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Metformin and aspirin treatment could lead to an improved
survival rate for Type 2 diabetic patients with stage II and III
colorectal adenocarcinoma relative to non-diabetic patients
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Abstract. Metformin, the drug of choice in the treatment of
type 2 diabetes mellitus (DM?2), in addition to aspirin (ASA),
the drug prescribed for cardioprotection of diabetic and
non-diabetic patients, have an inhibitory effect on cancer cell
survival. The present population-based study conducted in the
province of Trieste (Italy), aimed to investigate the prevalence
of DM2 in patients with colorectal adenocarcinoma (CRC)
and survival for CRC in diabetic and nondiabetic patients. All
permanent residents diagnosed with a CRC between 2004 and
2007 were ascertained through the regional health informa-
tion system. CRC-specific and relative survival probabilities
were computed for each group of patients defined by CRC
stage, presence or absence of DM2 treated with metformin,
and presence or absence of daily ASA therapy. A total of
515 CRC patients without DM2 and 156 with DM2 treated
with metformin were enrolled in the study. At the time of CRC
diagnosis, 71 (14%) nondiabetic and 39 (25%) diabetic patients
were taking ASA daily. The five-year relative survival for
stage IIT CRC was 101% [95% confidence interval (CI)=76-126]
in the 18 patients with DM2 treated with metformin and ASA,
55% (95% C1=31-78) in the 23 without DM2 treated with ASA,
55% (95% CI=45-65) in the 150 without DM2 not taking ASA,
and 29% (95% CI=13-45) in the 43 with DM?2 treated with
metformin, however not with ASA. The findings support the
hypothesis of a possible inhibitory effect of metformin and
ASA on CRC cells. Randomized controlled trials are required
to verify this hypothesis.
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Introduction

Diabetes mellitus and colorectal adenocarcinoma (CRC)
are common diseases worldwide (1,2). There is considerable
evidence that people with type 2 diabetes mellitus (DM2) have
an increased risk of developing several cancer types, among
them CRC. Meta-analysis results indicate that diabetic patients
have a 1.3-fold risk of developing CRC as well as a 1.3-fold
risk of dying from it if compared to the general population and
to cancer patients without diabetes, respectively (3,4).

Chronic hyperinsulinemia may increase the risk of cancer
because of the mitogenic and antiapoptotic effect of insulin.
Glucose-lowering therapies have been implicated in modulating
cancer risk in DM2 patients with controversial results (4).
Diabetes medications such as insulin or secretagogues, which
increase circulating insulin levels, have been reported to increase
cancerrisk (5). Conversely, insulin sensitizers such as metformin,
the drug of choice in the DM2 treatment, seem to reduce cancer
risk by decreasing hyperinsulinemia (5). Metformin as well
as acetylsalicylic acid (ASA, aspirin), a drug prescribed for
cardioprotection of patients with or without DM2, also inhibit
the mTOR signalling pathway, which is commonly mutated and
constitutively active in many adenocarcinomas (6). Moreover, a
synergistic or additive inhibitory effect of metformin with ASA
on lung and prostate cancer cell survival due to depletion of
de novo lipogenesis was found by O'Brien at al (7).

This population-based study was aimed at investigating
prevalence of DM2 among CRC patients and survival for CRC
in patients with and without DM2.

Patients and methods

The present study was approved by the Ethics Committee of
the University of Trieste (Report number 37, 10/02/2012) and
was conducted in accordance with the Declaration of Helsinki
protocols. Furthermore, clinical data were available only for
patients who signed an informed consent for research use of
their data.

All permanent residents of the northeastern Italian province
of Trieste (2013 population, 232,000) histologically diagnosed
with a first primary invasive adenocarcinoma of the colon
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(excluding appendix) or of the rectum between January 1,2004
and December 31,2007 were ascertained through the regional
health information system. Cases discovered at autopsy were
excluded from the analyses.

Medical records, pathology reports and the regional health
information system were examined for information on patients
(date of birth, sex, date of last follow-up or death, underlying
and contributing causes of death); on CRC (date and basis of
diagnosis, primary site, histological type, stage according to
the 7th TNM classification (8), type and place of treatments,
local recurrence); on DM2 diagnosed according to the criteria
of the American Diabetes Association (9) and on any other
chronic disease (type, date and basis of diagnosis, treatments).
All diabetic patients had been diagnosed with the disease at
least one year before CRC detection, but we were not able to
precisely quantify the duration of DM2 or of treatment with
antidiabetic drugs and ASA in the majority of patients because
their medical records were incomplete.

Patients were followed-up from the date of CRC diagnosis
to death or December 31, 2013, whichever was the earliest.
None was lost to follow-up. Underlying and contributing causes
of death classified according to the International Statistical
Classification of Diseases, 10th revision (10) were known for
all deceased individuals.

Proportions were compared through Fisher exact test (11).
One-way analysis of variance followed by Scheffé test (11)
were used to examine the significance of the differences
between the mean values of plasma parameters for the four
groups in which participants were allocated according to pres-
ence or absence of DM2 treated with metformin, and presence
or absence of daily ASA therapy.

Two parametric regression survival-time models, i.e.
Gompertz and log-logistic models (12), and Cox propor-
tional-hazards regression model (12) were used to analyse
possible factors affecting mortality from CRC. The test
proposed by Grambsch and Therneau (13) was used to eval-
uate the assumption that hazard ratios in Cox analysis were
proportional over time.

CRC-specific survival probabilities were computed by the
actuarial method (14) for each group of patients defined by
CRC stage, DM2 status, and metformin and ASA use, and were
compared with the logrank test (12). Relative survival prob-
ability (14) of each group of patients was calculated using the
procedure described by Ederer er al (15). Data on the number
of survivors in the province of Trieste between 2004 and 2015
by sex and 5-year age groups were provided by the National
Institute for Statistics (16). Cornfield's formulas (17) were
applied to estimate the limits of the 95% CI of the ratio of two
relative survivals. Chi-square test for heterogeneity (17) was
used to compare relative survival of different patient groups.

For each group of patients, Cox survival curves adjusted
for sex and age at CRC diagnosis were compared with the
likelihood ratio test (12).

Statistical analyses were performed using Stata/SE 12
(StataCorp, College Station, TX, USA).

Results

Between 2004 and 2007 in the province of Trieste a first
primary invasive CRC was diagnosed histologically in

Table I. Number of colorectal adenocarcinoma patients by TNM stages and substages, colorectal subsites, DM2 status, and metformin and ASA use.

Stage IV

Stage III

Stage 11

Total

A

Total

Total

A

Stage I

Subsite®

Metformin ASA

DM2

Patient group

Proximal
Distal

Yes

Yes

Yes

1 (n=39)

13

12

10
10

Proximal

Distal

Yes

No

No

2 (n=71)

15
24

13
18
16
45

17
18
58
82
91

12
13
38
66
64
95

Proximal
Distal

No

Yes

Yes

3 (n=117)

19
65
85
106

20
34
84
54
120

15
21

11
15
20
23

13

11

Proximal
Distal

No

No

No

4 (n=444)

69

24
30

17

11

71
105

12
12

11

16

11

Proximal
Distal

=671)

All patients (n:

128

118

12

“Proximal, caecum, ascending colon, hepatic flexure, transverse colon, splenic flexure. Distal, descending colon, sigmoid colon, rectosigmoid junction, rectum. DM2, type 2 diabetes mellitus. ASA, acetylsalicylic acid.
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Table II. Number of patients with local recurrence of colorectal cancer by TNM stages, DM2, and metformin and ASA use.

Patient group DM2 Metformin ASA Number of patients Stage I Stage II Stage IIT Stage IV
1 Yes Yes Yes Total 8 12 18 1
With local recurrence 1 1 0 0
% 13 8 0 0
2 No No Yes Total 20 22 23 6
With local recurrence 2 0 2 0
% 10 0 9 0
3 Yes Yes No Total 28 35 43 11
With local recurrence 3 1 5 0
% 11 3 12 0
4 No No No Total 118 140 150 36
With local recurrence 7 18 20 2
% 6 13 13 6
All patients Total 174 209 234 54
With local recurrence 13 20 27 2
% 7 10 12 4

DM2, type 2 diabetes mellitus; ASA, acetylsalicylic acid.

690 individuals, 175 of whom were identified as having DM2.
At the time of CRC diagnosis, 156 DM2 patients had been
under treatment with metformin (105 with metformin only
and 51 in association with sulphonylureas, meglitinides or
incretin mimetics), 6 with insulin, 4 with meglitinides, 3 with
sulphonylureas and 6 with diet alone.

The present study enrolled the 515 CRC patients without
DM2 (282 males and 233 females) and the 156 with DM2
treated with metformin (102 males and 54 females). The
proportion of males and females in these two groups differed
significantly (P=0.02).

At the time of CRC diagnosis, 71 (14%) patients without
DM2 and 39 (25%) with DM2 were taking ASA daily. The
proportion of patients taking ASA differed significantly
between diabetics and non-diabetics (P=0.002).

The 39 patients (27 males and 12 females) with DM2 and
treated with metformin and ASA (Group 1), and the 71 patients
(44 males and the 27 females) without DM2 and treated with ASA
(Group 2) showed a median age at CRC diagnosis of 77 years
(Group 1: 25th-75th percentile=71-83; Group 2: 25th-75th
percentile=69-82). The median age at diagnosis among the
117 patients (75 males and the 42 females) with DM2 treated with
metformin but not with ASA (Group 3) was 73 years (25th-75th
percentile=67-78), and it was 71 (25th-75th percentile=63-78)
in the 444 patients (238 males and 206 females) without DM?2
and not taking ASA (Group 4). The non-parametric test for
trend (18) showed that age at CRC diagnosis tended to decrease
significantly across the four patient groups (P<0.0001).

Of the 671 adenocarcinomas 654 were not otherwise
specified, 8 mucinous, 6 in adenomatous polyp and 3 in
tubulovillous adenoma. No adenocarcinomas in adenomatous
polyps and/or in tubulovillous adenoma were found in the
patients belonging to the previously described Groups 1 and 2,
and no mucinous ones were diagnosed in Group 4 patients.
However, the distribution of the histological types among the
four groups of patients did not differ statistically.

A total of 221 adenocarcinomas (33%) were within
the left-sided colon: 133 in the sigmoid colon, 70 in the

descending colon and 18 in the splenic flexure. There
were 218 (32%) right-sided lesions: 133 in the ascending
colon, 46 in the caecum and 39 in the hepatic flexure. One
hundred and forty-one lesions (21%) arose in the rectum,
52 (8%) in the rectosigmoid junction and 39 (6%) in the trans-
verse colon.

Distribution of patients by group, colorectal subsite, and
TNM stage and substage for CRC is shown in Table 1. No
statistically significant differences were found among the four
groups.

All patients had been treated in the three hospitals of the
province of Trieste according to up-to-date therapy protocols.
All stage I, IT and III cancers had undergone potentially
curative treatments.

Local CRC recurrence was experienced by 62 patients
(9%) (Table II): 5, 6, 8 and 11% among patients belonging
to respectively Groups 1, 2, 3 and 4. The proportion of local
recurrences did not differed statistically across the four patient
groups.

Table III shows the mean values of four admission plasma
parameters. Patients belonging to Group 3 showed a mean value
of glucose and triglycerides significatively higher than those
belonging to the other three groups and than those belonging
to Groups 2 and 4, respectively. Total cholesterol and HDL
cholesterol were higher in Group 2 with a statistically signifi-
cant difference between Groups 2 and 3 for HDL cholesterol.

Of the 515 CRC patients without DM2, 339 (66%) suffered
from 494 chronic diseses other than CRC: 1 chronic disease in
217 patients,2in 99,3 in 15,4 in 6 and 5 in 2 patients. The two most
frequent categories of comorbidities were cardiovascular diseases
(287 patients, 56%) and invasive malignant tumours (103 patients,
20%). The most frequent malignancy was prostate cancer among
males (32 patients) and breast cancer among females (13 patients).

Other than CRC and DM2 229 chronic diseases were
detected in 142 out of 156 diabetic patients (91%): 1 chronic
disease in 79 patients, 2 in 43, 3 in 16, and 4 in 4 patients.
Cardiovascular disases (135 patients, 87%) and invasive
cancers (38 patients, 24%) were the two most frequent disease
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Table III. Mean values of admission plasma parameters of the 671 study participants by patient groups.

Mean value of admission plasma parameter (mg/dl)

Patient group DM2 Metformin ASA Glucose* SD Triglycerides® SD Total cholesterol SD HDL cholesterol* SD
1 (n=39) Yes Yes Yes 97 135 185 46
22 62 46 16
2 (n=71) No No Yes 93 106 188 53
12 34 46 18
3 (n=117) Yes Yes No 107 140 185 46
22 84 52 15
4 (n=444) No No No 94 113 187 50
13 54 60 16

*Group 1 vs. group 3: P=0.01. Group 2 vs. group 3: P<0.0001. Group 3 vs. group 4: P<0.0001. "Group 2 vs. group 3: P=0.003. Group 3 vs. group 4: P<0.0001. ‘Group 2 vs. group 3:

P=0.02. DM2, type 2 diabetes mellitus; ASA, acetylsalicylic acid; SD, standard deviation.

Table I'V. Chronic diseases other than colorectal cancer and DM2 diagnosed in the 671 study participants by patient groups.

Patient group®

Disease category (ICD-10 codes)® 1 (n=39) 2 (n=71) 3 (n=117) 4 (n=444)
Invasive malignant neoplasms (C00-C17, C18.1, C21-C96) Number 9 19 29 84
% 23 27 25 19
Diseases of the blood and disorders involving the immune mechanism (D50-D89) Number 1 1 1 6
% 3 1 1 1
Endocrine, nutritional and metabolic diseases (E00-E10, E15-E90) Number 2 3 7 12
% 5 4 6 3
Mental and behavioural disorders (FO0-F99) Number 0 3 3 7
% 0 4 3 2
Diseases of the nervous system (G00-99) Number 0 0 2 6
% 0 0 2 1
Diseases of the circulatory system (I00-199)° Number 32 37 103 250
% 82 52 88 56
Diseases of the respiratory system (J00-J99)¢ Number 8 5 6 23
% 21 7 5 5
Diseases of the digestive system (K00-K99) Number 0 2 4 12
% 0 3 3 3
Diseases of the musculoskeletal system and connective tissue (M00-M99) Number 0 1 1 3
% 0 1 1 1
Diseases of the genitourinary system (NOO-N99)° Number 7 7 14 13
% 18 10 12 3

‘DM2: Yes, metformin: Yes, ASA: Yes. Group 2: DM2: No, metformin: No, ASA: Yes. Group 3: DM2: Yes, metformin: Yes, ASA: No. Group 4: DM2: No, metformin: No, ASA:
No. "ICD-10: International Statistical Classification of Diseases, 10th revision (10). “Group 1 vs. group 2: P=0.002. Group 1 vs. group 4: P=0.002. Group 2 vs. group 3: P<0.0001.
Group 3 vs. group 4: P<0.0001. ‘Group 1 vs. group 3: p=0.007. Group 1 vs. group 4: P=0.002. *Group 1 vs. group 4: P<0.0001. Group 2 vs. group 4: P=0.01. Group 3 vs. group 4:

P<0.0001. DM2, diabetes mellitus; ASA, acetylsalicylic acid.

categories. Prostate cancer (8 patients) and breast cancer
(5 patients) were the most frequent malignancies among males
and females, respectively.

Table IV shows the distribution of chronic diseases other
than CRC and DM2 among the four patient groups. Diabetic
patients belonging to Groups 1 and 3 had a significantly
higher proportion of cardiovascular diseases and genitouri-
nary system diseases, namely chronic kidney disease, than
nondiabetic patients (87 vs. 56%, P<0.0001 and 13 vs. 4%,
P<0.0001, respectively). Moreover, a significantly higher
proportion of respiratory system diseases was found among
patients belonging to Group 1 compared with those belonging
to Groups 3 (P=0.007) and 4 (P=0.002).

Cox proportional-hazards regression analysis (Table V)
showed that factors resulted in a higher hazard and
therefore a shorter survival time controlling for the
other factors were CRC stage [hazard ratio (HR)=1.98,
95% CI=1.67-2.34, P<0.0001], admission plasma
HDL cholesterol lower than 40 mg/dl (HR=1.41, 95%
CI=1.02-1.95, P=0.04), patient group (HR=1.21, 95%
CI=1.03-1.44, P=0.02) and age at CRC diagnosis
(HR=1.04, 95% CI=1.02-1.05, P<0.0001). However, after
testing the proportional hazard assumption, i.e. the null
hypothesis of a zero slope in the regression, the assumption
held for a model with covariates CRC stage and patient
group (x*=0.79, degrees of freedom=2, P=0.7). Gompertz and
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Table V. Cox proportional-hazards regression analysis of possible factors affecting mortality from CRC among the 671 study

participants.
Factors Hazard ratio 95% CI P-value
CRC stage 1.98 1.67-2.34 <0.0001
Stage 11 1.24 0.79-1.94 04
Stage 111 2.70 1.81-4.04 <0.0001
Stage IV 6.94 4.14-11.63 <0.0001
Number of comorbidities 1.94 0.58-6.51 0.3
Local recurrence of CRC (0=no, 1=yes) 1.49 0.99-2.23 0.06
Sex (1=male, 2=female) 1.22 091-1.63 02
Patient group® 1.21 1.03-1.44 0.02
Group 2 3.12 1.22-8.00 0.02
Group 3 3.83 1.58-9.29 0.003
Group 4 337 1.44-7.89 0.005
CRC subsite® (1=proximal, 2=distal) 1.05 0.79-1.39 0.8
Age at CRC diagnosis (years) 1.04 1.02-1.05 <0.0001
CRC-directed therapy® 1.03 0.88-1.21 0.7
Admission plasma glucose (mg/dl) 1.01 0.99-1.02 0.1
=100 1.00 0.72-1.39 1.0
Admission plasma total cholesterol (mg/dl) 1.00 0.99-1.00 0.6
200-239 0.76 0.51-1.12 02
=240 0.79 0.49-1.26 0.3
Admission plasma triglycerides (mg/dl) 1.00 0.99-1.00 0.7
150-199 1.07 0.64-1.79 0.8
=200 0.80 043-151 0.5
Admission plasma HDL cholesterol (mg/dl) 0.98 0.97-0.99 0.005
<40 141 1.02-1.95 0.04
Comorbidity (0=no, 1=yes) 0.96 0.50-1.85 09
Diseases of the genitourinary system (0=no, 1=yes) 0.96 0.30-3.05 09
Endocrine, nutritional and metabolic disease other than type 2 diabetes mellitus (O=no, 1=yes) 0.67 0.21-2.12 05
Invasive malignant neoplasms other than CRC (0=no, 1=yes) 0.61 0.18-2.02 04
Diseases of the digestive system (O=no, 1=yes) 0.60 0.16-2.23 04
Diseases of the circulatory system (0O=no, 1=yes) 0.57 0.17-1.98 04
Diseases of the blood and disorders involving the immune mechanism (O=no, 1=yes) 047 0.11-2.06 03
Diseases of the respiratory system (0=no, 1=yes) 0.44 0.13-1.51 02
Diseases of the nervous system (0=no, 1=yes) 043 0.09-2.05 03
Mental and behavioural disorders (O=no, 1=yes) 0.43 0.08-2.25 03
Diseases of the musculoskeletal system and connective tissue (O=no, 1=yes) 0.24 0.02-2.52 0.2

‘DM2: Yes, metformin: Yes, ASA: Yes. Group 2: DM2: No, metformin: No, ASA: Yes. Group 3: DM2: Yes, metformin: Yes, ASA: No. Group 4: DM2: No, metformin: No, ASA: No.
"Proximal: caecum, ascending colon, hepatic flexure, transverse colon, splenic flexure. Distal: descending colon, sigmoid colon, rectosigmoid junction, rectum. *1=surgery, 2=surgery
and radiotherapy, 3=surgery and chemotherapy, 4=surgery, radiotherapy and chemotherapy. CRC, colorectal adenocarcinoma; DM2, type 2 diabetes mellitus; ASA, acetylsalicylic acid.

log-logistic analyses produced results similar to those reported
in Table V.

Five-year CRC-specific and relative survival probabili-
ties stratified by TNM stages and patient groups are shown
in Table VI. Cancer-specific survival for stage III CRC was
significantly higher in the 18 diabetic patients treated with
metformin and ASA (Group 1) than in the 43 diabetic patients
treated with metformin but not ASA (Group 3) (P=0.008),
and in the 150 nondiabetic patients not taking ASA (Group
4) (P=0.03). Patients belonging to Group 1 with stage III
CRC showed a five-year relative survival 3.5-fold higher (95%
CI=1.4-8.3, P=0.003) than those belonging to Group 3. On the
other hand, the ratio of relative survivals between Group 2 and
Group 4 patients with stage III CRC was 1.0 (95% CI=0.5-1.9,
P=0.8). To a lesser extent, five-year cancer-specific and relative
survivals for stage II CRC were better in DM2 patients on
metformin and aspirin therapy compared with Groups 2, 3

and 4. However, survival was similar across the four Groups
for stages I and IV. No statistically significant differences
in five-year CRC-specific and relative survival probabilities
between males and females belonging to the same Groups
were found across the four TNM stages.

For each TNM stage and for each patient group,
CRC-specific survival curves adjusted for sex and age at
diagnosis are shown in Fig. 1. It was possible to draw survival
curves for TNM substages ITA and IIIB only (Fig. 2) because
of the small number of patients classified in the other substages
(Table I). Survival for stage III CRC was significantly higher
among patients belonging to Group 1 than among those
belonging to Group 2 (P=0.04), Group 3 (P=0.004) and
Group 4 (P=0.01). The same was true for stage I1IB (Fig. 2). A
not statistically significant higher survival for stages II (Fig. 1)
and ITA (Fig. 2) was shown by Group 1 patients compared
with those of the other three groups.
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Table VI. Number of CRC patients, number of deaths due to CRC and to any cause, actuarial 5-year CRC-specific and relative survival probabilities, by TNM stages, type 2 diabetes

mellitus status, and metformin and acetylsalicylic acid use.

Stage IV

Stage III

Stage II

Stage I

Survival, 5-year (%)

No. of deaths

Survival, 5-year (%)

No. of deaths

Survival, 5-year (%)

No. of deaths

Survival, 5-year (%)

No. of deaths

Relative
(95% CI) (95% CI)

Specific

All

causes

Relative®

Specific*
(95% CI) (95% CI)

All

CRC causes

Relative

(95% CI) (95% CI)

All Specific

CRC causes

Relative

Specific
(95% CI) (95% CI)

All

causes

Patient
group

CRC

n n

n

n CRC

ASA

DM2 Metformin

101
(76-126)

83
(56-94)

109 18

(74-145)

91
(52-99)

73 12

(22-123)

80
(20-97)

39) Yes Yes Yes

1 (n

)

23
(0-64)

Q)
20
(1-59)

6

55
(31-78)

57
(33-75)

23 10 15

76
(47-104)

69
(43-85)

11

106 22

(79-133)

90
(66-97)

No No Yes 20

2 (n=71)
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25
(0-56)

29
(6-58)

11

29
(13-45)

44
(26-60)

36

73 62 43 20
(43-81)

76 75 35 19
(53-97) (54-85)

(54-88)

Yes Yes No 28 15

3 (n=117)

13
(1-26)

36 21 34 25
(10-44)

55
(45-65)

55
(47-63)

92

65

150

85
(75-94)

80
(72-86)

140 32 53

89
(79-99)

81

(76-90)

40

23

118

No No No

4 (n=444)

16
(5-27)

54 33 50 25
(12-39)

54
(47-62)

56
(49-63)

234 98 149

82
(74-90)

48 88 78
(72-83)

209

88
(79-96)

82
(75-87)

34 67

174

All patients
(n=671)

0.06. CRC,

1.8 (95% CI=1.0-3.3), P:

0.003. Relative survivalg,,, /Relative survivalg,, s

3.5 (95% Cl=1.4-8.3), P:

0.03. *Relative survivalg,,, /Relative survivalg,, s

=0.008. Group 1 vs. group 4: P=

0.05. Group 1 vs. group 3: P:
colorectal adenocarcinoma; DM2, type 2 diabetes mellitus; ASA, acetylsalicylic acid.

*Group 1 vs. group 2: P:

Discussion

We carried out an observational study on colorectal cancer
patients diagnosed between 2004 and 2007 in the Italian prov-
ince of Trieste. Information on the duration of DM2 and on
treatment with antidiabetic drugs and ASA, and on body mass
index (BMI) was limited (for BMI it was available only in 10%
of patients). This missing information is, admittedly, a weak
point in our study since those data would have improved it.
Nonetheless, in the limited number of cases where body mass
index was available, a similar distribution of this index was
observed between diabetic and nondiabetic patients (P=0.3)
(data not shown) in agreement with Rosato et al (19). Our
group of diabetic patients was homogeneous because only
patients treated with metformin were enrolled in the study,
given that the aim of the study was not to compare the efficacy
of metformin with other treatments for DM2.

No statistically significant difference in the proportion of
diabetic and nondiabetic patients was found across the four
TNM stages for CRC in agreement with Siddiqui et al (20)
who reported no differences in stage at presenta-
tion in patients with a well-controlled DM2 and nondiabetic
controls.

A positive association between DM2 and proximal colon
cancer had already been observed, albeit not homogenously, in
several studies (19,21,22), but in our study we were not able to
confirm this in our study. The distribution of colon subsites was
comparable in CRC patients with and without DM2. A possible
explanation could be the selection criterion of DM2 patients
because only those treated with metformin were included.

Increased plasma triglycerides and reduced HDL cholesterol
are the main quantitative lipid abnormalities in diabetic dyslip-
idemia (23). Diabetic patients who take metformin are patients
with more severe diabetes who need pharmacological therapy. In
patients with insulin-resistant diabetes treated with metformin,
there is the so-called atherogenic dyslipidemia, characterized by
fasting hypertriglyceridemia, which is usually associated with
low levels of HDL cholesterol and high levels of small and dense
LDL particles (24). In our study, the values of total and HDL
cholesterol was higher in patients without DM2 taking ASA,
while glucose and triglycerides were higher in DM2 patients
not on ASA treatment. This is a possible consequence of ASA
intake, which lowers plasma triglycerides (25) and suppresses
the abnormal lipid metabolism (26). Higher levels of HDL
cholesterol in nondiabetic patients taking ASA can also be
related to the fact that diabetic patients have significantly lower
levels of HDL than nondiabetic patients (27).

In the present study cardiovascular diseases, malignancies
other than CRC and chronic kidney diseases are the most
frequent comorbidities in DM2 patients in agreement with
other studies (28,29). Diabetes mellitus is, indeed, a major
risk factor for cardiovascular diseases, whose prevalence is
twice as high in males and even four times more frequent in
females (30).

Among the variables affecting survival, CRC stage and
plasma HDL cholesterol lower than 40 mg/dl had a negative
effect on survival. Higher stage at diagnosis is, of course,
related to a worse prognosis. As regards HDL cholesterol, our
data are indirectly supported by Notanicola and colleagues,
who reported that the presence of metastases in CRC patients
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was associated to higher levels of LDL cholesterol over HDL
cholesterol ratio, irrespective of sex and BMI (31). Additionally,
the relationship between Serum Amyloid A and HDL particles
can explain the inverse relationship between HDL cholesterol
levels and cancer (32).

Daily ASA intake has been shown to reduce incidence
and mortality from CRC (33,34). In the present study, the
protective effect of ASA in both diabetic and nondiabetic

patients is suggested by the older median age at CRC diagnosis
of patients taking ASA. However, in agreement with the results
of Din et al (33), no influence of ASA alone on cancer-specific
and relative survival was observed.

Diabetic patients treated with metformin showed a lower
incidence of CRC (35-37) and mortality from CRC (38-40). In
the present study, diabetic patients taking ASA and metformin
have both higher five-year cancer-specific and relative survival
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for stage II and III CRC compared with diabetic patients
not taking ASA and to nondiabetic patients with or without
ASA intake. These results differ from those obtained by
Mei et al (38), Du et al (39) and Ramjeesingh et al (40) who
showed the protective effect of metformin on CRC patient
mortality. On the other hand, Zanders and colleagues (41) did
not find any survival improvement in CRC patients taking
metformin or ASA.

Our results indirectly support the hypothesis of a possible
interaction between ASA and metformin in anticancer activity,
even though those drugs are not labelled for cancer therapy.
O'Brien et al (7) showed that salicylate and metformin reduce
synergistically or additively the clonogenic survival of pros-
tate and lung cancer cells by inhibiting de novo lipogenesis.
Furthermore, the combination of metformin and 5-ASA, which
displays a mechanism similar to ASA in inhibiting COX-2
enzyme, has recently been shown to increase cell death in CRC
cell lines (42). Nonetheless, we cannot exclude the possibility that
metformin alone or in combination with ASA could enhance the
chemotherapeutical activity of 5-fluorouracil (5-FU), since the
major benefit of metformin and ASA was observed in stage 111
CRC patients, who underwent adjuvant 5-FU chemotherapy. A
synergistic effect of metformin in combination with 5-FU on
CRC stem cell proliferation has already been hypothesized (43).

The findings reported are promising but, like all descriptive
epidemiological studies, our study was exploratory and aimed
at generating hypotheses. Therefore, randomized controlled
trials investigating the combined effect of metformin and ASA
on CRC patient survival are needed to confirm or refute our
findings.
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