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Abstract Background: Diabetes mellitus (DM) has been associated with increased colorectal

cancer (CRC) risk and worse prognosis in metastatic CRC patients. In this large, pooled anal-

ysis of non-metastatic colon cancer (CC) patients, we investigated the impact of DM and met-

formin treatment on recurrence and survival.

Patients and methods: A patient-level pooled analysis from three randomised adjuvant trials
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was performed. All patients had resection with curative intent of stage II or III CC and were

treated with standard adjuvant fluoropyrimidine and oxaliplatin (�cetuximab). We investi-

gated the impact of DM and metformin treatment on time to recurrence (TTR) and overall

survival (OS).

Results: Of 5922 CC patients who had a median follow-up of 6.8 years, 621 patients (10.5%)

had DM at CC diagnosis. Of those with DM, 327 patients (52.7%) were defined as metformin

users and 294 patients (47.3%) as non-metformin users. CC patients with DM had a signifi-

cantly shorter TTR (adjHR: 1.21; 95% CI, 1.03e1.42; p Z 0.017) and OS (adjHR: 1.29;

95% CI, 1.09e1.52; p Z 0.003) compared to non-diabetic CC patients. Diabetic CC patients

not receiving metformin had a significantly worse TTR (adjHR: 1.28; 95% CI, 1.02e1.60;

p Z 0.032) and OS (adjHR: 1.41; 95% CI, 1.13e1.77; p Z 0.003) as compared to non-

diabetic patients. These worse outcomes were not significant in metformin users (TTR: adjHR:

1.16; 95% CI, 0.94e1.43; p Z 0.168; OS: adjHR: 1.19; 95% CI, 0.95e1.48, p Z 0.127).

Conclusions: CC patients with DM had not only a significantly worse survival but also TTR.

Furthermore, our data suggest that metformin may attenuate the detrimental effect of DM on

CC patient outcomes.

ª 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Colorectal cancer (CRC) accounts for a large portion of

cancer-related mortality worldwide with around 915 000
new deaths reported in 2020 [1]. Diabetes mellitus (DM)

has been recognised as a risk factor of CRC in the USA

[2]. However, using Global International Diabetes

Federation (IDF) 2015 and GLOBOCAN data, no

linkage was observed between the prevalence of DM

and the incidence of CRC. This raises the question of

whether the country of residency could be associated

with specific risk and protective factors.
The effects of metformin, a first-line drug for treating

type 2 DM patients, on colorectal carcinogenesis are

quite controversial. In vitro studies have demonstrated

that metformin is able to inhibit the Wnt3a/b-catenin
pathway, a pathway important in promoting tumour

progression by facilitating tumour metastasis, angio-

genesis, epithelial-mesenchymal transition and cancer

stem cell formation [3]. However, in clinical studies
where the impact of environmental exposures is not

easily controlled and where different chemotherapeutic

and targeted therapies are prescribed, the effects of

metformin on specific cohorts of diabetic patients may

vary. The most recent meta-analysis by Cheng et al., [4]

demonstrated better overall and cancer-specific survivals

in diabetic metformin users in comparison with non-

metformin users with colon cancer (CC). Nevertheless,
several limitations were present in this meta-analysis due

to the important heterogeneity between the ten included

studies as well as limited adjustment for confounding

variables.

Herein, we strictly limited our study to patients living

in France, Italy and the USA who were diagnosed with

stage IIeIII colon cancer and treated with an
oxaliplatin-based standard adjuvant therapy after sur-

gery. The objectives of our study were to investigate the

impact of DM and metformin use on both recurrence

and survival.

2. Materials and methods

2.1. Patients

Overall, 9440 patients from three randomised phase III

clinical trials (N0147, PETACC8andTOSCA) conducted
between 2004 and 2013 were considered. All patients had

undergone resection of stage II or III colon cancer (CC)

with curative intent and subsequently received adjuvant

therapy consisting of a fluoropyrimidine and oxaliplatin

for either three or six months with or without the anti-

epidermal growth factor receptor (EGFR) antibody

cetuximab. At inclusion, patients completed self-reported

standardised questionnaires with regards to comorbid-
ities and concomitantmedication intake. For this patient-

level pooled analysis, we included all patients with avail-

able information with regard to a history ofDMand anti-

diabetic treatment with metformin. A total of 3518 pa-

tients had to be excluded due to incomplete information

regarding patient self-reported comorbidities and come-

dication. Therefore, 5922 patients were available for this

analysis (Fig. 1).

2.2. Study design and objectives

Within this study, we aimed to investigate the impact of

DM as a primary objective and metformin use as a

secondary objective on recurrence and survival in early

CC patients. Therefore, we compared diabetic versus

non-diabetic patients, diabetic metformin users versus



Fig. 1. Flowchart of patient inclusion (ptx, patients).
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non-diabetic patients and diabetic non-metformin users

versus non-diabetic patients. Patients were defined as

diabetic if a DM was present at enrolment or random-

ization of the study or during adjuvant treatment.

Metformin users were defined as diabetic patients with

active metformin intake during previously described
time points.

2.3. Statistical analysis

The end-points were time to recurrences (TTR), defined

as time from randomization to first relapse or death

linked to disease recurrence. Overall survival (OS) was

defined as time from randomization to death from any

cause or last date of follow-up for patients alive. For

comparisons of baseline characteristics, categorical fac-
tors were compared with the chi-square test and

continuous factors were compared with standard para-

metric or non-parametric tests. Continuous variables are

presented as the mean (SD) and median interquartile

range (IQR). Distributions of TTR and OS were esti-

mated using the KaplaneMeier method. Differences

between groups of patients were compared using log-

rank tests and Cox model stratified by studies. For
testing the impact of DM and metformin use respec-

tively on TTR within different molecular subgroups,

interaction terms were included into the Cox models.

Factors included in the multivariable analyses were

baseline prognostic factors identified in univariable an-

alyses or clinically relevant. Therefore, we adjusted for

the following parameters in the multivariable analyses:

age, ECOG performance status (PS), T-stage, N-stage,
histological grade, location of the primary tumour and

different therapy regimens. The prognostic value of the

different variables was tested by Cox proportional haz-

ard models stratified by studies. Two-tailed p-values
<0.05 were considered to indicate statistical significance.

All statistics were calculated using SAS version 9.4

software (SAS Institute, Cary, NC).

3. Results

3.1. Patients’ characteristics

Overall, 5922 patients with stage IIeIII CC treated by

surgery and adjuvant therapy combining a fluoropyr-

imidine with oxaliplatin were included into this analysis.

Globally, six months of FOLFOX was given to 2647

(44.7%) patients, six months of FOLFOX þ cetuximab
to 2240 (37.8%) patients, three months of FOLFOX to

404 (6.8%) patients, six months of CAPOX to 307

(5.2%) patients and three months of CAPOX to 324

(5.5%) patients. Of these 5922 patients, 621 patients

(10.5%) presented with a history of diabetes (diabetics),

whereas 5301 patients (89.5%) had no diabetes (non-

diabetics) reported. Among diabetic patients, 327/621

patients (52.7%) were metformin users (metformin
diabetics) and 294/621 patients (47.3%) did not report

use of metformin (non-metformin diabetics). The

following patient characteristics were significantly more

frequently observed in diabetic patients: older age

(p < 0.001), male gender (p < 0.001), ECOG perfor-

mance status over 0 (p < 0.001), higher body mass index

(BMI) (p < 0.001), treatment discontinuations

(p < 0.001), presence of cardiovascular disease
(p < 0.001) and hypertension (p < 0.001). Tumour-

associated patient characteristics were generally well

balanced between groups. Patient characteristics are

listed in detail in Table 1. The median follow-up time

was 6.75 years (95% CI: 6.65e6.82).

3.2. Association of DM with survival and recurrence

OS was significantly shorter in diabetic patients

compared to non-diabetic patients (adjHR: 1.29; 95%

CI, 1.09e1.52; p Z 0.003). Patients with DM had a

significantly shorter TTR as compared to patients
without DM (adjHR: 1.21; 95% CI, 1.03e1.42;

p Z 0.017). Corresponding KaplaneMeier curves are

displayed within Fig. 2A, B. Univariable and multivar-

iable analyses are summarised within Table 2.

3.3. Association of metformin use with survival and

recurrence

Non-metformin diabetic patients had a significantly

worse OS compared to non-diabetic patients (adjHR:

1.41; 95% CI, 1.13e1.77; p Z 0.003), but this difference

was not significant for diabetic patients treated with
metformin (adjHR: 1.19; 95% CI, 0.95e1.48;

p Z 0.127). Similarly, TTR was observed to be worse in

non-metformin diabetic patients (adjHR: 1.28; 95% CI,

1.02e1.60; p Z 0.032) compared to non-diabetic



Table 1
Patient characteristics according to non-diabetic patients, metformin diabetics, and non-metformin diabetics (BMI, body mass index; CVD,

cardiovascular disease; dMMR, deficient mismatch repair; ECOG PS, ECOG performance status; HR, hazard ratio; MMR, mismatch repair;

pMMR, proficient mismatch repair; W, Wilcoxon test; X2, chi-squared test).

Non-diabetics Diabetics Total p-value

Non-

metformin

diabetics

Metformin diabetics

(N Z 5301) (N Z 294) (N Z 327) (N Z 5922)

Study n 5301 294 327 5922 X2: <0.0001

N0147 1691 (31.9%) 152 (51.7%) 115 (35.2%) 1958 (33.1%)

PETACC8 2291 (43.2%) 74 (25.2%) 147 (45.0%) 2512 (42.4%)

TOSCA 1319 (24.9%) 68 (23.1%) 65 (19.9%) 1452 (24.5%)

Treatment arm n 5301 294 327 5922 X2: 0.5706

FOLFOX 2733 (51.6%) 154 (52.4%) 164 (50.2%) 3051 (51.5%)

FOLFOX þ
cetuximab

1994 (37.6%) 111 (37.8%) 135 (41.3%) 2240 (37.8%)

CAPOX 574 (10.8%) 29 (9.9%) 28 (8.6%) 631 (10.7%)

Sex n 5301 294 327 5922 X2: 0.0001

Male 2839 (53.6%) 185 (62.9%) 205 (62.7%) 3229 (54.5%)

Female 2462 (46.4%) 109 (37.1%) 122 (37.3%) 2693 (45.5%)

Age n 5301 294 327 5922 W: <0.0001

median 60.00 64.00 65.00 61.00

range (years) 19e86 29e83 41e80 19e86
Baseline BMI n 4381 289 324 4994 W: <0.0001

median 25.81 28.36 28.70 26.13

range (kg/m2) 14.1e57.7 15.5e49.5 18.7e56.4 14.1e57.7

ECOG PS n 5193 288 325 5806 X2: <0.0001

0 4375 (84.2%) 210 (72.9%) 250 (76.9%) 4835 (83.3%)

1 801 (15.4%) 75 (26.0%) 72 (22.2%) 948 (16.3%)

2 16 (0.3%) 3 (1.0%) 3 (0.9%) 22 (0.4%)

3 1 (0.0%) 0 (0.0) 0 (0.0) 1 (0.0%)

T-stage n 5282 294 327 5903 X2: 0.2491

T1/T2 607 (11.5%) 39 (13.3%) 49 (15.0%) 695 (11.8%)

T3 3825 (72.4%) 214 (72.8%) 232 (70.9%) 4271 (72.4%)

T4 850 (16.1%) 41 (13.9%) 46 (14.1%) 937 (15.9%)

N-stage n 5292 294 327 5913 X2: 0.5949

N0 450 (8.5%) 22 (7.5%) 23 (7.0%) 495 (8.4%)

N1 3051 (57.7%) 180 (61.2%) 198 (60.6%) 3429 (58.0%)

N2 1791 (33.8%) 92 (31.3%) 106 (32.4%) 1989 (33.6%)

Histological grade n 5242 293 322 5857 X2: 0.6637

G1/G2 3972 (75.8%) 221 (75.4%) 251 (78.0%) 4444 (75.9%)

G3/G4 1270 (24.2%) 72 (24.6%) 71 (22.0%) 1413 (24.1%)

Location n 5297 294 327 5918 X2: 0.0553

Left colon 2968 (56.0%) 148 (50.3%) 162 (49.5%) 3278 (55.4%)

Right colon 2232 (42.1%) 142 (48.3%) 158 (48.3%) 2532 (42.8%)

Both 97 (1.8%) 4 (1.4%) 7 (2.1%) 108 (1.8%)

Duration of adjuvant

treatment

n 5301 294 327 5922 X2: 0.6994

6 months 4643 (87.6%) 260 (88.4%) 291 (89.0%) 5194 (87.7%)

3 months 658 (12.4%) 34 (11.6%) 36 (11.0%) 728 (12.3%)

Treatment

discontinuations

n 5301 294 327 5922 X2: 0.0009

no 4031 (76.0%) 199 (67.7%) 262 (80.1%) 4492 (75.9%)

yes 1270 (24.0%) 95 (32.3%) 65 (19.9%) 1430 (24.1%)

KRAS status n 3339 203 228 3770 X2: 0.4419

mutant 1136 (34.0%) 64 (31.5%) 85 (37.3%) 1285 (34.1%)

wild type 2203 (66.0%) 139 (68.5%) 143 (62.7%) 2485 (65.9%)

BRAF status n 3156 199 214 3569 X2: 0.2605

mutant 358 (11.3%) 30 (15.1%) 23 (10.7%) 411 (11.5%)

wild type 2798 (88.7%) 169 (84.9%) 191 (89.3%) 3158 (88.5%)

MMR status n 3202 204 220 3626 X2: 0.2912

pMMR 2845 (88.9%) 178 (87.3%) 202 (91.8%) 3225 (88.9%)

dMMR 357 (11.1%) 26 (12.7%) 18 (8.2%) 401 (11.1%)

CVD n 3982 226 262 4470 X2: <0.0001

Not present 3789 (95.2%) 204 (90.3%) 234 (89.3%) 4227 (94.6%)

Present 193 (4.8%) 22 (9.7%) 28 (10.7%) 243 (5.4%)
(continued on next page)
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Fig. 2. KaplaneMeier curves of (A) overall survival (OS) and (B) time to recurrence (TTR) according to diabetic status. KaplaneMeier

curves of (C) OS and (D) TTR according to metformin status. (CI, confidence interval; HR, hazard ratio).

Table 1 (continued )

Non-diabetics Diabetics Total p-value

Non-

metformin

diabetics

Metformin diabetics

(N Z 5301) (N Z 294) (N Z 327) (N Z 5922)

Hypertension n 3982 226 262 4470 X2: <0.0001

Not present 2881 (72.4%) 121 (53.5%) 111 (42.4%) 3113 (69.6%)

Present 1101 (27.6%) 105 (46.5%) 151 (57.6%) 1357 (30.4%)
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patients, but this difference was not significant for dia-

betic patients treated with metformin (adjHR: 1.16; 95%

CI, 0.94e1.43; p Z 0.168). Corresponding

KaplaneMeier curves are displayed in Fig. 2C, D.

Univariable and multivariable analyses are summarised

in Table 3.

3.4. Association of DM with recurrence within distinct

molecular subgroups

As colon cancer is no longer considered as a single

disease but is now divided into different molecular

subtypes, we investigated the impact of DM in patients
with KRAS-wild-type and BRAF-wild-type tumours

(double WT), KRAS-mutant (mut) or BRAF-mut tu-

mours, proficient mismatch repair (pMMR) tumours

and deficient mismatch repair (dMMR) tumours. Mo-

lecular annotation was only available within patients of

the PETACC8 and N0147 study.

KRAS status was available in 3770 patients, and
BRAF status was available in 3569 patients. A total of

1950/3558 patients (54.8%) had double WT tumours,

1203/3558 patients (33.8%) had KRAS-mut tumours

and 405/3558 patients (11.4%) had BRAF-mut tumours.

In patients with double WT tumours, TTR was signifi-

cantly shorter in diabetic patients (HR: 1.31; 95% CI,



Table 2
Effect on (A) overall survival (OS) and (B) time to recurrence (TTR) according to diabetic status. Univariable and multivariable stratified by

study Cox proportional hazard models. (CI, confidence interval; ECOG PS, ECOG performance status; HR, hazard ratio; IF, individual factor;

OS, overall survival; TTR, time to recurrence). Significance is defined by p < 0.05.

A: OS Univariable analysis Multivariable analysis

IF HR (95% CI) p-value HR (95% CI) p-value

Diabetic patients

(ref. non-diabetics)

1.37 (1.17e1.61) <0.001 1.29 (1.09e1.52) 0.003

Age (ref. <70)

�70 years 1.80 (1.58e2.05) <0.001 1.61 (1.41e1.84) <0.001

ECOG PS (ref. 0)

1 1.52 (1.33e1.74) <0.001 1.37 (1.20e1.57) <0.001

>1 4.33 (2.64e7.12) <0.001 3.64 (2.21e6.00) <0.001

T-stage (ref. T1/T2)

T3 2.39 (1.86e3.06) <0.001 2.06 (1.59e2.66) <0.001

T4 4.65 (3.57e6.06) <0.001 3.83 (2.90e5.04) <0.001

N-stage (ref. N0)

N1 1.30 (0.90e1.88) 0.161 1.74 (1.18e2.56) 0.005

N2 2.90 (2.00e4.20) <0.001 3.53 (2.39e5.22) <0.001

Histological grade (ref. G1/G2)

G3/G4 1.55 (1.37e1.75) <0.001 1.23 (1.08e1.40) 0.002

Tumour localization (ref. right)

Left 0.66 (0.59e0.74) <0.001 0.76 (0.67e0.85) <0.001

Both 0.68 (0.42e1.11) 0.120 0.64 (0.38e1.06) 0.084

Therapy regimen

(ref. FOLFOX 6 months)

CAPOX 3 months 0.86 (0.54e1.37) 0.517 0.80 (0.49e1.31) 0.375

CAPOX 6 months 0.80 (0.49e1.29) 0.361 0.86 (0.53e1.40) 0.536

FOLFOX 3 months 1.07 (0.73e1.57) 0.728 1.06 (0.72e1.57) 0.766

FOLFOX þ cetuximab

6 months

1.18 (1.05e1.33) 0.006 1.18 (1.05e1.33) 0.007

B: TTR Univariable analysis Multivariable analysis

IF HR (95% CI) p-value HR (95% CI) p-value

Diabetes patients

(ref. non-diabetics)

1.20 (1.02e1.40) 0.024 1.21 (1.03e1.42) 0.017

Age (ref. <70)

�70 years 1.18 (1.03e1.35) 0.014 1.09 (0.95e1.25) 0.206

ECOG PS (ref. 0)

1 1.25 (1.10e1.42) 0.001 1.16 (1.02e1.33) 0.025

>1 2.70 (1.56e4.67) <0.001 2.44 (1.40e4.23) 0.002

T-stage (ref. T1/T2)

T3 2.31 (1.85e2.89) <0.001 2.10 (1.66e2.65) <0.001

T4 4.66 (3.67e5.91) <0.001 4.20 (3.27e5.38) <0.001

N-stage (ref. N0)

N1 1.41 (1.04e1.90) 0.026 1.90 (1.38e2.60) <0.001

N2 3.14 (2.32e4.26) <0.001 3.90 (2.84e5.37) <0.001

Histological grade (ref. G1/G2)

G3/G4 1.32 (1.17e1.48) <0.001 1.11 (0.99e1.25) 0.082

Tumour localization (ref. right)

Left 0.87 (0.78e0.96) 0.006 0.94 (0.85e1.05) 0.292

Both 0.74 (0.47e1.15) 0.177 0.75 (0.48e1.19) 0.219

Therapy regimen

(ref. FOLFOX 6 months)

CAPOX 3 months 1.11 (0.77e1.60) 0.584 1.08 (0.74e1.57) 0.703

CAPOX 6 months 1.11 (0.77e1.61) 0.568 1.12 (0.77e1.64) 0.559

FOLFOX 3 months 1.28 (0.92e1.78) 0.137 1.26 (0.90e1.76) 0.178

FOLFOX þ cetuximab

6 months

1.04 (0.93e1.16) 0.502 1.03 (0.92e1.16) 0.581
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1.01e1.69; p Z 0.040) compared to non-diabetic pa-

tients (Fig. 3A). TTR in patients with KRAS-mut and

BRAF-mut tumours was not different according to
diabetic status (HR: 1.12; 95% CI, 0.83e1.50; p Z 0.468

and HR: 1.01; 95% CI, 0.60e1.71; p Z 0.968)
(Fig. 3B,C). The interaction between KRAS/BRAF

status and diabetic status was pinteraction Z 0.78. MMR

status was available in 3626 patients. However, 3225/
3626 tumours were classified as pMMR and 401/3626 as

dMMR. While a trend to a worse TTR was observed in



Table 3
Effect on (A) overall survival (OS) and (B) time to recurrence (TTR) according to metformin use. Univariable and multivariable stratified by

study Cox proportional hazard models. (CI, confidence interval; ECOG PS, ECOG performance status; HR, hazard ratio; IF, individual factor;

OS, overall survival; TTR, time to recurrence). Significance is defined by p < 0.05.

A: OS Univariable analysis Multivariable analysis

IF HR (95% CI) p-value HR (95% CI) p-value

Metformin users 1.31 (1.05e1.62) 0.015 1.19 (0.95e1.48) 0.127

Non-metformin users

(ref. non-diabetics)

1.45 (1.16e1.82) 0.001 1.41 (1.13e1.77) 0.003

Age (ref. <70)

�70 years 1.80 (1.58e2.05) <0.001 1.61 (1.41e1.84) <0.001

ECOG PS (ref. 0)

1 1.52 (1.33e1.74) <0.001 1.37 (1.20e1.57) <0.001

>1 4.33 (2.64e7.12) <0.001 3.68 (2.23e6.07) <0.001

T-stage (ref. T1/T2)

T3 2.39 (1.86e3.06) <0.001 2.06 (1.59e2.66) <0.001

T4 4.65 (3.57e6.06) <0.001 3.83 (2.90e5.04) <0.001

N-stage (ref. N0)

N1 1.30 (0.90e1.88) 0.161 1.73 (1.18e2.55) 0.005

N2 2.90 (2.00e4.20) <0.001 3.53 (2.39e5.21) <0.001

Histological grade

(ref. G1/G2)

G3/G4 1.55 (1.37e1.75) <0.001 1.23 (1.08e1.40) 0.002

Tumour localization

(ref. right)

Left 0.66 (0.59e0.74) <0.001 0.76 (0.67e0.85) <0.001

Both 0.68 (0.42e1.11) 0.120 0.64 (0.38e1.07) 0.086

Therapy regimen

(ref. FOLFOX 6 months)

CAPOX 3 months 0.86 (0.54e1.37) 0.517 0.80 (0.49e1.31) 0.377

CAPOX 6 months 0.80 (0.49e1.29) 0.361 0.85 (0.52e1.39) 0.530

FOLFOX 3 months 1.07 (0.73e1.57) 0.728 1.06 (0.72e1.57) 0.769

FOLFOX þ cetuximab

6 months

1.18 (1.05e1.33) 0.006 1.18 (1.05e1.33) 0.007

B: TTR Univariable analysis Multivariable analysis

IF HR (95% CI) p-value HR (95% CI) p-value

Metformin users 1.15 (0.94e1.42) 0.180 1.16 (0.94e1.43) 0.168

Non-metformin users

(ref. non-diabetics)

1.25 (1.00e1.55) 0.047 1.28 (1.02e1.60) 0.032

Age (ref. <70)

�70 years 1.18 (1.03e1.35) 0.014 1.09 (0.95e1.25) 0.204

ECOG PS (ref. 0)

1 1.25 (1.10e1.42) 0.001 1.16 (1.02e1.33) 0.025

>1 2.70 (1.56e4.67) <0.001 2.44 (1.41e4.24) 0.001

T-stage (ref. T1/T2)

T3 2.31 (1.85e2.89) <0.001 2.10 (1.66e2.65) <0.001

T4 4.66 (3.67e5.91) <0.001 4.20 (3.27e5.38) <0.001

N-stage (ref. N0)

N1 1.41 (1.04e1.90) 0.026 1.90 (1.38e2.60) <0.001

N2 3.14 (2.32e4.26) <0.001 3.90 (2.84e5.37) <0.001

Histological grade

(ref. G1/G2)

G3/G4 1.32 (1.17e1.48) <0.001 1.11 (0.99e1.25) 0.081

Tumour localization

(ref. right)

Left 0.87 (0.78e0.96) 0.006 0.94 (0.85e1.05) 0.296

Both 0.74 (0.47e1.15) 0.177 0.75 (0.48e1.19) 0.220

Therapy regimen

(ref. FOLFOX 6 months)

CAPOX 3 months 1.11 (0.77e1.60) 0.584 1.08 (0.74e1.57) 0.704

CAPOX 6 months 1.11 (0.77e1.61) 0.568 1.12 (0.76e1.64) 0.564

FOLFOX 3 months 1.28 (0.92e1.78) 0.137 1.26 (0.90e1.76) 0.179

FOLFOX þ cetuximab

6 months

1.04 (0.93e1.16) 0.502 1.03 (0.92e1.15) 0.586
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Fig. 3. KaplaneMeier curves of time to recurrence (TTR) according to diabetic status in patients with (A) KRAS þ BRAF-wild-type (wt)

tumours (double wt), (B) KRAS-mutated (mut) tumours, (C) BRAF-mut tumours, (D) proficient mismatch repair (pMMR) tumours, and

(E) deficient mismatch repair (dMMR) tumours (CI, confidence interval; HR, hazard ratio).
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pMMR diabetic patients (HR: 1.20; 95% CI, 0.99e1.44;

p Z 0.062), TTR in dMMR patients was not different

between diabetic and non-diabetic patients (HR: 1.01;

95% CI, 0.53e1.89; p Z 0.987) (Fig. 3D,E). The inter-

action between MMR status and diabetic status was

pinteraction Z 0.72.

OS was significantly shorter in diabetic compared to
non-diabetic patients within the double WT (HR: 1.66;

95% CI, 1.28e2.14; p < 0.001), KRAS-mut (HR: 1.50;

95% CI, 1.13e2.00; p Z 0.005) and pMMR subgroup

(HR: 1.55; 95% CI, 1.29e1.86; p < 0.000).

KaplaneMeier curves of OS according to diabetic
status within molecular subtypes are illustrated in

Supplementary Fig. 1.

3.5. Association of metformin use with recurrence within

distinct molecular subgroups

We compared the effect of metformin use in diabetic to

non-diabetic patients on TTR according to molecular
features such as KRAS/BRAF mutational status and

MMR status. When comparing non-diabetic with non-

metformin diabetic patients, a shorter TTR was seen in

diabetic patients when their tumours were double WT



Fig. 4. Forest plots for time to recurrence (TTR) of (A) non-diabetics vs. non-metformin users (Pinteract MMR status Z 0.80; pinteract
KRAS/BRAF status Z 0.61) and (B) non-diabetics vs. metformin users according to molecular tumour characteristics (Pinteract MMR

status Z 0.71; pinteract KRAS/BRAF status Z 0.88) (CI, confidence interval; dMMR, deficient mismatch repair; MMR, mismatch repair;

pMMR, proficient mismatch repair).
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(HR: 0.71; 95% CI, 0.50e1.00; p Z 0.05) and a trend

was observed in patients with pMMR (HR: 0.78; 95%

CI, 0.60e1.0; p Z 0.06; pinteract MMR status Z 0.80;

pinteract KRAS/BRAF status Z 0.61) (Fig. 4A). When

comparing non-diabetic with metformin-taking diabetic

patients, no significant difference in TTR could be

detected within molecular subgroups (pinteract MMR
status Z 0.71; pinteract KRAS/BRAF status Z 0.88)

(Fig. 4B). KaplaneMeier curves of TTR according to

metformin use within molecular subtypes are illustrated

in Supplementary Fig. 2.

OS was significantly longer in patients with double

WT, KRAS-mut and pMMR tumours if they had no

history of diabetes (HR: 0.57; 95% CI, 0.41e0.81;

pZ 0.000; HR: 0.65; 95% CI, 0.43e1.00; pZ 0.020; and
HR: 0.58; 95% CI, 0.45e0.74; p < 0.001, respectively)

compared to non-metformin diabetics, but this differ-

ence was not significant for diabetics treated with met-

formin (HR: 0.90; 95% CI, 0.56e1.44; HR: 0.97; 95%

CI, 0.57e1.65 and HR: 0.80; 95% CI, 0.57e1.12,

respectively). KaplaneMeier curves of OS according to

metformin use within molecular subtypes are illustrated

in Supplementary Fig. 3.

4. Conclusions

Our pooled analysis of randomised clinical trials (RCTs)

assessed the impact of DM on recurrence and survival of

stage II and III CC patients treated by surgery per-

formed with curative intent followed by adjuvant

chemotherapy. We further evaluated the influence on

metformin therapy in these patients.

Within our study, we could demonstrate that DM is

associated with not only an impaired OS probably
caused by DM-related mortality but also a significantly

shorter TTR suggesting a direct association between

DM and cancer recurrence. Within mechanisms under-

lying DM-induced cancer genesis and development,
constant hyperglycemia as present in DM patients leads

to increased levels of insulin as well as subsequently

stimulated production of insulin-like growth factors

(IGFs) [5]. Consequently, several oncogenic pathways

associated with cancer cell growth and angiogenesis are

being activated potentially leading to an enhanced can-

cer risk and progression [6]. In line with that, recent
studies reported an increased risk of 30% for CRC in

patients with DM [7,8]. In a post hoc analysis of a large

randomised trial of metastatic CRC patients, DM was

associated with a significantly shorter PFS [8] in line

with results in other tumour entities pointing into the

same direction [9e11].

To overcome this tumour-promoting effect of DM,

distinct antidiabetic drugs lowering systemic glucose
levels as well as influencing insulin resistance seem of

major interest. Here, metformin acts mainly by reducing

gluconeogenesis in the liver and possibly by enhancing

glucose uptake in the skeletal muscle, which conse-

quently leads to reduced levels of insulin and IGFs [12].

Regarding molecular cancer-protective mechanisms of

metformin, different in vitro and in vivo studies have

been conducted over the last years. Metformin was
described to reduce epithelialemesenchymal transition

(EMT) with an increase of E-cadherin membrane

expression [13,14] via PI3K/Akt/mTOR pathway but

also by repressing the Wnt/beta-catenin pathway, thus

reducing tumour progression by inhibiting tumour

metastasis and angiogenesis [15]. Moreover, systemic

inflammation, which has been well described to promote

cancer progression [16], might also be influenced by
metformin treatment as displayed by lower levels of C-

reactive protein (CRP) and pro-inflammatory cytokines

in metformin-treated patients [17e19]. Finally, in the

specific setting of a population receiving adjuvant

treatment, metformin has been described to potentially

improve 5FU and oxaliplatin efficacy in preclinical

models and may thus enhance the benefit of the
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standard adjuvant 5FU þ oxaliplatin-based chemo-

therapy used in stage III CC [20].

In the present work, the population of patients with

DM who were not receiving metformin treatment had

significantly worse TTR as well as OS. Typically, rea-

sons leading to the use of antidiabetic drugs other than

metformin relate to renal or liver insufficiency. There-

fore, it is likely that patients with DM using medications
other than metformin have an impaired prognosis

compared to DM patients with metformin due to

comorbidities associated with DM. However, the

significantly shorter TTR, which has been obtained

through a multivariate analysis confirming the inde-

pendent poor prognostic value of DM in CC patients if

treated without metformin, supports the theory of an

insulin-related cancer recurrence and even possibly a
tumour-promoting effect mediated by other antidiabetic

drugs. Most interestingly, the use of metformin in DM

patients of our study seems to attenuate the detrimental

effect of DM as highlighted by andalbeit non-sig-

nificantdimproved TTR and OS compared to patients

without metformin treatment. However, according to

previously conducted retrospective and registry-based

trials, the role of metformin in the adjuvant setting re-
mains controversial [21e24]. A positive prognostic ef-

fect of metformin had so far mainly been observed in

large meta-analyses [4,25,26]. However, patient pop-

ulations were extremely heterogeneous and cancer-

specific outcomes often were not investigated. Within

the sub-studies of the N0147 and TOSCA trial included

in this pooled analysis, no significant impact of met-

formin on disease-free survival (DFS), recurrence-free
survival (RFS) and OS could be observed [27,28].

Interestingly, merging this data with another rando-

mised clinical trial within this pooled analysis yielded a

significantly worse TTR in DM patients not treated with

metformin. Increasing the number of patients might

thus overcome the lack of power of smaller previously

published trials assuming that diabetic patients generally

account for around 10% of adjuvant CC populations.
Another very important factor to consider between

diabetic and non-diabetic patients, in general, may

represent adherence to treatment in the curative as well

as palliative setting. Since diabetic patients and espe-

cially those without metformin usually present with a

higher number of comorbidities, chemotherapy-related

toxicities and drug interactions may lead more

frequently to treatment discontinuations as was
observed within the present study as well. Here, an

intensified and interdisciplinary patient follow-up may

be beneficial.

CRC is no longer considered as a single disease en-

tity. From the introduction of RAS assessment to pre-

dict the efficacy of anti-EGFR treatments [29] in the

2010s, we have moved to a current landscape with spe-

cific therapeutic approaches for many different molec-
ular subgroups such as BRAF V600E mutant and
microsatellite instable (MSI) CC patients [30,31]. To our

knowledge, the prognostic implications of metformin

treatment in diabetic patients as compared to diabetic

patients who are not treated with metformin and non-

diabetic patients with regard to tumour molecular pro-

file have never been investigated to date. We thus

decided to analyse the prognostic impact of DM and

metformin use in each specific molecular subtype for the
more than 3500 patients for which molecular annota-

tions were available. We found worse TTR and OS in

diabetic patients with double WT, KRAS-mut and

pMMR tumours (Fig. 3). When looking at patients

resected from a BRAF-mut and/or dMMR tumour,

similar outcomes were found in diabetic and non-

diabetic patients. However, when looking at non-

diabetic patients, metformin-treated diabetic
patients and diabetics patients who did not receive

metformin, the same trends were observed, with a

detrimental effect of DM only in patients who were not

using metformin (Supplementary Fig. 2). Surprisingly,

in KRAS-mut CC patients, we observed similar out-

comes in diabetic patients with or without metformin

use through several pre-clinical studies suggesting an

enhanced anti-cancer effect of metformin in RAS-mut
cell lines [32]. However, this result remains non-

significant and should be tested in larger samples of

patients.

The main strengths of our study are the fact that the

large adjuvant trials that we used had well-defined study

populations, who were treated with standard adjuvant

treatments. The databases have high-quality clinical and

pathological annotations and long follow-up. In addi-
tion, our study includes patients from many western

countries and represents one of the largest cohorts of

early-stage CC patients being investigated for DM and

metformin impacts. The main study limitations are that

information regarding diabetic status and antidiabetic

treatment were assessed retrospectively, without any

possibility to obtain more specific details. Information

about other antidiabetic drugs would have been indeed
of great interest to further evaluate their specific effects.

In addition, the imbalance in treatment discontinuation

observed between metformin users (20%) and non-

metformin users (32%) may also have marginally

impacted our results as complete treatment stop has

been reported to impact both DFS and OS [33]. Further,

the molecular profile of patients was available in only

two out of three trials. Therefore, the number of patients
in some investigated subgroups remains limited.

Within this large, pooled analysis of RCTs

comprising early CC patients, DM was associated not

only with a significantly impaired survival but also TTR

supporting the idea of a tumour-promoting impact of

hyperglycemia or hyperinsulinemia. Metformin may

attenuate the detrimental impact of DM. Further

translational studies to better understand the trans-
lational background of the influence of DM as well as
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metformin and other antidiabetic drugs on cancer gen-

esis are warranted to optimise treatment decisions in this

distinct patient cohort.
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cancer Spectr. févr 2020;4(1):pkz078.

[9] Akhavan S, Ghahghaei-Nezamabadi A, Modaresgilani M,

Mousavi AS, Sepidarkish M, Tehranian A, et al. Impact of dia-

betes mellitus on epithelial ovarian cancer survival. BMC Cancer

12 Déc 2018;18(1):1246.

[10] Mei Z-B, Zhang Z-J, Liu C-Y, Liu Y, Cui A, Liang Z-L, et al.

Survival benefits of metformin for colorectal cancer patients with

diabetes: a systematic review and meta-analysis. PLoS One 2014;

9(3):e91818.

[11] Jing C, Wang Z, Fu X. Effect of diabetes mellitus on survival in

patients with gallbladder Cancer: a systematic review and meta-

analysis. BMC Cancer 24 Juill 2020;20(1):689.

[12] Pernicova I, Korbonits M. Metformin–mode of action and clin-

ical implications for diabetes and cancer. Nat Rev Endocrinol

Mars 2014;10(3):143e56.

[13] Christou N, Perraud A, Blondy S, Jauberteau M-O, Battu S,

Mathonnet M. The extracellular domain of E cadherin linked to

invasiveness in colorectal cancer: a new resistance and relapses

monitoring serum-bio marker? J Cancer Res Clin Oncol 2017;13.

mars.

[14] Wang Y, Wu Z, Hu L. Epithelial-mesenchymal transition

Phenotype, metformin, and survival for colorectal cancer patients

with diabetes mellitus II. Gastroenterol Res Pract 2017;2017:

1e10.
[15] Kamarudin MNA, Sarker MdMR, Zhou J-R, Parhar I. Metfor-

min in colorectal cancer: molecular mechanism, preclinical and

clinical aspects. J Exp Clin Cancer Res 12 Déc 2019;38(1):491.

[16] Iyengar NM, Gucalp A, Dannenberg AJ, Hudis CA. Obesity and

cancer mechanisms: tumor Microenvironment and inflammation.

J Clin Oncol Off J Am Soc Clin Oncol Déc 2016;34(35):4270e6.

[17] Chu NV, Kong APS, Kim DD, Armstrong D, Baxi S, Deutsch R,

et al. Differential effects of metformin and troglitazone on car-

diovascular risk factors in patients with type 2 diabetes. Diabetes

Care Mars 2002;25(3):542e9.

[18] Andrews M, Soto N, Arredondo M. Effect of metformin on the

expression of tumor necrosis factor-a, Toll like receptors 2/4 and

https://doi.org/10.1016/j.ejca.2022.02.005
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref1
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref2
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref2
http://www.spandidos-publications.com/10.3892/mmr.2018.9765
http://www.spandidos-publications.com/10.3892/mmr.2018.9765
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref4
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref5
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref5
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref5
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref6
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref7
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref8
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref9
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref10
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref11
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref12
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref13
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref14
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref15
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref16
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref17
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref17
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref17
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref17
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref17
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref18
http://refhub.elsevier.com/S0959-8049(22)00080-6/sref18


N. Christou et al. / European Journal of Cancer 166 (2022) 100e111 111
C reactive protein in obese type-2 diabetic patients. Rev Med

Chile Nov 2012;140(11):1377e82.

[19] Nath N, Khan M, Paintlia MK, Singh I, Hoda MN, Giri S.

Metformin attenuated the autoimmune disease of the central

nervous system in animal models of multiple sclerosis. J Immunol

Baltim Md juin 2009;182(12):8005e14. 1950.

[20] Nangia-Makker P, Yu Y, Vasudevan A, Farhana L,

Rajendra SG, Levi E, et al. Metformin: a potential therapeutic

agent for recurrent colon cancer. Anant S, éditeur. PLoS One 20
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