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Abstract

Background
Metformin therapy, the most commonly used oral glucose lowering drug, has been 

associated with a reduced risk of cancer in patients with type 2 diabetes. The objective 

of this study was to explore the association of other glucose lowering regimens and 

the risk of adenocarcinoma, when compared to metformin monotherapy.

Methods
The primary care research database in the Netherlands (IPCI) was used to conduct a 

case control study in patients with type 2 diabetes from 1996-2011 (n=29,383). Cases 

with a first-time diagnosis of colorectal, breast, prostate or pancreatic cancer, and 

an average number of 30 controls per case were matched on age, sex, duration of 

diabetes, and duration of follow-up. We assessed the use of glucose lowering therapies 

(no glucose lowering drug prescription; metformin monotherapy; sulfonylurea 

monotherapy; combination therapy of sulfonylurea and metformin; combination 

therapy of insulin and metformin; or combination therapy of insulin, sulfonylurea and 

metformin) prior to the cancer diagnosis date for cases and controls. Odds ratios (OR) 

and 95% Confidence Intervals (CI) were calculated by conditional logistic regression 

analyses. To account for latency of cancer development, we repeated the analyses 

after shifting the index date backwards in time by two years.

Results
In total, we identified 702 cases with a first-time diagnosis of either colorectal 

(n=238), breast (n=184), prostate (n=191) or pancreatic (n=84) cancer. Mean (SD) age 

was 69.5 (± 11.0) years. The results of our case control analysis showed no differences 

in overall cancer risk when comparing metformin monotherapy to other treatment 

regimens. Furthermore, shifting the index date backwards in time did not lead to 

substantial changes in outcomes. When considering site-specific cancers, addition of 

sulfonylurea (OR: 2.19, 95% CI: 1.18-4.07) or both sulfonylurea and insulin (OR: 3.15, 

95% CI: 1.21-8.16) to metformin monotherapy was associated with a significantly 

increased risk of pancreatic cancer, when compared to metformin monotherapy. 

However, these associations disappeared when we took into account a latency period 

of cancer development by shifting the index date backwards in time by two years. 

Also, there was a tendency towards a reduced risk of prostate cancer for all other 

treatment regimens when compared to metformin monotherapy.
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Conclusion
In conclusion, this study showed no increased risk of overall adenocarcinoma 

(a composite endpoint of colorectal, breast, prostate and pancreatic cancer) with 

sulfonylurea monotherapy or addition of insulin and/or sulfonylurea to existing 

metformin monotherapy compared to metformin monotherapy. We also found 

no evidence for an increased risk when exploring site-specific cancers. The results 

of this study imply that, with regard to the risk of cancer development, there is no 

contraindication for patients on metformin monotherapy to intensify their treatment 

with sulfonylurea or insulin.
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Introduction

Epidemiological studies showed that metformin therapy, the most commonly used 

oral glucose lowering drug (GLD) in the treatment of type 2 diabetes mellitus (T2DM), 

has been associated with a reduced risk of cancer, when compared to other GLDs [1-

3]. Metformin induces glucose uptake in muscles by targeting the enzyme AMP-

activated protein kinase (AMPK). The main upstream regulator of AMPK is the 

protein kinase LKB1, which phosphorylates AMPK at Thr172 (Carling 2004). LKB1 is 

also a recognised tumour suppressor [4]. The hypothesis that metformin may have 

anticancer effects is supported by in vitro and in vivo studies with animal models [5;6]. 

Some cellular and animal models also suggest that a metformin-mediated reduction 

in insulin resistance is associated with a reduced risk of cancer development [7].

In contrast, other diabetes drugs that have been associated with cancer risk mostly 

seem to have an opposite effect on developing cancer. In 2009, three observational 

studies suggested an increased risk for the development of cancer, particularly breast 

cancer, with the use of insulin glargine [8-10]. However, due to limitations in the way 

these studies were conducted, a definite link between insulin glargine and cancer 

could neither be confirmed nor excluded. Also, the use of sulfonylurea might confer 

an increased risk for cancer in individuals with T2DM [11]. Currently, the risk of cancer 

of incretins is the subject of public scrutiny [12].

To date, the presence of an association between GLDs and cancer remains 

debatable. The concerns regarding the association between insulin glargine and 

cancer have been much alleviated since the ORIGIN trial; this six-year randomized 

clinical trial showed no elevated risk of cancer when insulin glargine is used early in 

the course of T2DM treatment when compared to standard care [13]. However, the 

association between other insulins, metformin or sulfonylurea and various cancers is 

still under debate. Results of meta-analyses investigating the association between the 

use of metformin or sulfonylurea and various cancers observed that epidemiological 

studies have not consistently reported these results [14-16]. Furthermore, none of the 

randomized controlled trials investigating the association between metformin and 

cancer, of which pooled results were neutral, was specifically designed to evaluate 

the risk of cancer [17]. The heterogeneity among observational studies and the dis-

cordance between randomized controlled trials and observational studies imply 

that the apparent anti- or pro-cancer effect of GLDs in many previous observational 

studies was affected by methodological limitations and epidemiological biases.
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In epidemiological studies, an association between GLDs and cancer can be the 

result of protopathic bias. Such bias occurs when an agent has been prescribed for an 

early manifestation of a disease that has not been diagnostically detected [18]. Or it 

can be the result of detection bias, i.e. initiation or intensification of therapy resulting 

in more clinical visits and increased opportunity for diagnosis. Another major problem 

of earlier cohort studies is inclusion of patients with T2DM for several years prior to 

the start of the study, resulting in missing vital information on medication use prior 

to the start of the study [8;19-21]. Furthermore, in several earlier studies, metformin 

treatment was compared to all non-metformin treatments combined, including 

insulin, sulfonylureas, thiazolidinediones, and other oral T2DM medications [20;22]. 

Therefore, the protective effect observed in the metformin group may be due to 

hazardous effects of the other treatments.

In view of the methodological shortcomings of earlier studies, and a lack 

of randomized controlled trials, well-conducted and appropriately designed 

observational studies are needed. In this cohort study we considered relevant timing 

of exposure (i.e. timing that accommodates what we know about cancer biology), to 

tackle protopathic bias and detection bias. Furthermore, we defined our treatment 

regimens clearly and according to common prescription patterns to be compared to 

metformin monotherapy. Finally, patients had at least 5 years of valid history in the 

database to ensure sufficient baseline information and previous drug exposure on all 

subjects. The objective of this study was to explore the association of GLDs and the risk 

of adenocarcinoma, when compared to metformin monotherapy, while considering 

the lessons learnt from previous epidemiological papers.

Methods

Study design and setting
A retrospective case control design was used, comparing the odds of exposure to 

GLDs in patients with T2DM with cancer to that in controls selected from the same 

general population. The study was nested in a cohort of T2DM patients identified 

in the Integrated Primary Care Information (IPCI) database. This electronic database 

currently contains information on approximately 1.500.000 patients registered with 

more than 600 general practitioners (GPs). The demographic characteristics of this 

population are similar to those in the national registry held by the Dutch Central 

Bureau of Statistics [23]. In the Dutch health care system, all persons have their own 

general practitioner who files all relevant medical details from primary care visits, 
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hospital admissions, and visits to outpatient clinics. GPs who participate in the IPCI 

project are not allowed to use paper based records. Details of the database have 

been described previously [24].

The IPCI project contains information on drug prescriptions, including their 

indications and dosage regimen, complies with the European Union guidelines 

on the use of medical data for research, and has been proven to be valid for 

pharmacoepidemiological studies [25] The present study has been approved by the 

Scientific and Ethical Advisory Group of IPCI.

Study cohort
Patients were eligible for inclusion in the source population from the start of the 

study period (January 1st, 1996), the date of reaching 40 years of age when known 

with diabetes (to increase the incidence of cancer), the date of diabetes diagnosis 

when older than 40 years of age, or the date that at least five years of valid 

enrollment data was achieved (to exclude prevalent cases and allow for the analysis 

of latency periods), whichever was latest. Diagnosis of T2DM was based on either 

the International Classification of Primary Care (ICPC) codes for T2DM (T90.02) or on 

the use of oral GLDs (ATC code A10B). Five years of valid enrolment data meant that 

the practice had been contributing data to the IPCI database for at least 5 years, and 

that the patient had been registered with the GP for at least 5 years. All participants 

were followed from cohort entry until the first event (diagnosis of colorectal, breast, 

prostate or pancreatic cancer), the end of the study period (2011), transfer out of the 

practice, or death, whichever was earliest.

Identification and selection of cases
Cases were patients in the T2DM study cohort who had a first time diagnosis of 

colorectal, breast, prostate or pancreatic cancer. Patients were excluded if they had 

a history of any cancer in the 5 years prior to the index date (date of occurrence of 

cancer of interest) or if they were diagnosed with the cancer of interest any time prior 

to cohort entry to exclude prevalent cancer cases. We identified potential cases from 

the computerised records by searching for International Classification for Primary 

Care diagnoses of colorectal cancer (D75), breast cancer (X76), prostate cancer (Y77) 

or pancreatic cancer (D76). In addition, we performed a sensitive free-text search 

of the entire patient record, i.e. in the clinical notes of the GPs and/or letters from 

medical specialists as digitally recorded by the GP, using specific key words. Each 

patient record containing these ICPC codes or one or more key words from the search 
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algorithm was reviewed manually by the primary researcher (AS) to exclude false 

positive records and to assess the earliest date of onset of each of the events (index 

date). Cases were considered definite if the record stated that the patient had the 

cancer of interest and contained results from biopsies in which adenocarcinoma was 

confirmed or if a specialist letter confirmed the diagnosis. The primary researcher 

was blinded to exposure to drugs throughout the validation process.

Control selection
To each case, we matched eligible controls from the study cohort using incidence 

density sampling. Controls were followed from the same time as the case and were 

matched for sex, age (same year of birth), duration of diabetes, follow-up duration 

and calendar date (index date). The same criteria to exclude prevalent cancer cases 

were applied to the control group.

Definition of exposure
We assessed exposure to GLDs in the one year prior to the index date for cases and 

controls. The glucose lowering regimens included in these analyses were classified 

into six mutually exclusive categories that are based on common prescription patterns: 

No registered prescription of GLDs in patient record of GP (but having a diagnosis of 

T2DM); metformin monotherapy; sulfonylurea monotherapy; combination therapy 

of sulfonylurea and metformin; combination therapy of insulin and metformin; or 

combination therapy of insulin, sulfonylurea and metformin. Duration of use was 

obtained by dividing the total amount of prescribed units by the prescribed amount 

per day. We calculated the end of each prescription by adding the duration to the 

prescribing date.

Covariates
The medical history prior to cohort entry was extracted from the electronic medical 

records. Data on sex, age, duration of diabetes, duration of follow up and calendar date 

were collected, on which logistic regression analyses were conditioned. Furthermore, 

we considered the following factors as potential covariates: the most recent value 

prior to cohort entry was assessed for BMI, weight, systolic and diastolic blood 

pressure, HbA1c, total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol and 

glomerular filtration rate. Furthermore, the presence of a history of alcohol abuse, 

smoking, ischemic heart disease, ischemic cerebrovascular disease, retinopathy, 

microalbuminuria or macroalbuminuria in the five years prior to cohort entry was 
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assessed. Also, we evaluated whether patients used statins, aspirin, NSAIDs, hormonal 

replacement therapy or oral contraceptive therapy in the year prior to cohort entry.

Statistical analysis
We applied conditional logistic regression analyses to estimate the matched and 

adjusted odds ratios (OR) and 95% confidence intervals (95% CI) for the association 

between the diagnosis of adenocarcinoma and exposure to GLDs. Statistical 

significance was assumed for two-sided p-values <0.05. All statistical analyses were 

performed using SPSS software version 20.0 (SPSS Inc, Chicago, IL, USA). Metformin 

monotherapy was used as the reference group for the calculation of the matched 

OR of the glucose lowering regimens, since metformin is recommended as first-line 

active treatment by the American Diabetes Association and the European Association 

for the Study of Diabetes [26]. In the adjusted model, we included all covariates that 

changed the unadjusted odds ratio by more than 10%.

In a sensitivity analysis, we excluded exposure in the two years immediately prior 

to the index date to account for latency of cancer development, i.e. we shifted the 

index date backwards in time by two years for both cases and controls. By taking 

into account a latency period of cancer (when the disease is already present, but not 

yet diagnosed) we attempt to minimise the risk of protopathic bias and the risk of 

detection bias.

Results

We identified 702 cases with a first-time diagnosis of either colorectal (n=238), 

breast (n=184), prostate (n=191) or pancreatic (n=84) cancer. These were matched 

with 25,760 controls. On average 33 controls were matched to each case. Five patients 

had more than one adenocarcinoma, and were excluded in the exploration of the 

site specific cancers. Baseline characteristics of the cohort and of cases and their 

matched controls are displayed in Table 1. The mean (SD) age of cases and controls 

was 69.5 (± 11.0) years at the start and 46.2% were male. The cohort consisted mostly 

of patients with a new diagnosis of diabetes during follow-up (87%); median (IQR) 

duration of diabetes was 0 (0) years and mean (SD) HbA1c was 54.0 (± 15.2) mmol/mol 

at start cohort. Cases and controls were similar in regard to baseline characteristics. 

However, cases that developed colorectal cancer used significantly fewer NSAIDs than 

their matched controls (data not shown). No potential confounders were included in 
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the model as no variable changed the unadjusted matched odds ratio with more than 

10%.

Table 1 Baseline characteristics of total cohort and case-control study

Characteristics Total cohort
(n=29,383)

Case-control study

Cases with 
adenocarcinomaa

(n=703)

Controls without 
adenocarcinomaa

(n=25,760)

Matched OR 
(95% CI)

Male (patients, %)b 14,756 (50.2) 375 (53.4) 14,360 (55.7) - 
Age (mean ± SD, years)b 64.9 ± 11.8 69.5 (9.8) 68.9 (8.2) - 

Follow-up time (median 
(IQR), months)b

- 23.6 (29.5) 22.1 (23.8) - 

Duration of diabetes 
mellitus (median (IQR), 
years)b

Median 0 (0) Median 0 (0) Median 0 (0) - 

BMI (mean ± SD, kg/m2) 29.8 ± 5.2 29.1 (4.9) 29.2 (4.8) 1.01 (0.98-1.03)
Weight (mean ± SD, kg) 86.2 ± 17.9 83.3 (15.9) 84.6 (16.0) 1.00 (0.99-1.00)
Systolic BP (mean ± SD, 
mmHg)

144.0 ± 20.0 147.0 (20.0) 144.7 (19.7) 1.00 (1.00-1.01)

Diastolic BP (mean ± SD, 
mmHg)

82.3 ± 10.5 82.0 (10.9) 81.1 (10.1) 1.01 (1.00-1.01)

Alcohol abuse (patients, %) 811 (2.8) 13 (1.9) 616 (2.4) 0.62 (0.49-1.53)
Ever smoked (patients, %) 9568 (32.6) 194 (27.6) 7567 (29.4) 1.04 (0.87-1.24)
Living in deprived area 
(patients, %)

3951 (13.4) 105 (15.0) 3763 (14.6) 1.15 (0.92-1.43)

Laboratory parameters 
(mean ± SD)

HbA1c (mean ± SD, %) 54.0 ± 15.2 54.4 (15.6) 53.6 (14.0) 1.00 (1.00-1.01)
Total Cholesterol (mean ± 
SD, mg/dl)

5.1 ± 1.2 5.05 (1.11) 4.96 (1.14) 1.00 (0.92-1.09)

Triglycerides (mean ± SD, 
mg/dl)

2.0 ± 1.4 1.89 (1.22) 1.86 (1.19) 1.01 (0.93-1.09)

HDL Cholesterol (mean ± 
SD, mg/dl)

1.2 ± 0.3 1.23 (0.33) 1.24 (0.34) 0.90 (0.65-1.25)

LDL Cholesterol (mean ± 
SD, mg/dl)

3.0 ± 1.0 2.97 (0.93) 2.90 (0.98) 1.01 (0.91-1.13)

Micro albuminuria 
(patients, %) 

2706 (9.2) 50 (7.1) 2527 (9.8) 0.81 (0.60-1.09)

Macro albuminuria 
(patients, %) 

410 (1.4) 14 (2.0) 444 (1.7) 1.34 (0.77-2.33)

Glomerular filtration 
rate (mean ± SD, mL/
min/1.73m²) 

87.8 ± 33.1 76.0 (21.6) 81.8 (26.6) 0.99 (0.98-1.01)
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Characteristics Total cohort
(n=29,383)

Case-control study

Cases with 
adenocarcinomaa

(n=703)

Controls without 
adenocarcinomaa

(n=25,760)

Matched OR 
(95% CI)

Medical history 5 yrs 
prior to enrolment 
(patients, %) 
Ischemic heart disease 5633 (19.2) 144 (20.5) 5647 (21.9) 0.90 (0.74-1.09)
Ischemic cerebrovascular 
disease 

5800 (19.7) 163 (23.2) 5470 (21.2) 0.97 (0.80-1.17)

Retinopathy 293 (1.0) 4 (0.6) 212 (0.8) 0.64 (0.23-1.83)
Inflammatory Bowel 
Disease

130 (0.4) 1 (0.1) 96 (0.4) 0.44 (0.06-3.20)

Endoscopy (lower gastro-
intestinal tract)

1828 (6.2) 32 (4.6) 1600 (6.2) 0.73 (0.50-1.05)

Pharmacological therapy 
at enrolment (patients, %) 
Statin 10217 (34.8) 236 (33.6) 9941 (38.6) 1.00 (0.84-1.18)
Aspirin 2660 (9.1) 78 (11.1) 2597 (10.1) 1.11 (0.87-1.43)
NSAID 5223 (17.8) 94 (13.4) 3144 (12.2) 0.85 (0.67-1.08)
Hormonal replacement 
therapy

849 (2.9) 11 (1.6) 327 (1.3) 0.78 (0.41-1.48)

Oral contraceptive therapy 343 (1.2) 4 (0.6) 53 (0.2) 1.47 (0.48-4.45)

acomposite endpoint of colorectal, breast, prostate and pancreatic cancer
blogistic regression analyses were conditioned on these matching variables
Missing values were excluded from the analysis. BMI, body mass index; BP, blood pressure; HbA1c, 
haemoglobin A1c; HDL, high-density-lipoproteine; LDL: low-density-lipoproteine; NSAID, non-steroidal 
anti-inflammatory drug; OR, odds ratio; CI, confidence interval.

Associations between various glucose-lowering regimens and the risk of overall 

adenocarcinoma are displayed in Table 2. No significant associations were observed 

for the group with no GLD prescription, sulfonylurea monotherapy, combination 

therapy of sulfonylurea and metformin, combination therapy of insulin and metformin, 

or combination therapy of insulin, sulfonylurea and metformin to develop overall 

adenocarcinoma, when compared to metformin monotherapy.

Associations between various glucose-lowering regimens and the risk of each 

site-specific cancer are displayed in Table 3. Most strikingly, addition of sulfonylurea 

(OR: 2.19, 95% CI: 1.18-4.07) or both sulfonylurea and insulin (OR: 3.15, 95% CI: 1.21-

8.16) to metformin monotherapy was associated with a significantly increased risk 

of pancreatic cancer. Furthermore, the use of sulfonylurea monotherapy (OR: 0.41, 

95% CI: 0.22-0.78) or adding sulfonylurea to metformin monotherapy (OR: 0.65, 95% 

CI: 0.43-0.99) was associated with a reduced risk of prostate cancer. No differences 
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in risks of breast and colorectal cancer between metformin monotherapy and other 

treatment regimens were found.

Table 2 Use of glucose lowering drugs and the risk of adenocarcinoma 

Treatment regimens Cases (%)
n=702

Controls (%)
n=25,760

Matched OR
(95% CI)

p-value

Metformin monotherapy 202 (28.8%) 7858 (30.5%) 1 (ref) -
No GLD prescription 127 (18.1%) 3986 (15.5%) 0.98 (0.77-1.24) 0.85
Sulfonylurea monotherapy 74 (10.5%) 2284 (8.9%) 0.84 (0.63-1.14) 0.26
Metformin + sulfonylurea 152 (21.7%) 6247 (24.3%) 0.90 (0.72-1.12) 0.35
Metformin + insulin 43 (6.1%) 1690 (6.6%) 0.87 (0.61-1.25) 0.46
Metformin + sulfonylurea + 
insulin

31 (4.4%) 992 (3.9%) 1.27 (0.85-1.90) 0.25

Remaining therapies 73 (10.4%) 2703 (10.5%) a a

aNo analysis was performed because the number of exposed cases was lower than 5 in the following 
treatment regimens: thiazolidinedione monotherapy, insulin monotherapy, combination therapy of 
metformin and thiazolidinedione, combination therapy of sulfonylurea and insulin, combination therapy 
of metformin sulfonylurea and thiazolidinedione, combination therapy of metformin thiazolidinedione 
and insulin, combination therapy of metformin sulfonylurea thiazolidinedione and insulin, 
combination therapy of metformin sulfonylurea and insulin, combination therapy of sulfonylurea and 
thiazolidinedione, combination therapy of sulfonylurea, thiazolidinedione and insulin, combination 
therapy of thiazolidinedione and insulin.
All the above analyses were conducted for exposure to GLDs in the one year prior to the index date.
OR, odds ratio; CI, confidence interval; GLD, glucose lowering drug.

Table 3 Glucose lowering regimens and the risk of site-specific cancers, compared to 
metformin monotherapy

Matched OR (95% CI)
Treatment regimens Overall 

cancer
n=702

Colon
n=238

Prostate
n=191

Mamma
n=184

Pancreas
n=84

Metformin 
monotherapy

1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

No GLD prescription 0.98 (0.77-
1.24)

1.10 (0.73-
1.66)

0.78 (0.50-
1.22)

1.15 (0.74-
1.79)

0.97 (0.47-
2.02)

Sulfonylurea 
monotherapy

0.84 (0.63-
1.14)

1.15 (0.72-
1.84)

0.41 (0.22-
0.78)

1.09 (0.61-
1.94)

0.60 (0.19-
1.88)

Metformin + 
sulfonylurea

0.90 (0.72-
1.12)

0.83 (0.55-
1.24)

0.65 (0.43-
0.99)

0.90 (0.56-
1.44)

2.19 (1.18-
4.07)

Metformin + insulin 0.87 (0.61-
1.25)

0.87 (0.47-
1.61)

0.72 (0.38-
1.39)

0.78 (0.36-
1.71)

1.56 (0.58-
4.19)

Metformin + 
sulfonylurea
+ insulin

1.27 (0.85-
1.90)

1.30 (0.64-
2.65)

0.66 (0.27-
1.63)

1.50 (0.68-
3.32)

3.15 (1.21-
8.16)

All the above analyses were conducted for exposure to GLDs in the one year prior to the index date.
OR, odds ratio; CI, confidence interval; GLD, glucose lowering drug.
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All the above analyses were conducted for exposure to GLDs prior to the index date. 

In the sensitivity analysis we repeated the primary analysis but shifted the index date 

backwards in time by two years, and thereby took into account the diagnosis delay 

that is anticipated. The risk of overall adenocarcinoma for the various treatment 

regimens, taking into account the shifted index date is displayed in Table 4. Similarly 

to the primary analysis, the sensitivity analysis showed no differences in the risk 

of adenocarcinoma between the various treatment regimens and metformin 

monotherapy.

The risk of each site-specific cancer for the various treatment regimens, taking 

into account the shifted index date is displayed in Table 5. This analysis showed that 

not having a registered GLD prescription is associated with a reduced risk of prostate 

cancer, when compared to metformin monotherapy (OR: 0.53, 95% CI: 0.28-0.99). For 

the remainder of site-specific cancers, we found no significant changes in risk when 

comparing various treatment regimens to metformin, yet confidence intervals were 

relatively wide.

Table 4 Glucose lowering regimens and the risk of adenocarcinoma (sensitivity analysis with 
two year latency period)

Treatment regimens Cases (%)
n=702

Controls (%)
n=25,760

Matched OR
(95% CI)

p-value

Metformin monotherapy 92 (13.1%) 3491 (13.6%) 1 (ref) -
No GLD prescription 408 (58.1%) 15,770 (61.2%) 0.86 (0.63-1.16) 0.32
Sulfonylurea monotherapy 64 (9.1%) 1412 (5.5%) 1.19 (0.84-1.70) 0.33
Metformin + sulfonylurea 61 (8.7%) 2410 (9.4%) 0.74 (0.52-1.06) 0.10
Metformin + insulin 17 (2.4%) 566 (2.2%) 0.81 (0.46-1.43) 0.47
Metformin + sulfonylurea + 
insulin

8 (1.1%) 299 (1.2%) 0.93 (0.43-2.01) 0.85

Remaining therapies 68 (9.7%) 2111 (8.2%) a a

aNo analysis was performed because the number of exposed cases was lower than 5 in the following 
treatment regimens: thiazolidinedione monotherapy, insulin monotherapy, combination therapy of 
metformin and thiazolidinedione, combination therapy of sulfonylurea and insulin, combination therapy 
of metformin sulfonylurea and thiazolidinedione, combination therapy of metformin thiazolidinedione 
and insulin, combination therapy of metformin sulfonylurea thiazolidinedione and insulin, 
combination therapy of metformin sulfonylurea and insulin, combination therapy of sulfonylurea and 
thiazolidinedione, combination therapy of sulfonylurea, thiazolidinedione and insulin, combination 
therapy of thiazolidinedione and insulin. The index date was shifted backwards in time by two years for 
both cases and controls. All the above analyses were conducted for exposure to GLDs in the one year 
prior to the shifted index date. OR, odds ratio; CI, confidence interval; GLD, glucose lowering drug.
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Table 5 Glucose lowering regimens and the risk of site-specific cancers, compared to 
metformin monotherapy (sensitivity analysis with two year latency period)

Matched OR (95% CI)
Treatment regimens Overall 

cancer
n=702

Colon
n=238

Prostate
n=191

Mamma
n=184

Pancreas
n=84

Metformin 
monotherapy

1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

No GLD prescription 0.86 (0.63-
1.16)

0.91 (0.54-
1.54)

0.53 (0.28-
0.99)

0.96 (0.54-
1.68)

1.51 (0.59-
3.90)

Sulfonylurea 
monotherapy

1.19 (0.39-
1.70)

1.35 (0.74-
2.46)

0.81 (0.39-
1.68)

1.17 (0.60-
2.27)

1.71 (0.57-
5.14)

Metformin + 
sulfonylurea

0.74 (0.52-
1.06)

0.90 (0.50-
1.60)

0.65 (0.34-
1.26)

0.64 (0.31-
1.32)

0.78 (0.25-
2.48)

Metformin + insulin 0.81 (0.46-
1.43)

0.85 (0.33-
2.20)

1.02 (0.40-
2.59)

0.55 (0.13-
2.43)

0.52 (0.06-
4.64) 

Metformin + 
sulfonylurea
+ insulin

0.93 (0.43-
2.01)

0.92 (0.21-
4.03)

a a a

aNo analysis was performed because the number of exposed cases was lower than 5. The index date 
was shifted backwards in time by two years for both cases and controls. All the above analyses were 
conducted for exposure to GLDs in the one year prior to the shifted index date. OR, odds ratio; CI, 
confidence interval; GLD, glucose lowering drug.

Discussion

The present case control study showed no differences in overall cancer risk when 

comparing metformin monotherapy to other treatment regimens. Based on our data, 

we can state with 95% confidence that none of the following comparator therapies 

(sulfonylurea monotherapy, combination therapy of sulfonylurea and metformin 

and combination therapy of insulin and metformin) will have a greater than 25% 

risk increase (if any increase at all) for adenocarcinoma, compared to metformin 

monotherapy. Furthermore, when investigating site-specific cancers, we found no 

evidence for a difference in risk of colorectal or breast cancer. An increased risk of 

pancreatic cancer was found for the use of insulin or sulfonylurea added to metformin, 

when compared to metformin monotherapy. However, this association disappeared 

when we excluded exposure in the two years prior to the index date. Therefore, we 

assume that the observed association is not causal, but results from either reversed 

causation or detection bias. For prostate cancer, the use of metformin monotherapy 

in comparison to a more intensive regimen (with and without metformin), was 

associated with an increased risk. This finding was also observed when we excluded 
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exposure in the two years prior to the index date. Therefore, this association was 

unlikely due to reversed causation or detection bias.

Several other studies have shown an increased risk of cancer within the first year 

after onset of glucose lowering therapy, especially in pancreatic cancer [27;28]. In fact, 

some studies showed increased risk of pancreatic cancer for insulin secretagogues in 

short-term users but not long-term users [19] or showed an immediate divergence in 

risk within the first 6-12 months, both illustrations of reversed causation [29]. These 

studies underscore that results of observational studies reporting on pancreatic 

cancer risks in relation to insulin secretagogues should be interpreted with caution. 

The observed association of metformin use with an increased risk of prostate cancer 

is in contradiction with previous studies that showed a protective effect of metformin 

on the development of prostate cancer [30;31]. It should be noted that previous 

case control studies included both diabetic and non-diabetic patients, and were to 

a great extent subjected to confounding by indication, as T2DM itself is associated 

with a reduced risk of prostate cancer [32]. No association was found in a case 

control study performed in diabetic men only [29]. Similar to our study, one previous 

study also found that metformin use might be associated with a higher incidence 

of prostate cancer [22]. Prostate cancer risk, which is atypical in that it is negatively 

associated with T2DM, was postulated to be different with respect to its relationship 

to metformin use. However, since the more intensive treatment regimen in our study 

also included metformin use, the increased risk of prostate cancer is unlikely caused 

by metformin itself. An alternative explanation might be that the other treatment 

regimens represent patients with more severe diabetes, which is associated with a 

greater decrease in prostate cancer risk [32]. The latter theory, however, does not 

account for the similarly lower incidence of prostate cancer in the group of patients 

with T2DM but no prescription of GLDs in patient record of GP.

Our study did not find significant differences in risks of breast and colorectal 

cancer between metformin monotherapy and other treatment regimens. The lack of 

association between exogenous insulin use and breast and colorectal cancer found 

in our study was confirmed in the ORIGIN trial and recent cohort studies [13;33;34]. 

The lack of a protective effect on breast and colorectal cancer among metformin 

users found in our study is in contrast with many observational studies. Previous 

epidemiologic studies have observed 15-40% reduction of the risk of breast 

cancer with metformin use, particularly in peri- or post-menopausal women with 

T2DM [20;35;36], and this has also been confirmed in a meta-analysis [2]. Previous 

meta-analyses of epidemiological observations suggested that metformin may be 
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protective for colorectal cancer [3]. When assessing randomized controlled trials 

only, no association was found between risk of colorectal cancer or breast cancer and 

use of metformin, although these results were based on small numbers of cases, and 

these trials were not designed to evaluate the risk of cancer [17]. All in all, evidence 

regarding metformin monotherapy and breast or colorectal cancer risk reduction is 

lacking.

A major advantage of this study is the validity of the data. By excluding all 

patients with less than five years of recorded history in the database prior to the 

index date, we reduced the risk of including prevalent rather than incident cancer 

cases. Second, patients in our cohort were mostly incident diabetic patients, thereby 

increasing the reliability of information on the use of medication after start of cohort. 

Third, all cancers and the date of diagnosis were validated manually by reading 

through all relevant clinical notes of the GP and corresponding letters from medical 

specialists. Yet, since we did not validate each cancer diagnosis with pathology data, 

misclassification of cancer may still have occurred.

Several limitations should also be addressed. Despite matching for numerous 

covariates, investigating several as potential confounders, and having an active 

comparator group, it is not possible to eliminate the potential of residual confounding 

– confounding by indication in particular, i.e. patients with a higher risk to develop 

cancer are more likely to receive aggressive poly-pharmacy use than patients with 

a lower risk to develop cancer. Furthermore, treatment regimens might not be 

comparable; patients on metformin are likely to be younger and have fair glucose 

control, whereas patients that require aggressive poly-pharmacy use of insulin are 

more likely to have poor glycemic control. Impaired glycemic control might share 

common causes with cancer. However, this cohort included mostly incident patients 

with diabetes, and therefore patients in our cohort were more homogenous and 

treatment regimens more comparable with regard to duration and severity of insulin 

resistance. In fact, duration of diabetes is mentioned in other studies as a confounder 

for the development of cancer [37]. Homogeneity in our study is also reflected by 

the fact that neither comorbidities associated with diabetes mellitus nor drug 

therapies (aspirin) materially altered the risk of cancer. Although these characteristics 

are associated with cancer risk, they might not be important confounders in this 

relatively homogenous group of patients with incident diabetes. Another limitation 

is the rather short duration of follow-up, a common problem for many observational 

studies. A shifted index date of two years might tackle reversed causation and 

detection bias, as is shown for pancreatic cancer, but the follow up duration of 
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this study may have been insufficient to detect differences with respect to cancer 

incidence and metformin therapy. Stratification of results by duration of exposure to 

metformin is required to address this limitation, but was not possible in this study due 

to the limited sample size. Furthermore, many patients receiving metformin are true 

initiators of pharmacological treatment, while the users of combined sulfonylurea 

and metformin and insulin users include mainly switchers from other treatment 

regimens. In our study we did not consider this past use of medication. Also, the 

number of cases with pancreatic cancer was relatively small, and due to majority of 

incident diabetes patients we had a low number of patients that already started with 

insulin therapy. Finally, it remains unknown if the group of patients with T2DM with 

no registered prescription of GLDs in patient record of GP are mostly patients on diet/

lifestyle treatment, or patients that are treated in hospitals.

In conclusion, this study showed no increased risk of overall adenocarcinoma 

(a composite endpoint of colorectal, breast, prostate and pancreatic cancer) with 

sulfonylurea monotherapy or addition of insulin and/or sulfonylurea to existing 

metformin monotherapy compared to metformin monotherapy. We also found 

no evidence for an increased risk when exploring site-specific cancers. The results 

of this study imply that, with regard to the risk of cancer development, there is no 

contraindication for patients on metformin monotherapy to intensify their treatment 

with sulfonylurea or insulin.
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