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Purpose: We aimed to assess oncological outcomes in colorectal cancer patients with type 2 diabetes mellitus
(T2DM) using metformin.

Methods: Patients with colorectal cancer and T2DM during 2000-2012 period were identified form Lithuanian
Cancer Registry and the National Health Insurance Fund database. Colorectal cancer-specific survival (CS) was
the primary outcome. It was measured from date of colorectal cancer diagnosis to date of death due to colorectal
cancer, or last known date alive.

Results: 15,052 people who met eligibility criteria for this analysis, including 1094 (7.27%) with pre-existing
type 2 diabetes (271 metformin never users and 823 metformin users) and 13 958 people without diabetes
assessed. During follow-up (mean follow-up time was 4.4 years, with range from 1 day to 17 years) there were
10,927 deaths including 8559 from colorectal cancer. Significantly lower risk in CS between diabetic and non-
diabetic people with lower risk of cancer-specific mortality (HR 0.87, 95% CI 0.80-0.94) in diabetic patient
population was seen. After adjustment for age, stage at diagnosis and metformin usage, significant difference in
colorectal CS between metformin users in diabetic patient population compared to non-diabetics and metformin
non-users in diabetic patient population was found (0.80 (0.72-0.89) vs 1.00 and vs 1.05 (0.91-1.23)). Overall
survival (OS) was better for diabetic patients with significant difference in diabetic metformin users (HR 0.91,
95% CI 0.79-0.94).

Conclusions: Colorectal cancer patients with T2DM treated with metformin as part of their diabetic therapy
appear to have a superior OS and CS. However, prospective controlled studies are still needed to evaluate the
efficacy of metformin as an anti-tumor agent.

1. Introduction

Colorectal cancer is the third most common cancer and second
leading cause of death worldwide [1]. Known risk factors are as follows:
age, male gender, smoking, obesity, low fibre diet, insulin resistance,
and the metabolic syndrome. Increase in incidence of metabolic syn-
drome is seen worldwide. The syndrome is defined as the presence of at
least three of components: increased circumference of the waist, hy-
pertriglyceraemia, low high-density lipoprotein (HDL), hypertension,
and hyperglycaemia [2]. The International Diabetes Federation (IDF)

estimated that around 425 million of adults had diabetes mellitus
globally in 2017 and one in two remains undiagnosed [3].

Overall survival is influenced by several factors: sex, age, tumour
stage, and American Society of Anaesthesiologists (ASA) score [4]. The
association between diabetes mellitus and decreased overall survival in
patients with cancer is expected due to hyperinsulinemia, hypergly-
caemia, and chronic inflammation.

Metformin is the first line treatment for T2DM. It suppresses cancer
growth — so has a protective effect [5]. Few mechanisms have been
suggested, but still it is under careful investigation [6,7].
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Previous studies showed positive effect of metformin on overall
survival [8-16] with only few studies showing effect on cancer-specific
survival [11-16].

Our goal was to perform a large nation-wide cohort study that ex-
amined metformin effect on survival of patients with colorectal cancer.

2. Materials and methods
2.1. Study population

The study protocol was approved by the Institutional Review Board
of National Cancer Institute (no. 2018-0063). The need for informed
consent was waived by the institutional review board due to the
minimal risk retrospective study. The study design followed all relevant
principles of the Declaration of Helsinki.

The study is based on the Lithuanian Cancer Registry database
covering a population of around three million residents according to
2011 census. The analysis included patients with primary invasive
colorectal cancer (ICD-10 C18-C21) diagnosed between January 1,
2001 and December 31, 2012. The database contains personal and
demographic information, as well as information on diagnosis of all
people diagnosed with cancer in Lithuania. Data of the Lithuanian
Cancer Registry has been published in the publications of the
International Association of Cancer Registries ‘Cancer Incidence in Five
Continents’, which are submitted to systematic quality control. From
this database, we obtained information regarding age at diagnosis, date
of diagnosis, tumour classification (TNM), cause and date of death.
Identified patients were followed till 2017 12 31, or date of death,
whichever came first. Information regarding the diagnosis of T2DM and
antidiabetic medication were obtained from the National Health
Insurance Fund (NHIF) database. Diabetic status was assigned to pa-
tients who were reported as T2DM patients and received prescriptions
of antidiabetic medications in the NHIF database. Data from the
Lithuanian NHIF database encompasses about 98% of inpatient cases
and 90% of outpatient visits (up to 100% of primary health care visits)
in Lithuania, covering the entire territory of the country. (Navickas et al.
Eur J Intern Med. 2015 https://www.ncbi.nlm.nih.gov/pubmed/
25726495).

We excluded patients identified as death certificated only cases,
patients with prior malignancy, cases with diabetes diagnosed after
colorectal cancer diagnosis (Fig. 1).

Cancer Epidemiology 62 (2019) 101587

2.2. Outcome measures

We analysed survival outcomes in colorectal cancer patients.
Colorectal cancer-specific survival was the primary outcome, measured
from the date of colorectal cancer diagnosis to date of death due to
colorectal cancer, or last known date alive (for 41 lost to follow-up
patients). Patients who were not deceased or who died of causes other
than colorectal cancer were censored at the last known date alive or
date of death, respectively. Overall survival was analysed as a sec-
ondary outcome, and defined as the period from the date of diagnosis of
colorectal cancer to the date of death or last known date alive. For this
secondary outcome, only those patients who were not deceased were
censored at the last known date alive.

2.3. Statistical analyses

Univariate Cox proportional hazard models were used to estimate
hazard ratios and their 95% confidence intervals to compare colorectal
cancer-specific and overall survival differences by known prognostic
factors. These included sex, age at diagnosis, stage at diagnosis, and
metformin use (yes/no). Unadjusted and multivariate adjusted Cox
proportional hazards models including sex, age and stage at diagnosis
were also conducted to estimate the effect of diabetes status on color-
ectal cancer-specific and overall survival. All statistical analyses were
carried out using STATA 11 statistical software (StataCorp. 2009. Stata
Statistical Software: Release 11.0. College Station, TX, USA).

3. Results

After excluding those for whom colorectal cancer was not a first
cancer diagnosis, diabetes diagnosed after colorectal cancer and DCO
cases, there were 15,052 people who met eligibility criteria for this
analysis, including 1094 (7.27%) with pre-existing T2DM and 13,958
without diabetes (Fig. 1). During follow-up there were 10,927 deaths
including 8559 from colorectal cancer. Mean follow-up time was 4.4
years, with range from 1 day to 17 years.

Demographic and staging information for the three exposure co-
horts is presented in Table 1. The mean age at diagnosis was slightly
higher in men with diabetes who used metformin. There were no sig-
nificant differences in stage of disease at diagnosis between groups.

The Kaplan-Meier survival analysis revealed significant differences

Colorectal cancer patients 2001-2012 (n=18787)
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Death certificated only cases (n=1209)
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Fig. 1. Flow diagram summarizing the process of enrolment of colorectal cancer patients.
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Table 1
Demographic and clinical characteristics of people with colorectal cancer, by
diabetes and metformin status.

Non-diabetic Diabetic

Metformin users Metformin non-users

N % N % N %
Total 13958 92.73 823 5.47 271 1.80
Gender
Male 6.882 92.77 135 1.82 401 5.41
Female 7.076 92.69 136 1.78 422 5.53
Age at diagnosis
Mean(SD) 68.31 (11.46) 73.20 (8.49) 69.20 (8.74)
Age groups
< 65 4.734 94.12 4.794 91.75 4.429 92.35
65-75 43 0.85 105 2.01 123 2.56
>75 253 5.03 326 6.24 244 5.09
Stage
1 1365 9.77 122 14.82 24 8.86
2 4128 29.57 272 33.05 76 28.04
3 3857 27.63 207 25.15 79 29.15
4 3345 23.97 149 18.10 65 23.99
unknown 1263 9.05 73 8.87 27 9.96

SD, standard deviation.

in colorectal cancer-specific survival between diabetic and non-diabetic
patients (Fig. 2). In multivariate analysis after adjustment for age and
stage at diagnosis significantly lower risk in colorectal cancer-specific
mortality was observed between diabetic and non-diabetic patients
with lower risk in diabetic patient population (HR 0.87, 95% CI
0.80-0.94) (Table 2). In diabetic patients’ group there was significant
difference in colorectal cancer-specific survival between metformin
users and non-users (Fig. 2). After adjustment for age and stage at di-
agnosis significantly lower risk in colorectal cancer-specific mortality
was observed in metformin users (HR 0.75, 95% CI 0.64-0.87). In
overall survival significant differences were observed between met-
formin users and non-users (Fig. 3, Table 3). However, there were no
differences in overall survival between diabetic and non-diabetic pa-
tients.

4. Discussion

Our Lithuanian cohort study, one of the largest cohort studies so far
of more than 110,000 patients with T2DM, showed that overall survival
and cancer-specific survival was significantly increased in metformin-
treated group compared with non-metformin group and even non-dia-
betes group. Even after adjusting for clinical relevant factors, we still
found decreased all-cause mortality. There might be two reasons for the
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Table 2
Diabetes and colorectal cancer-specific and overall survival.

Unadjusted HR
(95% CI)

p-value Multivariate-Adjusted”

HR (95% CI)

p-value

Colorectal cancer specific survival
Non-diabetic  1.00 ref. 1.00 ref.

Diabetic 0.85 (0.78-0.92) < 0.001 0.87 (0.80-0.94) 0.001
Overall survival

Non-diabetic ~ 1.00 ref. 1.00 ref.
Diabetic 0.99 (0.92-1.06) 0.26 0.99 (0.92-1.06) 0.40

CI - Confidence Interval, HR - Hazard Ratio.
@ Adjusted for age (as continuous variable) and stage at diagnosis; ref.

increased oncologic parameters: first of all, metformin might have some
anticancer effect. Secondly, patients with diabetes might see the doctor
more often and they can get screened easily with less stigmas.

Few cohort studies demonstrated the positive metformin use effect
in increase of overall survival [9-11]. A study of almost 5000 patients
showed that patients with T2DM and colorectal cancer treated with
metformin as one of their diabetic medications had a survival of 76.9
months compared with 56.9 months in those not treated with met-
formin [9]. A Danish nation-wide cohort study of more than 30,000
patients with colorectal cancer of which 3391 were diagnosed with
diabetes demonstrated that treatment with metformin was associated
with a 15% decreased all-cause mortality compared with insulin-
treated patients [10]. There was no significant difference in all-cause
mortality regarding exposure and dose of metformin. In a study from US
colorectal cancer patients with diabetes, metformin users had a 13%
improved overall survival despite adjustments for diabetes severity and
other risk factors versus patients taking other anti-diabetic medications,
while patients not on any anti-diabetic medications did not differ with
respect to overall survival [11]. However, these studies are hindered by
assessing only all-cause mortality and not cancer specific survival.

Few other small retrospective analyses showed longer cancer spe-
cific survival in diabetes patients using metformin [12-16]. One study
showed that only high-intensity metformin use was associated with a
significant reduction in colorectal cancer-specific mortality (HR 0.44;
95% CI 0.20-0.95) [12]. Lee et al. showed metformin use was asso-
ciated with decreased overall mortality (p = 0.018) and colorectal
cancer-specific mortality (p = 0.042) by univariate analysis [13].
However, individuals in this study were improperly classified as ex-
posed to metformin in the period from cohort entry to first metformin
prescription and therefore these findings have been attributed to im-
mortal time bias. A Singaporean study among 344 colorectal cancer
patients with diabetes detected marked improvements in recurrence-
free survival (HR 0.63; 95% CI, 0.41-0.96) and overall survival (HR
0.23, 95% CI 0.15-0.35) in those exposed to metformin at diagnosis
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Fig. 2. Kaplan-Meier survival curve comparing colorectal cancer-specific survival between diabetic and non-diabetic patients (A), metformin users on metformin

non-users (B).
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Fig. 3. Kaplan-Meier survival curve comparing overall survival between diabetic and non-diabetic patients (A), metformin users on metformin non-users (B).

Table 3

Metformin treatment and colorectal cancer-specific and overall survival.

Unadjusted HR (95% CI)

Colorectal cancer specific survival

Metformin non-users
Metformin users
Overall survival
Metformin non-users
Metformin users

1.00
0.57 (0.48-0.69)

1.00
0.55 (0.48-0.64)

p-value Multivariate-Adjusted” HR (95% CI) p-value
ref. 1.00 ref.

< 0.001 0.77 (0.64-0.93) 0.007
ref. 1.00 ref.

< 0.001 0.75 (0.64-0.87) < 0.001

CI - Confidence Interval, HR — Hazard Ratio.
? Adjusted for age (as continuous variable) and stage at diagnosis; ref.

[14]. Interesting results where shown with 413 patients diagnosed with
colorectal cancer and T2DM [15]. In multivariate analysis, survival
benefit was associated with metformin administration. Furthermore,
subgroup analysis revealed significant differences in colorectal cancer
-specific mortality between the metformin and non-metformin groups
in female patients (HR 0.501; 95% CI. 0.286-0.879, p = 0.013) but not
male patients (HR 0.848; 95% CI, 0.594-1.211, p = 0.365). Recent
study from MD Andersen found that diabetic patients using metformin
had significantly longer overall survival (89 months; 95% CI, 66-112
months) and progression-free survival (47 months; 95% CI, 15-79
months) than patients using other antidiabetic drugs (overall survival:
36 months; 95% CI, 24-48 months; p < 0.001; progression-free sur-
vival: 21 months; 95% CI, 13-29 months; p = 0.016) [16].

Alternatively, in recent study 2066 postmenopausal women with
colorectal cancer were followed for a median of 4.1 years and found no
metformin effect on OS or CS [17]. Similarly, in a study from Ireland
with almost 1200 colorectal cancer patients with T2DM assessed, au-
thors showed no protective association between metformin and survival
in colorectal cancer patients [18]. Others assessed patients using met-
formin, statins and aspirin. Authors found no independent association
between cumulative exposure to metformin, aspirin and overall mor-
tality [19]. In a large prospective randomised controlled study authors
did not find any relationship between metformin use or its duration and
disease-free survival, time to recurrence, and overall survival in a large
cohort of patients with resected stage III colon cancer receiving ad-
juvant FOLFOX (folic acid, fluorouracil, oxaliplatin)-based che-
motherapy [20]. Just recently systematic review and meta-analysis on
metformin as an adjuvant treatment modality for few cancer locations
was published, including colorectal cancer [21]. Authors found that in
those with early-stage colorectal cancer, metformin use was associated
with a significant benefit in all outcomes.

One study suggested that metformin together with conventional
chemotherapy could be an effective treatment regimen for colorectal
cancer patients with T2DM [22].

Our population-based cohort study has several strengths. First, we

used real-world data on prescriptions and diagnoses in primary care
practices where most patients with T2DM are treated. Second, we could
study a large number of colorectal cancer cases in a longitudinal, well-
established, and validated database. Due to the recording of individual
prescriptions by the General Practitioners for reimbursement in the
NHIF database, we were able to stratify use of antidiabetic drugs by
duration of use. Third, extended follow-up for more than 10 years - it
takes at least 10 years for colorectal cancer to develop.

Limitations of our study should not be ignored. First, we have not
assessed the potential confounders such as body mass index, smoking
and drinking status, comorbidities, other drugs used by the patients.
Patients with diabetes tend to have more comorbidities, such as hy-
pertension, ischaemic heart disease, or metabolic syndrome. These
diabetes related complications may also contribute to a higher non-
cancer-specific mortality rate. These confounders could not be ex-
tracted from our database. Although this limitation might be decreased
as in our database the deaths from cancer progression and other factors
are separated. Secondly, users of metformin were compared with never
users of metformin. This makes it difficult to interpret results because
both groups are heterogeneous. In ever users, metformin is often but
not always used as first-line therapy, and it might be combined with
various other diabetes drugs, whereas never users comprise patients
who have never used any diabetes drugs or who use a combination of
any other antidiabetic medications except metformin.

5. Conclusion

In conclusion, this large observational study showed that patients
with T2DM using metformin have higher cancer specific survival
compared with the non-diabetic cancer patients in Lithuanian popula-
tion. However, prospective controlled studies are still needed to eval-
uate the efficacy of metformin as an anti-tumour agent.
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