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Abstract. Metformin, a widely‑prescribed antihyperglycemic 
drug for the treatment of diabetes mellitus type 2 (DM‑II), has 
been demonstrated to be antineoplastic in vivo and in vitro. 
However, various preclinical and epidemiological studies 
investigating the effects of metformin on lung cancer have 
obtained inconclusive results. The aim of the present study 
was to retrospectively investigate the effects of metformin, 
for the treatment of diabetes mellitus type 2 (DM‑II), on the 
onset of lung cancer. In the present study, the pathological 
features of ten consecutive young age lung cancer cases, aged 
between 15 and 45 years old at the time of diagnosis and 
exhibiting existing primary DM, were investigated using the 
Mayo Clinic Lung Cancer Cohort database. Amongst this 
cohort, there were 2 cases of DM type 1 (DM‑I) and 8 cases 
of DM‑II. Of these patients, two exhibiting adenocarcinoma 
and DM‑II had not been administered metformin; however, 
1 patient exhibiting lymphoma and 4 patients with pulmo-
nary neuroendocrine tumors (NETs) had been administered 
metformin at least 12 months prior to lung cancer diagnosis. 
The remaining 3  patients exhibiting NETs and DM‑II 
had been treated with insulin therapy. The present study 
hypothesized that the high proportion of NETs observed in 
the cases of metformin‑treated DM‑II was unlikely to be a 
random event. It was suggested that metformin treatment was 
not effective in the prevention of pulmonary NETs, and that 
metformin may instead induce the occurrence of NETs via as 
yet unknown signaling pathways. The present hypothesis may 
potentially serve as a novel indicator for the requirement to 

monitor young patients with diabetes, who are being treated 
with metformin, for the occurrence of pulmonary NETs.

Introduction

Metformin (1,1‑dimethylbiguanide hydrochloride), a 
widely‑prescribed antihyperglycemic drug and first‑line 
therapy for the treatment of diabetes mellitus type 2 (DM‑II), 
has demonstrated notable antineoplastic effects in vivo and 
in  vitro  (1). A growing body of evidence has suggested 
that metformin may potentially reduce the risk of devel-
oping a number of types of cancer, including breast  (2), 
colorectal  (3), prostate  (4) and lung cancer  (5). However, 
Smiechowski  et  al  (6) investigated 8572  patients with 
DM‑II, including 808 lung cancer cases and 7764 controls, 
and did not identify a significant role of metformin in the 
risk of lung cancer [odds ratio (OR), 0·94; 95% confidence 
interval (CI), 0·76‑1·17]. A recent meta‑analysis incorpo-
rating 11 studies also did not observe a significant association 
between metformin and lung cancer risk (OR, 0.99; 95% 
CI, 0.87‑1.12) (7). A common caveat of the aforementioned 
studies was a lack of consideration of the age and subtypes 
of lung cancer.

Compared with old patients, young age lung cancer (YALC) 
cases had a higher proportion of women and were prone to 
adenocarcinoma development and distant metastases  (8). 
Furthermore, a cohort demonstrated that younger patients had 
a higher proportion of adenocarcinoma, a higher proportion of 
stage I disease and a lower proportion of stage III disease (9). 
The aforementioned results demonstrate the varying clinical 
characteristics of YALC (8,9).

With regard to young age DM, a previous study reported 
that the majority of patients were diagnosed during puberty 
as obese or at risk for obesity (10); this was considered to 
occur as a result of a variety of genetic conditions (for example 
maturity‑onset diabetes) (11). Such findings support the notion 
that young age DM presents with specific characteristics that 
differ from those observed in older cases (10,11).

To the best of our knowledge, there are a limited number of 
available case reports that focus on the high risk of neuroen-
docrine tumors (NETs), including carcinoid tumors and small 
cell lung cancers (SCLC), in YALC and DM treated with oral 
metformin (6,12). In the present study, patients with YALC 
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and DM were investigated. When compared with patients with 
typical lung cancer (in the sixth to eighth decade of life), it 
was hypothesized as unlikely that the YALC and DM patients 
had been differentially impacted by environmental carcinogen 
exposure (13). If proved to be correct, this may indicate that 
DM or the treatment of DM with metformin may be associ-
ated with increased risk of a specific subtype of lung cancer, 
(e.g. NETs), which have distinct features of clinical behavior, 
epidemiology, treatment and prognosis (14).

Case series report

In the present study, the Mayo Clinic Lung Cancer Cohort 
database, established in the Epidemiology and Genetics of 
Lung Cancer research program (15‑17), was used to identify 
571 consecutive patients with pathologically diagnosed YALC 
treated at the Mayo Clinic College of Medicine (Rochester, 
MN, USA) between 1997 and 2011, who were <45 years old 
at the time of primary lung cancer diagnosis (Table I). Written 
informed consent was obtained from all patients. Samples 
were obtained at the time of tumor diagnosis. Formalin‑fixed 
paraffin‑embedded samples (if available after diagnosis), slides 
(for diagnosis) or both were stored at the Department of Labora-
tory Medicine and Pathology, Mayo Clinic College of Medicine 
and patients were followed up for 10 years after diagnosis (18). 
Among the 571 patients selected, 278 (48.7%) exhibited adeno-
carcinoma, 76 (13.4%) carcinoid tumors, 52 (9.1%) squamous 
carcinoma, 34 (6.0%) SCLC and 131 (22.9%) possessed other 
or unspecified cell type tumors. A review of patient medical 
history revealed that 10/571 patients had exhibited primary 
DM at least one year prior to lung cancer diagnosis (Table I); 
specifically, there were 2 cases of DM type 1 (DM‑I) and eight 
of DM‑II. Three notable observations were made regarding 
these patients: i) 8/10 patients were overweight or obese, as 
determined by their body mass index (BMI; BMI, >24.99; 
Table II); ii) 5/8 patients with DM‑II (62.5%) exhibited pulmo-
nary NETs, including carcinoid tumors and SCLC, which was 
a higher proportion than that observed in the non‑diabetic 
patients (19.4%; 5/8 vs. 104/561; Fisher's test, P<0.05); and 
iii) most notably, 4 patients exhibiting NETs and one with 
lymphoma (Table II) had received metformin for the treatment 
of DM‑II. By contrast, the two patients exhibiting adenocar-
cinoma and DM‑II had not been administered metformin. 
Although 5/8 patients with DM‑II treated with metformin 
were current or former smokers, these patients developed lung 
cancer 20‑30 years earlier in life than the majority of patients, 
who are lifelong heavy smokers. The proportion of pulmonary 
NETs in metformin treated patients was significantly higher 
than those who did not receive metformin treatment (4/5 vs. 
106/566; Fisher's test, P<0.05).

Discussion

The incidence of pulmonary NETs has been reported to 
be ~21/100,000 per year in the Caucasian population of 
Denmark  (14). This figure includes all Caucasian adults; 
however, the incidence in the young adult population may be 
lower. To the best of our knowledge, no such published data is 
currently available. The high proportion (4/5; 80%) of pulmo-
nary NETs observed in patients with metformin‑treated DM‑II 

identified in the present study was suggested to be unlikely to 
be a random event, based on logical suppositions. Regarding 
the proposed favorable effects of metformin in a number of 
types of cancer, a suggested potential underlying mechanism 
is the activation of the liver kinase B1 (LKB1) 5' adenosine 
monophosphate‑activated protein kinase (AMPK) pathway, 
and inhibition of the mammalian target of rapamycin (mTOR) 
downstream signaling pathway by ribosomal protein S6 kinase 
β‑1 (20,21), which possesses a significant role in carcinogen-
esis and cancer progression (21). In addition, metformin may 
indirectly inhibit mTOR in lung tissue by decreasing the activa-
tion of insulin‑like growth factor‑1 receptor (IGF‑1R)/insulin 
receptor, rather than through activation of the LKB1/AMPK 

Table I. Clinicopathological characteristics of 571 consecu-
tively diagnosed young age lung cancer patients.

Parameter	 Patients, n (%)

Age at diagnosis, years
  Mean (SD)	   39.1 (5.1)
  Range	   17.0-44.0
Gender
  Female	 309 (54.1)
  Male	 262 (45.9)
Pathological cell type
  Adenocarcinoma	 278 (48.7)
  Squmaous	   52 (9.1)
  Small cell	   34 (6.0)
  Carcinoid 	   76 (13.3)
  Other	 131 (22.9)
Tumor stage
  I	   85 (14.9)
  II	   35 (6.1)
  III	 147 (25.7)
  IV	 251 (44.0)
  Limited (small cell)a	   16 (2.8)
  Extensive (small cell)b	   17 (3.0)
  Unknown 	   20 (3.5)
Tumor grade
  Well differentiated	   65 (11.4)
  Moderate differentiated	 141 (24.7)
  Poor/undifferentiated	 191 (33.4)
  Ungradeablec	 174 (30.5)
Smoking status
  Never-smoker	 197 (34.4)
  Former-smoker	 118 (20.7)
  Current-smoker	 251 (44.0)
  Unknown	    5 (0.9)

aTumors confined to the hemithorax. bTumors found outside of the 
hemithorax. cGrading was not possible due to insufficient tissue sam-
ples. Tumors were staged according to the American Joint Committee 
on Cancer 2010 Cancer Staging Manual (19). SD, standard deviation.
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Figure 1. Hypothesis of the potential dual role of metformin in young age lung cancer. (1) Hyperinsulinemia, hyperglycemia and chronic inflammation 
resulting from diabetes mellitus may be significant carcinogenic mechanisms in NETs. (2) Diabetes mellitus may increase the risk of NETs via as yet unknown 
pathways, leading to endocrine and metabolic imbalances. (3) In NETs, blocking of IGF-1R by metformin is ineffective as a tumor suppressor and may activate 
other upstream cascades of mTOR, reducing the antitumor effects. (4) Administration of metformin may induce the occurrence of NETs by as yet unknown 
signaling pathways. LKB1/AMPK, liver kinase B1/5' adenosine monophosphate‑activated protein kinase; IGF‑1R, insulin‑like growth factor‑1 receptor; 
mTOR, mammalian target of rapamycin; NETs, neuroendocrine tumors. Dashed lines indicate our hypotheses. Solid lines indicate established pathways.

Table II. Clinical characteristics of patients with young age lung cancer exhibiting primary diabetes mellitus.

Age,					     Duration of		  BMI,
years	 Gender	 Tumor type	 DM Type	 Treatment of DM	 treatment, months	 Smoking status	 kg/m2

42	 Male	 Neuroendocrinea	 2	 Insulin therapy	     6	 Never	 33.92
41	 Male	 Neuroendocrinea	 2	 Metformin	   20	 Former	 33.67
42	 Male	 Neuroendocrineb	 1	 Insulin therapy	 Unknown	 Current	 19.56
42	 Male	 Neuroendocrineb	 2	 Metformin	   24	 Former	 39.48
43	 Male	 Neuroendocrineb	 2	 Metformin	 >12	 Current	 25.94
38	 Male	 Neuroendocrineb	 2	 Metformin	 >12	 Current	 36.66
44	 Female	 Adenocarcinoma	 2	 Glucotrold	   36	 Former	 29.27
44	 Female	 Adenocarcinoma	 2	 None recorded	 N/A	 Current	 28.2
43	 Male	 Pulmonary lymphomac	 2	 Metformin	 >12	 Current	 42.62
24	 Female	 Unclassified carcinoma	 1	 None recorded	 N/A	 Never	 19.41

aTypical carcinoid tumor; bsmall cell lung cancer; cB‑cell lymphoma; dinsulin stimulation. N/A, not applicable; DM, diabetes mellitus; BMI, 
body mass index.
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pathway (22). Furthermore, IGF‑1R has been demonstrated not 
to be expressed in the majority of NET tissues (22), suggesting 
that the attenuation of IGF‑1R activity may be ineffective in the 
treatment of NETs. Finally, mTOR inhibition has been demon-
strated to be capable of inducing upstream receptor tyrosine 
kinase signaling and activating protein kinase B (Akt) kinase, 
therefore reducing the antitumor effects of mTOR inhibitors (21). 
Consequently, the present study hypothesized that, in NETs, the 
inhibition of mTOR due to the activity of metformin may also 
activate additional unknown upstream signaling pathways and 
factors, for example Akt kinase, which subsequently decreases 
the antitumor effects of metformin.

Although hyperinsulinemia, hyperglycemia and chronic 
inflammation may be significant mechanisms in the neoplastic 
process of a number of types of cancer, the carcinogenic mecha-
nisms induced by DM in NETs remain to be elucidated (23). A 
Taiwanese population‑based study revealed that diabetes was 
associated with a significantly higher risk of lung cancer (24). 
In addition, a correlation between DM and pancreatic NETs has 
been reported (25). Therefore, we hypothesize that DM may 
present a major risk factor for the development of pulmonary 
NETs, however, further investigation is required. To the best 
of our knowledge, summarizing all evidence available to date, 
and as depicted in Fig. 1, the present study hypothesized that 
metformin was able to decrease IGF‑1R expression in lung 
tissues, consequently inhibiting the downstream mTOR signaling 
pathway and decreasing the risk of lung cancer (excluding the 
subgroup of NETs). However, the blockage of IGF‑1R activity 
by metformin is ineffective in NETs. Furthermore, the current 
study hypothesized that mTOR inhibition, following adminis-
tration of metformin, may induce the activation of additional 
upstream oncogenic cascades.

The occurrence of NETs involves unknown signaling path-
ways (Fig. 1). Previous studies have demonstrated that the use of 
metformin is not associated with overall lung cancer risk (6,12). 
However, after stratifying the results by lung cancer subtype, it 
was found that a longer duration of metformin treatment may 
be associated with higher risk of small cell carcinoma (12). 
However, in this study, a high proportion of NETs were 
observed in the cases of metformin‑treated DM‑II. Thus, if the 
results of the present study are able to be verified, they may be 
useful as a novel alert for the significance of monitoring young 
patients with diabetes, particularly those who are overweight 
and receiving metformin, who may possess an increased risk of 
developing pulmonary NETs.
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