p� .008),
whichsuggested thepossiblepresenceofpublicationbias.Us-
ing a “trim and fill”method tomake an adjusted estimation of
meta-analysis, we found that metformin was still associated
with reduced death risk in the adjusted analyses (HR � 0.89;
95% CI: 0.86–0.94 by fixed effects, and HR � 0.74; 95% CI:
0.62–0.87 by randomeffects).

In fixed model analysis stratified by cancer type, we
found that metformin was associated with a signifi-
cantly reduced risk for death in those with breast,
prostate, pancreatic, colorectal, and other cancers,
with the exception of lung cancer. In random model
analysis, metformin was associated with a signifi-
cantly reducedrisk fordeath in thosewithpancreatic,
colorectal, and other cancers, and with a nonsignifi-
cantly reduced death risk in those with lung, breast,
and prostate cancer.
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Stratified Analyses
In fixedmodelanalysis stratifiedbycancer type,we foundthat
metforminwas associatedwith a significantly reduced risk for
death in those with breast, prostate, pancreatic, colorectal,
and other cancers, with the exception of lung cancer. In ran-
dommodel analysis, metformin was associatedwith a signifi-
cantly reduced risk for death in those with pancreatic,

colorectal, and other cancers, and with a nonsignificantly re-
duced death risk in those with lung, breast, and prostate can-
cer (Table 2).

We next performed subgroup analyses by country
(Asian or Western countries). In the subgroup of Asian
countries, metformin was still associated with reduced
death risk (HR � 0.49; 95% CI: 0.40 –0.60 by fixed effect;

Figure 1. Study flow chart for the process of selecting the final 20 publications.
Abbreviations: OS, overall survival.

Table 1. Characteristics of the studies included in themeta-analysis

Study Year Ethnicity Country n (met/non-met) Cancer OS CSS Median follow-up

Sadeghi �30� 2012 Mixed USA 302 (117/185) Pancreatic Y N 11.4 months

Garrett �31� 2012 Mixed UK 424 (208/216) Colorectal Y N 70.7 months

Currie �27� 2012 Mixed UK 5016 (2843/2173) Mixed Y N 19.2 months

Romero �32� 2012 Mixed USA 44 (16/28) Ovarian Y N 63 months

He �33� 2012 Mixed USA 154 (88/66) Breast Y Y 47.6a months

Lee �34� 2011 Asian Korea 595 (258/337) Colorectal Y Y 41 months

Bayraktar �35� 2012 Mixed USA 130 (63/67) Breast Y Y 62 months

Tan �17� 2011 Asian China 99 (39/60) NSCLC Y N N/A

He �36� 2011 Mixed USA 233 (132/101) Prostate Y N N/A

Chen �37� 2011 Asian Taiwan 53 (21/32) Liver Y N 32.2a months

Nakai �38� 2012 Asian Japan 124 (8/116) Pancreatic Y N 9.9 months

Mazzone �16� 2012 Mixed USA 522 (184/338) NSCLC/SCLC Y N N/A

Spratt �39� 2012 Mixed USA 319 (157/162) Prostate Y Y 8.7 years

Hou �40� 2013 Asian China 1013 (419/594) Breast Y N 68 months

Kumar �26� 2012 Mixed USA 164 (61/103) Ovarian N Y 11 years

Spillance �41� 2013 White Ireland 315 (207/108) Colorectal Y Y N/A

Cossor �42� 2013 Mixed USA 212 (84/128) Colorectal Y Y 4.1 years

Kaushik �28� 2013 Mixed USA 885 (323/562) Prostate Y Y 5.1 years

Lega �29� 2013 Mixed Canada 2361 (1094/1267) Breast Y Y 4.5 years

Sandulache �43� 2013 Mixed USA 43 (21/22) Larynx Y N N/A
aMedian.
Abbreviations: CSS, cancer-specific survival; met,metformin; non-met, non-metformin; N/A, not available; NSCLC, non-small cell lung cancer; OS,
overall survival; SCLC, small cell lung cancer.
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p �.150 for heterogeneity; I2 � 41%). In the subgroup of
Western countries, the relative survival benefit associated
withmetformin remained (HR� 0.73; 95%CI: 0.61–0.87 by
random effect; p � .001 for heterogeneity; I2 � 79%). No
publication bias was detected in the stratified analyses
(data not shown).

Cancer-Specific Survival A total of nine studies reported
CSS (Table 1). Our meta-analysis showed that metformin ad-
ministrationwassignificantlyassociatedwithreducedcancer-
related mortality compared with not receiving metformin
(HR� 0.62; 95%CI: 0.46–0.84 by randomeffect; p� .001 for
heterogeneity; I2�79%). Similar resultswerealsoobtained in
stratified analysis by cancer type (Table 3). Stratified analysis
by ethnicity were not performed because there were insuffi-
cient data from Asian countries. No publication bias was de-
tected in either the overall study analysis or the stratified
analysis (data not shown).

DISCUSSION
To our knowledge, this is the first and the largest quantitative
analysis toexaminetheassociationbetweenmetformintreat-
ment and clinical outcomes of patients with concurrent can-
cerandtype2diabetes. In thismeta-analysis, including13,008
patients from 20 independently published investigations, we
provided evidence that use ofmetforminwas associatedwith
improved OS and CSS in the treatment of patients with type 2
diabetes and cancer.

Cancer and diabetes are the second and seventh leading
causes of death in the United States. Type 2 diabetes is the
most common form of diabetes mellitus; more than 90% of
thosewithdiabeteshavetype2diabetes.Certain typesofcan-
cer were found to occurmore commonly in those with diabe-
tes, such as liver, pancreatic, breast, colorectal, bladder, and
endometrial cancer. Prostate cancer seemed to be the excep-

Figure 2. Hazard ratios (HRs) of overall survival bymetformin versus non-metformin exposure. For each study, the estimates ofHR and
95%CIwere plottedwith a box and a horizontal line. Closed diamond indicates pooled HR and 95%CI.

Abbreviations: CI, confidence interval; df, degrees of freedom.

Table 2. Associations betweenmetformin and overall survival

Variables Sample Size

HR (95%CI)

phetFixed Random

All cancer 12,829 0.88 (0.85–0.92) 0.66 (0.55–0.79) �.001

Cancer site

Lung 606 1.00 (0.81–1.24) 0.77 (0.28–2.15) �.001

Breast 3,658 0.94 (0.90–0.99) 0.64 (0.37–1.12) �.001

Prostate 1,437 0.68 (0.51–0.90) 0.66 (0.36–1.21) .012

Pancreatic 426 0.65 (0.49–0.86) 0.65 (0.49–0.86) .813

Colorectal 1,546 0.65 (0.56–0.77) 0.65 (0.56–0.77) .662

Other 140 0.34 (0.18–0.63) 0.34 (0.18–0.63) .767

Country

Asian 1,884 0.49 (0.40–0.60) 0.49 (0.37–0.65) .151

Western 10,945 0.91 (0.87–0.95) 0.73 (0.61–0.87) �.001

Abbreviations: CI, confidence interval; HR, hazard ratio; phet: p value of theQ test for heterogeneity.
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tion, occurring less often in individuals with type 2 diabetes
[44]. Thebiologic link between cancer risk and type2diabetes
seemed to be influenced by different types of glucose-lower-
ing agents. For example, insulin and insulin secretagogues
such as sulfonylurea can theoretically stimulate tumor devel-
opment by activating insulin and insulin-like growth factor-1
receptor through hyperinsulinemia. Insulin-sensitizing perox-
isomeproliferator-activated receptor agonists such as thiazo-
lidinediones do not increase insulin secretion directly, but
were found to potentiate tumorigenesis in rodent studies
[45]. In contrast, metformin does not carry any inherent tu-
mor-promoting characteristics and showed antitumor activi-
ties in a substantial numberof studiesboth in vitroand in vivo.
These studies suggested that metformin has multiple tumor-
suppressing mechanisms, including potentiating other anti-
neoplastic agents by downregulation of p38 mitogen-
activated protein kinase signaling [46, 47], inhibition of
protein synthesis by 5� adenosine monophosphate-activated
protein kinase (AMPK)-dependent and AMPK-independent
pathways [3, 48–50], and alteration of energymetabolism by
modulating mircoRNA through Dicer and c-myc [51]. Consis-
tentwith these findings, human observational studies and re-
lated meta-analyses confirmed that metformin reduced
cancer incidence and cancer-related mortality in those with
type 2 diabetes compared with sulfonylureas and exogenous
insulin [15, 52]. However, a cancer-preventive advantage as-
sociated with metformin does not necessarily imply effective
therapeutic efficacy in those with diabetes and established
cancer. It is unclear whether the use of metformin could also

translate intobetterclinicaloutcomesforpatientswithcancer
who also receive standard cancer therapy.

Since 2009, a series of retrospective investigations has re-
ported thatmetforminmightmodulate the clinical outcomes
ofpatientswithcancer. Jiralerspongetal. reportedathreefold
greaterpathologic complete response rate inpatientswithdi-
abetes and breast cancer who received metformin during
neoadjuvantchemotherapycomparedwiththosewhodidnot
receive metformin (odds ratio: 2.95; 95% CI, 1.07–8.17) [23].
Several other studies compared survival outcomes between
metformin and non-metformin treatment in patients with
cancer regardlessofdiabetes status, showingabetter survival
in the groupwho receivedmetformin [34].More recently, Ku-
mar et al. reported thatmetforminwas associatedwith signif-
icantly increased CSS in a cohort of 215 patients with ovarian
cancer who did and did not have diabetes and in a cohort of
164 patients with epithelial ovarian cancer and concurrent
type2diabetes (5-yearCSS: 67% [metformin] vs. 43% [insulin]

A cancer-preventive advantage associatedwithmet-
formindoesnotnecessarily implyeffective therapeu-
tic efficacy in those with diabetes and established
cancer. It is unclear whether the use of metformin
could also translate into better clinical outcomes for
patients with cancer who also receive standard can-
cer therapy.

Figure 3. Funnel plot analysis to detect publicationbias. Each circle represents an individual study for the indicated association. Hollow
circles indicate original observation studies; solid circles indicatemissing studies by trim and fill method.

Abbreviation: s.e., standard error.

Table 3. Associations betweenmetformin and cancer-specific survival

Variables n

HR (95%CI)

phetFixed Random

All cancer 5,135 0.77 (0.70–0.85) 0.62 (0.46–0.84) �.001

Cancer site

Breast 2,645 0.88 (0.79–0.99) 0.76 (0.53–1.08) .122

Colorectal 1,122 0.66 (0.50–0.87) 0.66 (0.50–0.87) .878

Other 1,368 0.40 (0.30–0.53) 0.47 (0.27–0.81) .073

Abbreviations: CI, confidence interval; HR, hazard ratio; phet: p value of theQ test for heterogeneity.
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vs. 34% [other medications]; p � .004) [26]. In the current
study, we included only patients with concurrent cancer and
type 2 diabetes to highlight the impact of different antidia-
beticmedications on cancer prognosis, without involving dia-
betes itself as a confounder.We selected OS and CSS as study
endpoints becauseOS has been the gold standard for demon-
strating clinical benefit of metformin treatment, and CSS can
provide evidence of therapeutic efficacy ofmetformin in can-
cer treatment.

A total of 13,008patientswith cancer and concurrent type
2 diabetes were included in the meta-analysis. Cancer types
included pancreatic, colorectal, ovarian, breast, prostate,
bladder, liver, larynx, and lung cancer. Compared with non-
metformin treatment,metformin treatment carries a relative
OS benefit in patients with concurrent cancer and type 2 dia-
betes, with a 34% reduction of death risk in the metformin-
treated group (HR � 0.66; 95% CI: 0.55–0.79). In stratified
analyses by cancer type,metforminwas associatedwith a sig-
nificantly reduced death risk for those with pancreatic, colo-
rectal, and other cancers, and a nonsignificantly reduced
death risk for those with lung, breast, and prostate cancer. In
stratified analyses by country (Asian or Western countries),
thesurvivalbenefit remained.Similar resultswereobtained in
CSSanalyses. It ispossible that theobservedsurvivalbenefit in
overall cancer is the result of differences in the typesof cancer
between groups, such as a higher proportion of pancreatic
cancer (a poor prognosis tumor) in the non-metformin group
versus metformin group. Although we cannot determine the
exact proportion of patients with pancreatic cancer between
groupsbecauseof a lackof related information in the studyby
Currie et al. [27], suchapossibilitywasnot supportedbecause
the survival benefit associated with metformin remained in
pancreatic cancer in subgroup analysis, and including or ex-
cluding pancreatic cancer did not significantly change our
analysis results in overall cancer. Wewere unable to perform
stratified analyses by ethnicity (Asian or white) because re-
lated data were unavailable. However, stratified analysis by
country could be used as a rough estimation of stratification
byethnicitybecause themajorityofpatientpopulations in the
studies of Western countries were white, whereas the other
studies included patients of pure East Asian ethnicity (China,
Taiwan, Japan, and Korea).

It is important to note that the study byMazzone et al. is
the only study showing a significantly increased risk for
death associated with metformin treatment [16], whereas
most of the studies in our data pool, including the other
study performed in lung cancer by Tan et al. [17], favor a
protective effect of metformin. Several possibilities might
explain the discrepancy. First, some other confounding fac-
tors (e.g., comorbidities, tumor histology) might exist and
bias the analysis results in the study byMazzone et al. As an
example, there were more patients with metastatic cancer
in the metformin-treated group compared with the non-
metformin-treated group. In addition, the study by Tan et
al. included only patientswith advanced non-small cell lung
cancer who received chemotherapy, whereas the study by
Mazzone et al. included patients with both small cell and
non-small cell lung cancer irrespective of tumor stage and
treatment received. It is possible that the effect of met-
formin could be tumor specific, and there might be un-

known interactions between metformin and lung cancer
treatment that influenced clinical outcomes of these pa-
tients. Therefore, the associated death risks in the two
studies could both be true findings. Further investigations
are required to address this issue.

Despite our efforts to provide an accurate and compre-
hensive analysis, limitations of our meta-analysis need to
be addressed. First, some data were excluded from our
analysis, which could cause some bias in our estimates, but
was unlikely to change our major conclusions because
nearly all of the excluded studies favored a better clinical
outcome associated with metformin treatment [22–24],
whichwas consistentwith our findings. Second,most of the
included studies were retrospective and differed signifi-
cantly in study design, and additionally, our analysis largely
used adjusted estimates, which were not adjusted by the
same potential confounders in the published studies. We
also used unadjusted estimates for the studies by Tan et al.
and Hou et al. [17, 40] because the authors did not respond
to our data request. All of these factors may have caused
wide and significant heterogeneity among studies. How-
ever, when only unadjusted estimates were used, the con-
clusions were not significantly changed (data not shown).
Third, both the tumor-suppressing activities of metformin
and the tumor-promoting effect of other diabetic medica-
tionsmay contribute to the relative survival benefit ofmet-
formin observed in the current study. However, we were
unable to determine the absolute survival benefit because
related data were lacking. Fourth, dividing patients based
on metformin exposure versus non-exposure may be too
simple.Most patientswith diabetes are treatedwith one or
more glucose-lowering medications, with changes in phar-
macotherapy over time. It is extremely difficult to deter-
mine the minimum level of exposure (time and dosage)
required to observe the survival benefit with metformin. A
possiblemethodwould be to explore the dose-response re-
lationship in metformin users; however, few studies pro-
vided this information. Finally, there seemed to be
significant publication bias in the literature, as suggested
by the funnel plot and Egger’s test. However, this may be
the small-study effect rather than true publication bias, es-
pecially in the presence of significant between-study heter-
ogeneity [53]. We did attempt to adjust our quantitative
analyses by including the missing studies. The trim and fill
method is a statistical method used in meta-analysis that
can underestimate the true positive effect when there is no
publication bias, or can give less biased estimates when
publication bias is present [54]. Using this conservative
method,we found that the association betweenmetformin
and increased survival still remained.

CONCLUSION
Overall, our meta-analysis demonstrated that metformin
couldbethedrugof choice inpatientswithcancerandconcur-
rent type 2 diabetes if there are no contraindications because
it was associated with increased OS and CSS compared with
other diabetic medications. Future prospective studies with
larger sample sizes and alternate study design are required to
confirm our findings.
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