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Abstract

Purpose
Many studies have shown correlation between metformin use and lower incidence and improved
outcomes of lung cancer. We investigated the potential association between metformin use and survival
among Finnish non-small cell lung cancer (NSCLC) patients treated with EGFR TKIs.

Methods
Nationwide registries were utilized to identify all the patients with use of EGFR TKIs in NSCLC between
2011–2016, and 1242 patients were included in further analyses. Data related to cancer, survival, and
drug purchases were combined with personal identity codes. Concurrent use of diabetes medications was
de�ned as their purchase +/-120 days from the �rst purchase of EGFR TKI. The impact of diabetes
medication use was investigated separately in the whole and in the EGFR mutant type cohort (n = 481).

Results
Concurrent metformin use was found in 10 % (n = 124) and use of other diabetes medication in 5 % (n = 
60) of the patients. In the whole patient cohort, metformin use did not associate with survival but in the
EGFR mutant type cohort a non-signi�cant trend for higher mortality was found (HR 1.42, 95% CI 0.99–
2.02). Metformin use associated also with a shorter EGFR TKI treatment duration (HR 1.26, 95 % CI 1.04–
1.52). The use of other diabetes medication than metformin did not associate with survival or EGFR TKI
treatment duration.

Conclusion
Concomitant metformin use associated with a shorter EGFR TKI treatment duration, however, no
statistically signi�cant correlation with survival was found. Ethnicity, comorbidities, and metformin
dosage may in�uence on the associations found between metformin use and EGFR TKI treatment
responses.

Introduction
Epidermal growth factor receptor (EGFR) targeting with tyrosine kinase inhibitors (TKI) was initially
studied in non-small cell lung cancer (NSCLC) without molecular selection (Shepherd et al. 2005;
Thatcher et al. 2005). The identi�cation of EGFR mutated NSCLC shifted the use of EGFR TKIs
predominantly to EGFR mutated subtype in which they provide superior e�cacy and quality of life
compared to platinum doublet chemotherapy (Paez et al. 2004; Lynch et al. 2004; Greenhalgh et al.
2016). The most common side effects of EGFR TKIs include acneiform rash and diarrhea but in general
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EGFR TKIs are well tolerated and treatment discontinuations due to toxicity are rare (Ding et al. 2017). A
mutation-speci�c EGFR TKI, osimertinib, has quite recently introduced further improvements in
progression free survival (PFS) compared to both �rst-generation EGFR TKIs and chemotherapy, with a
favorable side effect pro�le (Mok et al. 2017; Soria et al. 2018). Even though most of the patients with
EGFR mutated NSCLC respond to EGFR TKIs, eventually an acquired resistance develops, and, in addition,
a small proportion of cases are primary resistant (Rotow and Bivona 2017).

Metformin is commonly used in the treatment of type 2 diabetes (T2D). Insulin resistance,
hyperinsulinemia and hyperglycemia are characteristic metabolic dysfunctions in T2D, and they have
also been linked to cancer progression (Shlomai et al. 2016). Metformin increases insulin sensitivity and
decreases glucose and insulin levels in the blood (Shlomai et al. 2016), and may enhance immunological
response against cancer (Levy and Doyen 2018). Metformin also modulates signaling pathways
including the activation of adenosine monophosphate activated protein kinase (AMPK) pathway and
inhibition of insulin-like growth factor-1 receptor (IGF-1R) pathway, resulting in reduced tumor cell
proliferation and increased apoptosis (Levy and Doyen 2018; Deng et al. 2019). These signaling
pathways are also involved in EGFR TKI resistance mechanisms which provides a rationale for
combining metformin with EGFR TKIs in NSCLC (Deng et al. 2019).

Interestingly, epidemiological studies have shown a lower incidence of several cancers, including lung
cancer, among T2D patients treated with metformin (Zhang, Z. et al. 2014; Tsai et al. 2014). Furthermore,
the survival of lung cancer patients with T2D seems to be improved if they receive metformin (Lin et al.
2015; Tian et al. 2016). There are retrospective studies showing improved outcomes among NSCLC
patients with EGFR TKI and metformin compared to patients without metformin (Chen et al. 2015; Hung
et al. 2019; Han et al. 2021) but also contradicting results do exist (Su et al. 2020). In addition, two recent
phase II randomized studies have investigated the role of metformin together with EGFR TKIs in
advanced EGFR mutant NSCLC among non-diabetic patients (Arrieta et al. 2019; Li et al. 2019). In the
study by Arrieta et al, 139 EGFR mutant NSCLC patients were randomized to receive EGFR TKI (erlotinib,
ge�tinib or afatinib) alone or in combination with metformin. Among the patients with metformin, both
PFS and overall survival (OS) were improved (Arrieta et al. 2019). On the contrary, in another prospective
study with 224 patients, addition of metformin to �rst line treatment with ge�tinib did not improve
outcome of non-diabetic EGFR mutant NSCLC patients (Li et al. 2019).

Epidemiological and preclinical studies have suggested anti-tumoral effects of metformin in lung cancer,
proposing that adding metformin to lung cancer treatment might be bene�cial. Retrospective studies
performed in East Asian patients support the idea of metformin’s clinical bene�t in EGFR mutant NSCLC,
but the two randomized studies addressing this question have provided con�icting results (Arrieta et al.
2019; Li et al. 2019). In this study, we investigated the potential association between metformin use and
survival in a Finnish register data of 1242 NSCLC patients treated with EGFR TKIs in Finland between
years 2011–2016.

Material And Methods
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Collection of patient material

Collection of the primary patient material has been described in detail previously (Alanen et al. 2020;
Alanen et al. 2021). Brie�y, all the patients with special reimbursement for EGFR TKIs (erlotinib, ge�tinib
or afatinib) between 2011–2016 were identi�ed from the Special Reimbursement Register of Social
Insurance Institution (SII) of Finland (n = 1541). In Finland, reimbursement for erlotinib in advanced
NSCLC is based on the presence of activating EGFR mutation in the tumor or progression during prior
chemotherapy and both are registered under the same code and cannot be separated. On the contrary,
reimbursements for ge�tinib and afatinib are entitled only in advanced NSCLC with activating EGFR
mutations. The information on the drug purchases for EGFR TKIs, metformin, and other diabetes
medications (purchase dates and the number and strength of purchased units) was collected from the
Prescription database of SII, cancer related data from the Finnish Cancer Registry, and data on dates of
death from Statistics Finland. The data were combined using personal identity codes and
pseudonymized before analyses. The patients with at least one EGFR TKI purchase in the Prescription
database and data available at the Finnish Cancer Registry were included in the study (n = 1271). The
patients with afatinib as their 1st EGFR TKI were excluded from the study due to a small sample size (n = 
29) resulting in a �nal cohort of 1242 patients, 1072 with erlotinib and 170 with ge�tinib. The follow-up
for drug purchases and deaths ended on December 31st, 2017. Collection of the data was performed
according to the national legislation, the ethical standards of the Ethical Board of Oulu University
Hospital (study no.43/2017) and under a permit from the Social Insurance Institution of Finland (study
no.48/522/2017), the Finnish Institute of Health and Welfare (study no. THL/1391/5.05.00/2017), and
Statistics Finland (study no.TK-53-1277-17). Informed consent was not required as this is a retrospective
register-based study.

Study cohorts and endpoints

Concurrent use of metformin or other diabetes medication was de�ned as a purchase of diabetes
medication within 120 days before or after the �rst purchase of EGFR TKI. A 120-day time period was
selected since the number of reimbursed drugs is limited to a three-month supply per purchase and this
would re�ect the concurrent use of the medication. As metformin may have different effects in EGFR
mutant and EGFR wild-type (wt) lung cancers, we created an EGFR mutant type cohort which included all
the patients with ge�tinib (based on the reimbursement criteria requiring EGFR mutant NSCLC) and
patients with > 180 days of erlotinib use as patients with EGFR mutant NSCLC more often obtain long-
lasting responses than patients with EGFR wt lung cancer. The impact of the concurrent metformin and
other diabetes medication use was investigated separately in the whole patient cohort (n = 1242) and in
the EGFR mutant type cohort (n = 481).

The purchases for medication were collected from 1st January 2010 until 31st December 2017. OS was
calculated from the date of �rst EGFR TKI purchase to death or end of the follow-up (December 31st,
2017), and death of any cause was counted as an event. The length of EGFR TKI treatment was
calculated from the �rst EGFR TKI purchase to the last and the number of days according to number of
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tablets in the last purchase were added to the treatment length. Treatment was considered continuous
based on dates of purchases and the number of tablets allowing a maximum of 10 days gap between the
purchases. Discontinuation of treatment before the end of the follow-up was counted as an event. EGFR
TKI dose reduction was de�ned as EGFR TKI purchase of lower dose compared to the �rst prescribed
dose within 200 days from the beginning of the treatment. EGFR TKI treatment break was de�ned as a
break of more than 30 days within the �rst 200 days of treatment and calculated from the EGFR TKI
purchase dates and number of tablets.

Statistical analyses

Statistical analyses were performed with IBM SPSS Statistics v. 25.0.0 (IBM Corporation, Armonk, NY,
USA). Chi-square test was used for analyzing the differences between the groups. Kaplan-Meier method
using log-rank test was utilized for survival and EGFR TKI treatment length analyses and for plotting the
curves. Univariate and multivariate (tumor histology; concomitant metformin with EGFR
TKI/erlotinib/ge�tinib; other diabetes medication with EGFR TKI) analyses were performed with the Cox’s
model. The results are presented with 95% con�dence level. P-values < 0.05 were regarded as statistically
signi�cant.

Results
Patient characteristics

Of the 1242 patients, 54% (n = 670) were male and 46% (n = 572) were female, 65% (n = 812) had
adenocarcinoma while the rest had other histology or de�ned as unknown (n = 430). The �rst purchased
EGFR TKI was erlotinib in 86% (n = 1072) and ge�tinib in 14% (n = 170) of the patients. Concurrent
metformin use (-120 to + 120 days from the �rst EGFR TKI purchase) was found in 10% (n = 124) and the
use of other diabetes medication without metformin in 5 % (n = 60) of the patients. The median follow-up
time was 288 days (range 0-2606) and 1073 (86%) patients had died by the end of the follow-up. (Table
1)
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Table 1
Demographics of the cases

  Whole patient cohort

n = 1242

EGFR mutant type cohort

n = 481

Age, years

Median (range)

67 (23–92) 68 (23–90)

Sex    

Male 670 (54%) 216 (45%)

Female 572 (46%) 265 (55%)

Histology    

Adenocarcinoma 812 (65%) 367 (76%)

Other NSCLC 430 (35%) 114 (24%)

Stage    

Local 94 (8%) 76 (16%)

Advanced 888 (71%) 287 (60%)

Unknown 260 (21%) 118 (24%)

EGFR TKI    

Erlotinib 1072 (86%) 311 (65%)

Ge�tinib 170 (14%) 170 (35%)

Diabetes medication    

No

Metformin

Other than metformin

1058 (85%)

124 (10%)

60 (5%)

419 (87%)

41 (9%)

21 (4%)

Death    

No 148 (12%) 112 (23%)

Yes 1073 (86%) 360 (75%)

Unknown 21 (2%) 9 (2%)

EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; TKI, tyrosine kinase
inhibitor



Page 7/19

Erlotinib use for > 180 days was found in 25% (n = 311) of the patients. The EGFR mutant type cohort (n = 
481) was formed from all the patients with ge�tinib (n = 170) and the patients with erlotinib with a use of
the TKI for > 180 days. Of these patients, 45% (n = 216) were male and 76% (n = 367) had
adenocarcinoma. Concurrent metformin use was found in 9% (n = 41) and other diabetes medication
without metformin in 4% (n = 21) of the patients. The median follow-up time was 568 days (range 1-
2606) and 360 (75%) patients had died by the end of the follow-up. (Table 1)

Concurrent metformin use and survival

In the whole patient cohort (n = 1242), the concurrent metformin use with EGFR TKI did not signi�cantly
correlate with the survival of the patients (Fig. 1A, Table 2). With the ge�tinib users (n = 170), there was a
non-signi�cant trend for inferior survival among those with concurrent metformin use whereas no
difference was found among the patients with erlotinib (n = 1072) (Table 2). The survival of the patients
with other diabetes medication than metformin was similar compared to patients without diabetes
medication (Fig. 1A, Table 2). In the EGFR mutant type cohort (n = 481), the use of metformin associated
with a narrowly non-signi�cant trend for inferior survival (Fig. 1A, Table 2). The use of other diabetes
medication than metformin did not correlate with survival (Fig. 1A, Table 2).
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Table 2
Univariate analyses for overall survival according to metformin use in the whole patient cohort (a) and

EGFR mutant type cohort (b)
a. Whole patient cohort HR 95% CI

Concomitant metformin

with EGFR TKI

   

Yes vs. no 1.14 0.93–1.39

Concomitant metformin with erlotinib    

Yes vs. no 1.09 0.88–1.34

Concomitant metformin

with ge�tinib

   

Yes vs. no 1.64 0.90-3.00

Other diabetes medication

with EGFR TKI

   

Yes vs. no 0.98 0.74–1.29

b. EGFR mutant type cohort HR 95% CI

Concomitant metformin

with EGFR TKI

   

Yes vs. no 1.42 0.99–2.02

Other diabetes medication

with EGFR TKI

   

Yes vs. no 1.07 0.66–1.75

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; HR, hazard ratio; CI, con�dence
interval; vs, versus

Metformin use and EGFR TKI treatment length, dose reductions and treatment breaks

The median length of EGFR TKI treatment was 99 days (range 30-1911) for the whole patient cohort, and
92 days (30-1911) for erlotinib and 261 days (30-1771) for ge�tinib. The concurrent metformin use was
associated with a shorter EGFR TKI treatment period in the whole patient cohort (HR 1.26, 95% CI 1.04–
1.52) (Fig. 1B, Table 3) with a median treatment length of 92 days (30–679) vs. 101 days (30-1911)
among patients with and without metformin, respectively (p = 0.02). The use of metformin associated
signi�cantly also with a shorter ge�tinib treatment duration (HR 1.89, 95% CI 1.08–3.32) and there was a
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non-signi�cant trend for inferior EGFR TKI treatment duration among the erlotinib users (Table 3).
Concurrent metformin use remained as a signi�cant risk factor for shorter EGFR TKI treatment duration
(HR 1.23, 95% CI 1.02–1.49) in the Cox multivariate analysis including also tumor histology (Table 3). In
the EGFR mutant type cohort, the median length of EGFR TKI treatment was 336 days (range 30-1911).
EGFR TKI treatment duration was shorter among patients with metformin compared to the others (HR
1.59, 95% CI 1.12–2.26) (Fig. 1B, Table 3) with median treatment durations of 269 days (30–679) and
348 days (30-1911), respectively (p = 0.009). The use of other diabetes medication than metformin did
not associate with EGFR TKI treatment durations in the whole patient cohort or in the EGFR mutant type
cohort (Fig. 1B, Table 3).
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Table 3
Univariate and multivariate analyses for the EGFR TKI treatment duration according to metformin use in

the whole patient cohort (a) and EGFR mutant type cohort (b)

  Univariate Multivariate

a. Whole patient cohort HR 95% CI HR 95% CI

Adenocarcinoma        

Yes vs. no 0.74 0.65–0.83    

Concomitant metformin

with EGFR TKI

       

Yes vs. no 1.26 1.04–1.52 1.23 1.02–1.49

Concomitant metformin with erlotinib        

Yes vs. no 1.20 0.97–1.47    

Concomitant metformin

with ge�tinib

       

Yes vs. no 1.89 1.08–3.32 1.87 1.02–3.40

Other diabetes medication

with EGFR TKI

       

Yes vs. no 0.97 0.74–1.27    

b. EGFR mutant type cohort HR 95% CI    

Concomitant metformin

with EGFR TKI

       

Yes vs. no 1.59 1.12–2.26    

Other diabetes medication

with EGFR TKI

       

Yes vs. no 0.85 0.52–1.37    

EGFR,epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; HR, hazard ratio; CI, con�dence
interval; vs, versus; Factors in multivariate analysis: tumor histology; concomitant metformin with
EGFR TKI/erlotinib/ge�tinib; other diabetes medication with EGFR TKI

EGFR TKI dose reductions occurred in only 2.2 % (n = 27) and EGFR TKI treatment breaks of more than 30
days in 13.8 % (n = 172) of all the patients. Among patients with concurrent metformin use, EGFR TKI
dose reductions were found in 4 % (5/124) compared to 2 % (22/1118) of the patients without metformin
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(ns). EGFR TKI treatment breaks occurred in 10.5 % (13/124) and 14.2 % (159/1118) of the patients with
and without concurrent metformin, respectively (ns). Similarly, in the EGFR mutant type cohort, there were
no signi�cant differences in EGFR TKI dose reductions or treatment breaks according to metformin use.
(Table 4)

Table 4
EGFR TKI dose reductions and treatment breaks according to metformin use in the whole

patient cohort (a) and EGFR mutant type cohort (b)
a. Whole patient cohort EGFR TKI

only

n = 1118

EGFR TKI

and metformin

n = 124

P value

EGFR TKI dose reduction

No 1096 (98%) 119 (96%)  

Yes 22 (2%) 5 (4%) NS

EGFR TKI treatment break

No 959 (86%) 111 (89.5%)  

Yes 159 (14%) 13 (10.5%) NS

b. EGFR mutant type cohort EGFR TKI

only

n = 440

EGFR TKI

and metformin

n = 41

P value

EGFR TKI dose reduction

No 429 (98%) 40 (98%)  

Yes 11 (2%) 1 (2%) NS

EGFR TKI treatment break

No 326 (74%) 34 (83%)  

Yes 114 (26%) 7 (17%) NS

EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; NS, non-signi�cant

Discussion
To our knowledge, this is the �rst study investigating the role of metformin in Nordic lung cancer patient
population treated with EGFR TKIs. Concurrent metformin use with EGFR TKIs showed a non-signi�cant
trend for inferior survival in the EGFR mutant type cohort. In addition, metformin use associated
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signi�cantly with a shorter EGFR TKI treatment duration. The use of other diabetes medication than
metformin did not associate with survival of the patients or EGFR TKI treatment duration.

Preclinical studies have suggested that many of the anti-tumoral effects of metformin may require high
doses but especially in combination with other cancer treatments metformin could provide e�cacy and
tolerability in conventional doses (Pollak 2014; Levy and Doyen 2018). Diarrhea is a common side effect
of both metformin and EGFR TKIs, and it is possible that especially high doses of metformin may
increase the side effects leading to dose reductions or interruptions of EGFR TKI treatment and
subsequently impairing the e�cacy of the treatment. In our study, metformin use associated with a
shorter EGFR TKI treatment duration which likely re�ects shorter PFS but may also indicate higher
incidence of side effects leading to treatment discontinuation. Nevertheless, no signi�cant correlations
between metformin use and EGFR TKI dose reductions or treatment breaks were found but it should be
noted that the number of patients in these subgroup analyses were small. In the randomized study
showing survival bene�t with combination of metformin and EGFR TKI (Arrieta et al. 2019), the daily dose
of metformin was 1000 mg, and the combination did not result in increased toxicity. On the contrary, in
the trial showing no survival bene�t (Li et al. 2019), metformin dose was gradually increased up to 2000
mg daily and both diarrhea and grade 3–4 side effects occurred more commonly in the metformin group.
Also, early safety results of METAL trial investigating the combination of metformin and erlotinib in the
second line treatment of EGFR wt NSCLC, showed grade 3 gastrointestinal toxicity in 2/3 patients treated
with 2000 mg metformin per day, whereas daily dose 1500 mg of metformin combined with erlotinib was
quite well tolerated (Morgillo et al. 2017). In the present study, information of metformin dose was
unavailable but based on the previous data, metformin dose may be important in the treatment
combination with EGFR TKIs.

The effects of metformin in NSCLC may also be in�uenced by ethnicity of the patients. In a recent meta-
analysis (Xiao et al. 2020), lung cancer incidence was reduced in T2D patients treated with metformin
compared to those without only in studies including Asian patients, but not among European patients.
Also, survival of lung cancer patients with T2D and metformin medication was better compared to those
without metformin, and even though this association was found in both Asian and non-Asian
populations, the possible protective effect of metformin seemed to be greater among the Asian patients
(HR 0.57 and HR 0.79, respectively) (Xiao et al. 2020). The previous retrospective studies showing
improved survival among NSCLC patients with metformin and EGFR TKIs are East Asian and most of
these studies included only patients with EGFR mutant NSCLC (Chen et al. 2015; Han et al. 2021). On the
contrary, in the present study with Nordic patients, metformin use did not statistically signi�cantly
correlate with OS and there was even a trend for shorter survival with metformin. In our study, EGFR
mutation status was not known but we created an EGFR mutant type cohort based on the reimbursement
criteria and erlotinib treatment duration and found that the results were similar in the whole patient cohort
and in the EGFR mutant type cohort. It is well known that the incidence of activating EGFR mutations in
NSCLC is much higher in East Asian patient population than in Caucasian (Zhang, Y. L. et al. 2016). In
addition, the effects of metformin may vary between different ethnicities due to variation in genes
involved in metformin’s mechanisms of action (Zhou et al. 2015). For example, LKB1/STK11 gene, which
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is important in the activation of AMPK pathway and for the functions of metformin, is mutated more
frequently in NSCLC among Caucasian than Asian patients (Koivunen et al. 2008). LKB1 de�ciency may
alter the anti-tumoral functions of metformin although preclinical studies suggest also mechanisms
independent of LKB1 (Choi and Park 2013; Fatehi Hassanabad and MacQueen 2021). In a post hoc
analysis by Arrieta et al, combining metformin with EGFR TKIs seemed to improve OS only among
patients expressing LKB1 (Arrieta et al. 2019).

Other factors that could explain the varying results in different populations include comorbidities and
smoking status of the patients. Smoking increases the risk for developing both T2D and its
complications (Zhu et al. 2017), and NSCLC with smoking associates with worse survival (Tammemagi et
al. 2004). Comorbidities associated with T2D include cardiovascular diseases and diabetic nephropathy
and neuropathy (Zheng et al. 2018). Comorbidities in�uence on all-cause mortality and therefore lung
cancer speci�c survival endpoints might provide different results than OS. Comorbidities may also impair
administration of subsequent cancer treatments, in EGFR mutant NSCLC especially platinum-based
chemotherapy due to its nephrotoxicity and neurotoxicity. Nevertheless, in the present study, among
patients with other diabetes medication than metformin, survival and duration of EGFR TKI treatment
were similar compared to those without any diabetes medications. It is possible that T2D medication
used re�ects some characteristics of the patient populations, e.g., it has been suggested that metabolic
dysfunction may be more di�cult among T2D patients whose medication includes metformin whereas
metformin monotherapy may associate with a better general health status (Fatehi Hassanabad and
MacQueen 2021). It is also important to notice that the metabolic state is different among T2D patients
and patients without T2D, and also the effects of metformin in cancer treatment may be different in these
patient populations.

The strengths of our study include a large nationwide patient material which was collected using reliable
nationwide registries and combining the data with personal identity codes. The study has also some
limitations. Several possible confounding factors for which the data was unavailable, e.g., comorbidities,
smoking status, and metformin doses used, may have in�uenced on the associations found in this study.
In addition, we had no information on possible hospital treatment periods of the patients and medication
received during hospitalization. Also, even though the patient material is quite large, the number of
patients in some of the subgroup analyses remained rather small. Furthermore, the results cannot be
extrapolated to non-diabetic patients as the effects of metformin may be different in patients without
diabetes.

To conclude, in this material of Finnish NSCLC patients treated with EGFR TKIs, metformin use
associated with a shorter EGFR TKI treatment duration and also a non-signi�cant trend for inferior
survival was found. Differences in the patient materials, e.g., ethnicity, differences in mutation pro�les,
comorbidities, smoking status and metformin doses used, may explain the variance in the results of
retrospective studies investigating the role of metformin in EGFR TKI treatment responses.

Declarations



Page 14/19

Funding
This work was supported by the University of Oulu, Oulu University Hospital, and Finnish Cancer Institute.

Con�ict of Interest statement
VA and MA declare no con�ict of interest. ST reports personal fees or �nancial support for attending
conferences from AstraZeneca, Boehringer-Ingelheim, BMS, MSD, Novartis, P�zer, Roche and Takeda, all
outside the submitted work. SI reports personal fees and other from MSD, grants from Roche, personal
fees from BMS, grants from AstraZeneca, personal fees from Novartis, personal fees from Boehringer-
Ingelheim all outside the submitted work. JPK reports grants and personal fees from Roche, grants and
personal fees from AstraZeneca, grants and personal fees from Boehringer-Ingelheim, personal fees from
Takeda, personal fees from BMS, personal fees from Merck all outside the submitted work.

Availability of data and material
Owing to data protection legislation in Finland, individual-level data on the study subjects cannot be
released.

Code availability
Not applicable.

Author’s contributions
ST, SI, VA, MA, and JPK designed and coordinated the work. MA combined the data from different
registries. MA, ST, SI, and JPK, carried out statistical analysis. All the authors participated in analysis and
interpretation of the data, and drafted, read, and approved the �nal version of the manuscript.

Ethics approval
All data collection was carried out according to national legislation and under a permit from the Ethical
Board of Oulu University Hospital (study no.43/2017), Social Insurance Institution of Finland (study
no.48/522/2017), Finnish Institute of Health and Welfare (study no. THL/1391/5.05.00/2017), and
Statistics Finland (study no.TK-53-1277-17). Pseudonymization was carried out before data analysis.

Consent to participate



Page 15/19

Informed consent was not required due to the register nature of the study.

Consent for publication
All the authors’ have read and approved the �nal version of the manuscript.

References
1. Alanen V, Iivanainen S, Arffman M, Koivunen JP (2021) Purchase of prophylactic topical

corticosteroids is associated with improved survival in NSCLCs treated with EGFR TKI: Real-world
cohort study. Acta Oncol:1–6. https://doi.org/10.1080/0284186X.2021.1937309

2. Alanen V, Iivanainen S, Arffman M, Koivunen JP (2020) Tetracyclines increase the survival of NSCLC
patients treated with EGFR TKIs: A retrospective nationwide registry study. ESMO Open 5:e000864.
https://doi.org/10.1136/esmoopen-2020-000864

3. Arrieta O, Barrón F, Padilla MS, Avilés-Salas A, Ramírez-Tirado LA, Arguelles Jiménez MJ et al (2019)
Effect of metformin plus tyrosine kinase inhibitors compared with tyrosine kinase inhibitors alone in
patients with epidermal growth factor receptor-mutated lung adenocarcinoma: A phase 2
randomized clinical trial. JAMA Oncol 5:e192553. https://doi.org/10.1001/jamaoncol.2019.2553

4. Chen H, Yao W, Chu Q, Han R, Wang Y, Sun J et al (2015) Synergistic effects of metformin in
combination with EGFR-TKI in the treatment of patients with advanced non-small cell lung cancer
and type 2 diabetes. Cancer Lett 369:97–102. https://doi.org/10.1016/j.canlet.2015.08.024

5. Choi YK, Park K (2013) Metabolic roles of AMPK and metformin in cancer cells. Mol Cells 36:279–
287. https://doi.org/10.1007/s10059-013-0169-8

�. Deng J, Peng M, Wang Z, Zhou S, Xiao D, Deng J et al (2019) Novel application of metformin
combined with targeted drugs on anticancer treatment. Cancer Sci 110:23–30.
https://doi.org/10.1111/cas.13849

7. Ding PN, Lord SJ, Gebski V, Links M, Bray V, Gralla RJ et al (2017) Risk of treatment-related toxicities
from EGFR tyrosine kinase inhibitors: A meta-analysis of clinical trials of ge�tinib, erlotinib, and
afatinib in advanced EGFR-mutated non-small cell lung cancer. J Thorac Oncol 12:633–643.
https://doi.org/10.1016/j.jtho.2016.11.2236

�. Fatehi Hassanabad A, MacQueen KT (2021) Molecular mechanisms underlining the role of
metformin as a therapeutic agent in lung cancer. Cell Oncol 44:1–18.
https://doi.org/10.1007/s13402-020-00570-0

9. Greenhalgh J, Dwan K, Boland A, Bates V, Vecchio F, Dundar Y et al (2016) First-line treatment of
advanced epidermal growth factor receptor (EGFR) mutation positive non-squamous non-small cell
lung cancer. Cochrane Database Syst Rev (5):CD010383.
https://doi.org/10.1002/14651858.CD010383.pub2



Page 16/19

10. Han R, Jia Y, Li X, Zhao C, Zhao S, Liu S et al (2021) Concurrent use of metformin enhances the
e�cacy of EGFR-TKIs in patients with advanced EGFR-mutant non-small cell lung cancer-an option
for overcoming EGFR-TKI resistance. Transl Lung Cancer Res 10:1277–1291.
https://doi.org/10.21037/tlcr-20-1153

11. Hung M, Chuang M, Chen Y, Lee C, Yang T, Chen P et al (2019) Metformin prolongs survival in type 2
diabetes lung cancer patients with EGFR-TKIs. Integr Cancer Ther 18:1534735419869491.
https://doi.org/10.1177/1534735419869491

12. Koivunen JP, Kim J, Lee J, Rogers AM, Park JO, Zhao X et al (2008) Mutations in the LKB1 tumour
suppressor are frequently detected in tumours from caucasian but not asian lung cancer patients. Br
J Cancer 99:245–252. https://doi.org/10.1038/sj.bjc.6604469

13. Levy A, Doyen J (2018) Metformin for non-small cell lung cancer patients: Opportunities and pitfalls.
Crit Rev Oncol Hematol 125:41–47. https://doi.org/10.1016/j.critrevonc.2018.03.001

14. Li L, Jiang L, Wang Y, Zhao Y, Zhang X, Wu G et al (2019) Combination of metformin and ge�tinib as
�rst-line therapy for nondiabetic advanced NSCLC patients with EGFR mutations: A randomized,
double-blind phase II trial. Clin Cancer Res 25:6967–6975. https://doi.org/10.1158/1078-0432.CCR-
19-0437

15. Lin JJ, Gallagher EJ, Sigel K, Mhango G, Galsky MD, Smith CB et al (2015) Survival of patients with
stage IV lung cancer with diabetes treated with metformin. Am J Respir Crit Care Med 191:448–454.
https://doi.org/10.1164/rccm.201407-1395OC

1�. Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA, Brannigan BW et al (2004) Activating
mutations in the epidermal growth factor receptor underlying responsiveness of non-small-cell lung
cancer to ge�tinib. N Engl J Med 350:2129–2139. https://doi.org/10.1056/NEJMoa040938

17. Mok TS, Wu Y, Ahn M, Garassino MC, Kim HR, Ramalingam SS et al (2017) Osimertinib or platinum-
pemetrexed in EGFR T790M-positive lung cancer. N Engl J Med 376:629–640.
https://doi.org/10.1056/NEJMoa1612674

1�. Morgillo F, Fasano M, Della Corte CM, Sasso FC, Papaccio F, Viscardi G et al (2017) Results of the
safety run-in part of the METAL (METformin in advanced lung cancer) study: A multicentre, open-
label phase I-II study of metformin with erlotinib in second-line therapy of patients with stage IV non-
small-cell lung cancer. ESMO Open 2:e000132. https://doi.org/10.1136/esmoopen-2016-000132

19. Paez JG, Jänne PA, Lee JC, Tracy S, Greulich H, Gabriel S et al (2004) EGFR mutations in lung cancer:
Correlation with clinical response to ge�tinib therapy. Science 304:1497–1500.
https://doi.org/10.1126/science.1099314

20. Pollak M (2014) Overcoming drug development bottlenecks with repurposing: Repurposing
biguanides to target energy metabolism for cancer treatment. Nat Med 20:591–593.
https://doi.org/10.1038/nm.3596

21. Rotow J, Bivona TG (2017) Understanding and targeting resistance mechanisms in NSCLC. Nat Rev
Cancer 17:637–658. https://doi.org/10.1038/nrc.2017.84



Page 17/19

22. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, Hirsh V, Thongprasert S et al (2005) Erlotinib in
previously treated non-small-cell lung cancer. N Engl J Med 353:123–132.
https://doi.org/10.1056/NEJMoa050753

23. Shlomai G, Neel B, LeRoith D, Gallagher EJ (2016) Type 2 diabetes mellitus and cancer: The role of
pharmacotherapy. J Clin Oncol 34:4261–4269. https://doi.org/10.1200/JCO.2016.67.4044

24. Soria J, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewaskulyong B, Lee KH et al (2018)
Osimertinib in untreated EGFR-mutated advanced non-small-cell lung cancer. N Engl J Med 378:113–
125. https://doi.org/10.1056/NEJMoa1713137

25. Su VY, Yang K, Huang T, Hsu C, Chen Y, Yen J et al (2020) The e�cacy of �rst-line tyrosine kinase
inhibitors combined with co-medications in asian patients with EGFR mutation non-small cell lung
cancer. Sci Rep 10:14965. https://doi.org/10.1038/s41598-020-71583-w

2�. Tammemagi CM, Neslund-Dudas C, Simoff M, Kvale P (2004) Smoking and lung cancer survival: The
role of comorbidity and treatment. Chest 125:27–37. https://doi.org/10.1378/chest.125.1.27

27. Thatcher N, Chang A, Parikh P, Rodrigues Pereira J, Ciuleanu T, von Pawel J et al (2005) Ge�tinib plus
best supportive care in previously treated patients with refractory advanced non-small-cell lung
cancer: Results from a randomised, placebo-controlled, multicentre study (iressa survival evaluation
in lung cancer). Lancet 366:1527–1537. https://doi.org/10.1016/S0140-6736(05)67625-8

2�. Tian R, Zhang Y, Wu Z, Liu X, Yang J, Ji H (2016) Effects of metformin on survival outcomes of lung
cancer patients with type 2 diabetes mellitus: A meta-analysis. Clin Transl Oncol 18:641–649.
https://doi.org/10.1007/s12094-015-1412-x

29. Tsai M, Yang C, Kung Y, Sheu C, Shen Y, Chang P et al (2014) Metformin decreases lung cancer risk in
diabetic patients in a dose-dependent manner. Lung Cancer 86:137–143.
https://doi.org/10.1016/j.lungcan.2014.09.012

30. Xiao K, Liu F, Liu J, Xu J, Wu Q, Li X (2020) The effect of metformin on lung cancer risk and survival
in patients with type 2 diabetes mellitus: A meta-analysis. J Clin Pharm Ther 45:783–792.
https://doi.org/10.1111/jcpt.13167

31. Zhang YL, Yuan JQ, Wang KF, Fu XH, Han XR, Threapleton D et al (2016) The prevalence of EGFR
mutation in patients with non-small cell lung cancer: A systematic review and meta-analysis.
7:78985–78993. https://doi.org/10.18632/oncotarget.12587

32. Zhang Z, Bi Y, Li S, Zhang Q, Zhao G, Guo Y et al (2014) Reduced risk of lung cancer with metformin
therapy in diabetic patients: A systematic review and meta-analysis. Am J Epidemiol 180:11–14.
https://doi.org/10.1093/aje/kwu124

33. Zheng Y, Ley SH, Hu FB (2018) Global aetiology and epidemiology of type 2 diabetes mellitus and its
complications. Nat Rev Endocrinol 14:88–98. https://doi.org/10.1038/nrendo.2017.151

34. Zhou Y, Ye W, Wang Y, Jiang Z, Meng X, Xiao Q et al (2015) Genetic variants of OCT1 in�uence
glycemic response to metformin in han chinese patients with type-2 diabetes mellitus in shanghai.
Int J Clin Exp Pathol 8:9533–9542



Page 18/19

35. Zhu P, Pan X, Sheng L, Chen H, Pan A (2017) Cigarette smoking, diabetes, and diabetes
complications: Call for urgent action. Curr Diab Rep 17:78. https://doi.org/10.1007/s11892-017-
0903-2

Figures

Figure 1



Page 19/19

Kaplan-Meier analysis for overall survival and EGFR TKI treatment duration according to purchase of
diabetes medication. A. Overall survival in the whole patient cohort and EGFR mutant type cohort. B.
EGFR TKI treatment duration in the whole patient cohort and EGFR mutant type cohort. Blue= no diabetes
medication purchases, red= other diabetes medication purchases than metformin, green= metformin
purchases -120 to +120 days from the 1st EGFR TKI purchase. Crosses indicate censored events.


