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Purpose. There is conflicting evidence of the beneficial effect of met-
formin on survival in colorectal cancer (CRC) patients. We therefore per-
formed a retrospective study to assess the association between use of met-
formin and outcomes of CRC patients with concomitant type 2 diabetes
mellitus (T2DM).

Methods. Patients diagnosed with CRC with concomitant T2DM between
January 1, 2006, and December 31, 2015, were identified in the Chang
Gung Research Database. Overall survival and CRC-specific survival
were estimated using the Kaplan-Meier method, and cumulative risks were
compared between groups using the log-rank test.

Results. Atotal of 1673 T2DM patients with newly diagnosed CRC were
included in this study. Overall survival was significantly higher in the
metformin users than in the metformin non-users (hazard ratio [HR],
1.248; 95% CI, 1.1-1.415, p <.001). In subgroup analysis, post-diagnosis
metformin users had better overall survival (HR, 1.718; 95% CI, 1.446-
2.042, p <.001) and CRC-specific survival (HR, 1.489; 95% CI, 1.195-
1.857, p <.001) than metformin non-users.

Conclusions. For T2DM patients with newly diagnosed CRC, the use of
metformin had a protective effect on overall survival. Patients who began
using metformin post-diagnosis also had significantly better overall sur-
vival and CRC-specific survival. These findings support the use of met-
formin as an adjuvant therapy for CRC.

[J Soc Colon Rectal Surgeon (Taiwan) 2022,;33:126-136]

olorectal cancer (CRC) is one of the most com-

mon cancers and a leading cause of mortality
worldwide, accounting for approximately 935,000
deaths in 2020." Epidemiologic studies have identified
several risk factors for CRC,” including a high-fat diet,
sedentary lifestyle, obesity, smoking, and alcoholic
beverage consumption, which have been shown to be
shared with type II diabetes mellitus (T2DM),> which
is the most frequently occurring metabolic syndrome

worldwide. Studies have shown that patients who suf-
fer from T2DM have an approximately 21% to 36%
higher incidence of CRC,*’ and that improving blood
sugar control improved survival in patients with CRC.®
These observational results have generated several
hypotheses: (1) that decreasing high blood sugar asso-
ciated complications, such as renal, retinal, and peri-
pheral neuropathy, improved CRC patient survival;
(2) amelioration of altered metabolism (Warburg ef-
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fect) by tumor, which further inhibits tumor growth;
and (3) repurposing effect of hypoglycemic agents,
which interfere tumor development and progression.
For decades, oral hypoglycemic agents have been
used to control T2DM, markedly improving the con-
venience and compliance of patients’ blood sugar con-
trol. Several groups of drugs are used today, including:

¢ Biguanides (metformin, buformin), which are insu-
lin sensitizers;

e Thiazolidinediones (pioglitazone) and secretago-
gues (glipizide, gliclazide), which increase insulin
secretion from the pancreas;

e Alfa-glucosidase inhibitors (acarbose), which slow
down glucose absorption from the small intestine;

e Glycosurics (glifozins), which increase urine glu-
cose secretion.

The choice of hypoglycemic agent depends on
physician preference and patient factors. However,
with the exception of metformin, most of these hypo-
glycemic agents have been found to be associated with
poorer CRC survival and higher CRC incidence among
T2DM patients.

Metformin is the most commonly used oral hypo-
glycemic drug because it is widely available and inex-
pensive and has a good safety profile.” A number of
studies have reported its chemopreventive effect in
several types of cancers, including CRC.!*!* The me-
chanism underlying its chemopreventive effect is not
well established, but most theories focus on suppres-
sion of cancer stem cells.'* Recent advancements in
molecular biology have seen a shift in our understand-
ing of cancer-cell resistance from homogenous cancer
cells in the entire bulk of tumor, to a heterogeneous,
hierarchical distribution of cancer cells in the tumoral
bulk that allows the cancer to evadecytotoxic, radia-
tion, and immune-therapy treatments. One of the most
important goals of research is therefore the identifica-
tion of cancer stem cells responsible for cancer devel-
opment, progression, metastasis, recurrence, and re-
sistance to multiple therapeutic modalities.

According to previous cohort observational stud-
ies'>!® of patients with T2DM, the incidences of CRC
and rates of recurrence of large colon adenoma were

lower in patients who took metformin for blood sugar
control than in those who did not. These results fur-
ther hinted at the possible role of the effect of T2DM
on the initiation of CRC in terms of its responsibility
for the existence of cancer stem cells. However, sub-
sequent studies showed conflicting results regarding
the effect of metformin on CRC survival.!”?! There-
fore, we performed a retrospective study, using the
Chang Gung Research Database (CGRD), to assess
the association between use of metformin and outcomes
of CRC in CRC patients with concomitant T2DM.

Materials and Methods

The CGRD is derived from the electronic medical
records of all patients from all Chang Gung Memorial
Hospital departments. Patients’ complete medical re-
cords, including medication history, imaging studies,
biochemistry studies, surgery, and co-morbidities, were
all collected. The study group comprised patients with
a history of T2DM controlled by medication at least 6
months prior to the diagnosis of colorectal cancer and
subdivided groups into metformin users before or af-
ter CRC diagnosis. All patients hospitalized between
January 1, 2006, and December 31, 2015, were en-
rolled.

Patients were excluded who (1) had a history of
another type of cancer or metachronous CRC; (2) had
pathologic non-adenocarcinoma; (3) had American
Joint Committee on Cancer Staging Manual, 8" Edi-
tion, stage 0 CRC; (4) were lost to follow-up within 3
months after diagnosis of CRC; or (5) died within 3
months after diagnosis of CRC. All included patients
were followed until December 31, 2019. The primary
endpoint was death from any cause during the study
period. The secondary endpoint was tumor recurrence
at any site during the study period. Metformin user
was defined as a patient with two or more continuous
prescriptions (> 6 months). International Classifica-
tion of Diseases (ICD)-9 (153x or 154x) or ICD-10
(C18x~C20x) were used to screen for CRC-specific
mortality.

Categorical variables were compared using the
Chi-squared test and continuous variables using Stu-
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dent’s ¢ test or Mann-Whitney U test. Overall survival
and CRC-specific survival were estimated using the
Kaplan-Meier method. The log-rank test was used to
compare cumulative risks between groups. Differences
with p values less than .05 were considered statisti-
cally significant. This study was approved by the In-
stitutional Review Board of the Chang Gung Medical
Foundation (202001537B0). All statistical analysis
was conducted using SPSS Version 21.0 (IBM SPSS
Statistics for Windows, Version 21.0; Armonk, NY,
USA).

Results

A total 17,523 CRC patients diagnosed between
January 1, 2006, and December 31, 2015, were identi-
fied, of whom 3977 were excluded by the study’s ex-
clusion criteria. After filtering those with concomitant
T2DM, 3438 CRC patients were enrolled in our study.
Excluding patients without newly diagnosed CRC with
concomitant with T2DM, the final cohort was1673
T2DM patients with newly diagnosed CRC (Fig. 1).
Patient demographic data, categorized by metformin
use, are presented in Table 1. The two groups of pa-
tients were demographically similar, including sex,
body mass index, smoking status, cancer staging, and
Charlson Comorbidity Index (CCI) (Table 1).

During a median follow-up of 3.9 years (Q1-Q3,
0.9-6.1 years), 973 deaths (58.2%) occurred, includ-
ing 579 CRC-specific deaths (34.6%). When grouped

Patients with newly diagnosed CRC
between January 1, 2006 and December 31, 2015
17523

Excluded 3977
History of other cancer
Non-adenocarcinoma
Stage 0 of CRC
Lost follow-up within 3 months
Expired within 3 months after CRC diagnosis

by metformin use, there were 485 deaths (54.9%) and
301 CRC-specific deaths (34.1%) in metformin users,
compared with 488 total deaths (61.8%) and 278 CRC-
specific deaths (35.2%) among metformin non-users.
Overall survival was significantly higher in the met-
formin users than in metformin non-users (hazard ra-
tio [HR], 1.248; 95% CI, 1.1-1.415, p <.001) (Fig.
2a). There were no significant differences in CRC-
specific mortality within each groups (HR, 1.124; 95%
CIL, 0.955-1.323, p = .16) (Fig. 2b).

In subgroup analysis, we divided the metformin
users into two groups by date of CRC diagnosis. There
were no significant differences between pre-diagnosis
metformin users and metformin non-users in overall
survival (HR, 1.015; 95% CI, 0.874-1.178, p = .846)
and CRC-specific survival (HR, 0.953; 95% CI, 0.785-
1.156, p = .623) (Fig. 2¢c, d). In the post-diagnosis
metformin-user group, overall survival (HR, 1.718;
95% CI, 1.446-2.042, p <.001) and CRC-specific sur-
vival (HR, 1.489; 95% CI, 1.195-1.857; p <.001) were
significantly higher than in the metformin non-user
group (Fig. 2e, 2f). The demographic data of the two
groups are presented in Table 2. Metformin non-users
were elderly and had a higher percentage of distant
metastasis and more comorbidity. Multivariate analy-
sis showed distant metastasis to be a confounding risk
factor that decreased overall and cancer-specific sur-
vival (Table 3).

We extracted data for patients with stage II/I11 and
stage IV for further analysis. Both groups were demo-
graphically similar to metformin non-users and users

Type 2 diabetes mellitus
510919

]

Type 2 DM with CRC

3438

[

Newly diagnosed CRC with history of

type 2 diabetes mellitus
1673

Metformin nonusers
790

Metformin users
883

Fig. 1. Flow diagram of selection of T2DM patients with newly diagnosed colorectal cancer.
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Table 1. Patient demographics and baseline clinical characteristics, metformin users vs. metformin non-users

Nonusers (n = 790) Metformin users (n = 883) P
Age 71.8+11.1 71.4+10.1 0.394
Sex 0.155
Male 440 (55.7%) 461 (52.2%)

Female 350 (44.3%)
BMI (kg/m?) 249439

NA 411 (52%)
Smoking

Yes 45 (5.7%)

No 300 (38%)

Quit 62 (7.8%)

NA 383 (48.5%)
T stage

1 55 (7%)

2 62 (7.8%)

3 418 (52.9%)

4 165 (20.9%)

NA 90 (11.4%)
Region lymph node metastasis

Yes 380 (48.1%)

No 327 (41.4%)

NA 83 (10.5%)
Distant metastasis

Yes 227 (28.7%)

No 474 (60%)

NA 89 (11.3%)
Charlson Comorbidity Index (CCI) 6.01£2.2

422 (47.8%)
25.1+44
427 (48.4%)

0.392

0.103
65 (7.4%)
371 (42%)
58 (6.6%)
389 (44.1%)
0.072
72 (8.2%)
68 (7.7%)
488 (55.3%)
190 (21.5%)
65 (7.4%)
0.118
425 (48.1%)
398 (45.1%)
60 (6.8%)
0.063
228 (25.8%)
591 (66.9%)
64 (7.2%)

6.16 £2.1 0.155

p value calculated using y-squared test.

BMI, body mass index; CCI, Charlson Comorbidity Index; NA, not available.

(Table 4). Overall survival of post-diagnosis met-
formin users was significantly higher than for the met-
formin non-users (HR, 1.444; 95% CI, 1.116-1.869; p
<.005 for stage II/I1I; HR, 1.607, 95% CI, 1.202-2.147,
p <.001 for stage 1V) (Fig. 3a, ¢). The CRC-specific
survival of post-diagnosis metformin users with stage
IV CRC was significantly higher than that of the met-
formin non-user group (HR, 1.373; 95% CI, 1.003-
1.88, p =.048) (Fig. 3d).

Discussion

The similarity of risk factors such as sex, age,
high-fat diet, obesity, and sedentary lifestyle between
CRC and T2DM?*?* led researchers to attempt to elu-
cidate the possible shared mechanisms that promote
the occurrence of CRC in T2DM patients. In several

epidemiological studies, the use of hypoglycemic agents
like insulin, sulfonylurea, dipeptidyl peptidase 4 (DPP-
4) inhibitors, and glucose-dependent insulinotropic
peptide (GLP-1) analogs have been reported to be as-
sociated with increased risk of several cancers, in-
cluding CRC. In contrast to these findings, metfor-
min, a biguanide widely used by patients with T2DM,
was reported to decrease the incidence of, and im-
prove survival in patients with, CRC and several other
cancers. Reductions in the incidences of multiple can-
cers, including CRC, in T2DM patients who used met-
formin were demonstrated in a 2005 retrospective epi-
demiologic study conducted in Scotland® as well as
in other studies, where it also played inhibitory roles
in tumor progression; e.g., in angiogenesis, prolifera-
tion, metastasis, and radio-chemotherapy resistance.?¢-*
Most recent meta-analysis®! of 58 articles found that
the use of metformin had reduced 23% of colon ad-
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Table 2. Patient demographics and baseline clinical characteristics, non-users vs.post-diagnosismetformin users

Nonusers (n = 790) Metformin users (n = 381) P
Age 71.8 £ 11.1 69.9+9.8 0.003
Sex 0.211
Male 440 (55.7%) 197 (51.7%)
Female 350 (44.3%) 184 (48.3%)
BMI (kg/m?) 249+39 253+44 0.214
NA 411 (52%) 177 (46.5%)
Smoking 0.061
Yes 45 (5.7%) 25 (6.6%)
No 300 (38%) 170 (44.6%)
Quit 62 (7.8%) 19 (5%)
NA 383 (48.5%) 167 (43.8%)
T stage 0.086
1 55 (7%) 32 (8.4%)
2 62 (7.8%) 38 (10%)
3 418 (52.9%) 190 (49.9%)
4 165 (20.9%) 93 (24.4%)
NA 90 (11.4%) 28 (7.3%)
Region lymph node metastasis 0.056
Yes 380 (48.1%) 168 (44.1%)
No 327 (41.4%) 186 (48.8%)
NA 83 (10.5%) 27 (7.1%)
Distant metastasis 0.043
Yes 227 (28.7%) 78 (20.5%)
No 474 (60%) 276 (72.4%)
NA 89 (11.3%) 27 (7.1%)
Charlson Comorbidity Index (CCI) 6.01£2.2 547+2 <0.001

p value calculated using y-squared test.

BMI, body mass index; CCI, Charlson Comorbidity Index; NA, not available.

Table 3. Overall survival and cancer-specific survival of post-diagnosis metformin users assessed by the Cox regression model

Overall survival Cancer-specific survival
Adjuste.d odds 95% CI Adjuste.d odds 95% CI »
ratio ratio
Male 1.035 0.642-1.669 0.886 0.786 0.459-1.347 0.381
Age 0.945 0.893-1.13 0.11 0.961 0.923-1.061 0.053
BMI 1.01 0.951-1.073 0.742 1.001 0.938-1.068 0.973
Smoke 0.853 0.516-1.409 0.534 1.143 0.505-2.585 0.794
R 0.723 0.251-1.33 0.102 0.831 0.688-1.12 0.097
D 0.83 0.64-0.981 0.041 0.91 0.72-0.989 0.046
Charlson Comorbidity Index (CCI) 1.012 0.885-1.157 0.86 1.1 0.946-1.279 0.215
Post-diagnosis metformin use 1.882 1.47-2.41 <0.001 1.321 1.013-1.721 0.034

BMI, body mass index; D, distant metastasis; R, regional lymph node.

enomas and 39% of advanced colon adenomas. The
24% decrease in the incidence of CRC in metformin
users was statistically significant, as were increases in
overall survival (40%) and CRC-specific survival
(36%).

The underlying mechanisms associated with the
beneficial effects of metformin include the activation
of adenosine monophosphate (AMP) protein kinase
(AMPK),** inhibition of phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (Akt)/mammalian target of
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Table 4. Patient demographics and baseline clinical characteristics of patients with stage II/III and stage IV CRC

Stage 2/3 Stage 4
Nonusers Metformin users Nonusers Metformin users
(n = 369) (n=472) p (n =227) (n=228) P
Age 70.9+10.3 71.3+10.2 0.633 74.1+12.1 72.6 +10.5 0.156
Sex 0.627 0.05
Male 201 (54.5%) 249 (52.8%) 126 (55.5%) 108 (47.4%)
Female 168 (45.5%) 223 (47.9%) 101 (44.5%) 120 (52.6%)
BMI (kg/m?) 24.7+3.5 248+43 0.684 249+4.6 252+45 0.557
NA 162 (43.9%) 195 (41.3%) 120 (52.9%) 122 (53.5%)
Smoking 0.767 0.857
Yes 29 (7.9%) 41 (8.7%) 9 (4%) 13 (5.7%)
No 161 (43.6%) 219 (46.4%) 93 (41%) 92 (40.4%)
Quit 31 (8.4%) 35 (7.4%) 16 (7%) 15 (6.6%)
NA 148 (40.1%) 177 (37.5%) 109 (48%) 108 (47.4%)
T stage 0.56 0.378
1 2 (0.5%) 7 (1.5%)
2 10 (2.7%) 11 (2.3%) 1 (0.4%) 4 (1.8%)
3 251 (68%) 326 (69.1%) 167 (73.6%) 162 (71.1%)
4 106 (28.7%) 128 (27.1%) 59 (26%) 62 (27.2%)
Region lymph node metastasis 0.768 0.364
Yes 200 (54.2%) 251 (53.2%) 206 (90.7%) 200 (87.7%)
No 169 (45.8%) 221 (46.8%) 21 (9.3%) 28 (12.3%)
Charlson Comorbidity Index (CCI) 593+22 6.15+2.1 0.143 6.29+24 63+22 0.972

p value calculated using y-squared test.

BMI, body mass index; CCI, Charlson Comorbidity Index; NA, not available.

rapamycin (mTOR)**-* and insulin-like growth factor

(IGF)-1 signaling pathways.**® AMPK is an energy-
sensing kinase that is activated when intracellular
AMP concentration increases. Metformin activates
liver kinase B-1 (LKB-1), which directs phosphoryl-
ated AMPK to activate AMPK;*” metformin also in-
teracts with intracellular mitochondrial respiratory
chain complex 1,%*% which interferes with the synthe-
sis of ATP and further increases AMP concentration in
cytoplasm. As the AMP/ATP ratio increases, AMPK
is further activated. The activation of AMPK promotes
a shift in cellular metabolism from anabolic to cata-
bolic and further enhances cellular autophagy through
activation of Unc-51-likeautophagy-activating kinase
1 (ULK1).** AMPK activation also inhibits protein
synthesis through the activation of tuberous sclerosis
protein complex 1/2 (TSC1/2), which inhibits them
TOR signaling pathway and intracellular protein syn-
thesis/translation and further arrests the cell cycle and
proliferation.*! Furthermore, AMPK activation also
inhibits the insulin/[LGF-1 receptor pathway and fur-

ther inhibits the PI3K/Akt/mTOR signaling pathways,
which are crucial for CRC tumorigenesis and angio-
genesis.*>* All these mechanisms may explain the in-
hibitory effects of metformin on CRC development
and progression.

Characteristic of T2DM is the decreased sensitiv-
ity of insulin, compared with that of people without
diabetes mellitus, in tissues in which serum insu-
lin/glucose level is substantially elevated. The ele-
vated serum insulin level/hyperglycemia further in-
duces and increases the expression of ILGFs, which in
turn promote tumorigenesis of epithelial cells, as in
CRC,* and the higher incidence of cancer in T2DM
patients maybe explained by this phenomenon. Becker
et al. mention in their review that greatly reduced CRC
survival in T2MD patients has also been observed,*’
and both all-cause mortality and CRC-specific mor-
tality were significantly increased in CRC patients
with T2DM.*® In patients with advanced CRC, those
with comorbid T2DM had poorer survival than non-
diabetic CRC patients. These observational results re-
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vealed worse prognoses in patients who used insulin
or insulin analogs for blood sugar control.*’

These studies demonstrate that T2DM is a nega-
tive prognostic factor in CRC patients. Although us-
ing insulin can improve blood sugar control and lead
to more stable HbA 1C monitoring, insulin and its ana-
logs may further erode CRC survival. In contrast, met-
formin had cancer-protective effects, even off setting
the negative effects of other hypoglycemic agents.
The chemoprotective effect of metformin in CRC pa-
tients is consistent with our results, which showed that
T2DM patients who received metformin therapy had

significantly better overall survival. This effect can
also be seen in patients who use metformin after CRC
diagnosis and treatment. The benefit CRC patients re-
ceived from metformin maybe explained by the inhi-
bitory effect on CRC stem cells. It is believed that
CRC stem cells are responsible for cancer recurrence
and metastasis, as well as for resistance to therapies.
Our results showed that further improvement in CRC-
specific survival after the introduction of metformin
could be a manifestation of metformin’s interference
with the development of CRC stem cells.

This study has several limitations. First, this is a
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non-randomized retrospective study. Second, we had
a limited sample size in a single institution and pre-
sumably mostly non-heterogeneous population with
regard to race/ethnicity, especially in subgroup analy-
sis based on cancer stage and the timing of metformin
use, which may have led to type I errors (false-posi-
tive results). Third, the absence of hemoglobin Alc
surveillance might affect the assessment of diabetes
severity. Fourth, metformin may have been prescribed
before a patient’s first visit to our hospital. Fifth, we
could not know patients’ medication compliance; in
particular, gastrointestinal adverse effects related to
metformin could have reduced compliance.

Conclusion

In the present study, metformin is associated with
significant decrease in overall mortality in T2DM pa-
tients with newly diagnosed CRC. In subgroup analy-
sis, post-diagnosis use of metformin was significantly
associated with higher rates of both overall survival
and CRC-specific survival. Further dividing CRC pa-
tients into stage II/I11 and stage [V groups showed that
metformin users had significantly better overall sur-
vival than metformin non-users. In all comparisons,
the beneficial effect of metformin as adjuvant for CRC
in previous studies can also seen in our results. These
findings support the use of metformin as an adjuvant
treatment for T2DM patients with CRC. We would
like to proceed the prospective randomized study to
further validate these result in the future.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram
I, Jemal A, Bray F. Global cancer statistics 2020: GLOBO-
CAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021.

2. Johnson, et al. Meta-analyses of colorectal cancer risk fac-
tors. Cancer Causes Control 2013;24(6):1207-22.

3. Weiderpass E, Gridley G, Nyren O, Ekbom A, Persson I,
Adami HO. Diabetes mellitus and risk of large bowel cancer.
J Natl Cancer Inst 1997;89(9):660-1.

4. WillJC, Galuska DA, Vinicor F, Calle EE. Colorectal cancer:
another complication of diabetes mellitus? Am J Epidemiol

I1.

12.

13.

15.

16.

19.

20.

1998;147(9):816-25.

Collins KK. The diabetes-cancer link. Diabetes Spectrum
2014.

Guraya SY. Association of type 2 diabetes mellitus and the
risk of colorectal cancer: a meta-analysis and systematic re-
view. World J Gastroenterol 2015.

Susanna C, Larsson NO, Wolk A. Diabetes mellitus and risk
of colorectal cancer: a meta-analysis. Journal of the National
Cancer Institute 2005.

Ferroni P, et al. Prognostic value of glycated hemoglobin in
colorectal cancer. World J Gastroenterol 2016;22(45):9984-93.
Association D. Standards of medical care in diabetes—2019 a
bridged for primary care providers. Clinical Diabetes 2019.

. Pernicova I, Korbonits M. Metformin—mode of action and

clinical implications for diabetes and cancer. Nat Rev Endo-
crinol 2014;10:143-56.

Mohamed Suhaimi NA, Phyo WM, Yap HY, et al. Metformin
inhibits cellular proliferation and bioenergetics in colorectal
cancer patient derived xenografts. Mol Cancer Ther 2017,
16:2035-44.

Evans JM-DL, Emslie-Smith AM, Alessi DR, Morris AD.
Metformin and reduced risk of cancer in diabetic patients.
BMJ 2005;330:1304-5.

Landman GW, Kleefstra N, van Hateren KJ, et al. Metformin
associated with lower cancer mortality in type 2 diabetes:
ZODIAC-16. Diabetes Care 2010;33:322-6.

. Saini N, Yang XH. Metformin as an anti-cancer agent: ac-

tions and mechanisms targeting cancer stem cells. Acta Bio-
chim Biophys Sin 2018;50(2):133-43.

Cho YH, et al. Does metformin affect the incidence of colonic
polyps and adenomas in patients with type 2 diabetes mel-
litus? Intestinal Res 2014;12(2):139-45.

Liu FF, et al. Metformin therapy and risk of colorectal ad-
enomas and colorectal cancer in type 2 diabetes mellitus pa-
tients: a systematic review and meta-analysis. Oncotarget
2017;8:16017-26.

. Kowall B, Stang A, Rathmann W, Kostev K. No reduced risk

of overall, colorectal, lung, breast, and prostate cancer with
metformin therapy in diabetic patients: database analyses from
Germany and the UK. Pharmacoepidemiology and Drug
Safety 2015;24(8):865-74.

. Spillane S, Bennett K, Sharp L, et al. A cohort study of met-

formin exposure and survival in patients with stage I-III co-
lorectal cancer. Cancer Epidemiol Biomarkers Prev 2013;22:
1364-73.

Ki YJ, Kim HJ, Kim MS, et al. Association between met-
formin use and survival in nonmetastatic rectal cancer treated
with a curative resection: a nationwide population study.
Cancer Res Treat 2017;49:29-36.

Liu LY, Wang Z, Lu Y, Chu Y, Li X, Liu Y, Rui D, Nie S,
Xiang H. Metformin therapy and risk of colorectal adenomas
and colorectal cancer in type 2 diabetes mellitus patients: a
systematic review and meta-analysis. Oncotarget 2017;8(9):
16017-26.



Vol. 33, No. 3

Survival Benefits of Metformin for Colorectal Cancer Patients with Diabetes

135

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Mc Menamin UC, Murray LJ, Hughes CM, et al. Metformin
use and survival after colorectal cancer: a population-based
cohort study. Int J Cancer 2016;138:369-79.

Johnson CM, Wei C, Ensor JE, Smolenski DJ, Amos CI,
Levin B. Meta-analyses of colorectal cancer risk factors.
Cancer Causes Control 2013;24:1207-22.

Biggs ML, Mukamal KJ, Luchsinger JA, Ix JH, Carnethon
MR, Newman AB, de Boer IH, Strotmeyer ES, Mozaffarian
D, Siscovick DS. Association between adiposity in midlife
and older age and risk of diabetes in older adults. JAMA2010;
303(24):2504-12.

Reis JP, Loria CM, Sorlie PD, Park Y, Hollenbeck A,
Schatzkin A. Lifestyle factors and risk for new-onset diabe-
tes: a population-based cohort study. Ann Intern Med
2011;155(5):292-9.

Evans JM, Donnelly LA, Emslie-Smith AM, Alessi DR,
Morris AD. Metformin and reduced risk of cancer in diabetic
patients. BMJ 2005;330(7503):1304-5.

Mc Menamin UC, Murray LJ, Hughes CM, Cardwell CR.
Metformin use and survival after colorectal cancer: a popula-
tion-based cohort study. /nt J Cancer 2016;138:369-79.

Lee JH, Kim T, Jeon SM, et al. The effects of metformin on
the survival of colorectal cancer patients with diabetes mel-
litus. Int J Cancer 2012;131:752-9.

Huang WK, Chang SH, Hsu HC, Chou WC, Yang TS, Chen
JS. Postdiagnostic metformin use and survival of patients
with colorectal cancer: a nationwide cohort study. Int J Can-
cer 2020;147:1904-16.

Hirsch HA, Iliopoulos D, Tsichlis PN, Struhl K. Metformin
selectively targets cancer stem cells, and acts together with
chemotherapy to block tumor growth and prolong remission.
Cancer Res 2009;69:7507-11.

Jennifer Marx Fernandes, et al. Metformin as an alternative
radiosensitizing agent to 5-fluorouracil during neoadjuvant
treatment for rectal cancer. Dis Colon Rectum 2020;63:918-
26.

Ng CW, Jiang AA, Toh EMS, Ng CH, Ong ZH, Peng S, Tham
HY, Sundar R, Chong CS, Khoo CM. Metformin and colo-
rectal cancer: a systematic review, meta-analysis and meta-
regression. Int J Colorectal Dis 2020;35(8):1501-12.

Rena G, Hardie DG, Pearson ER. The mechanisms of action
of metformin. Diabetologia 2017;60(9):1577-85.

Hay N. The Akt-mTOR tango and its relevance to cancer.
Cancer Cell 2005;8:179-83.

Mallik R, Chowdhury TA. Metformin in cancer. Diabetes Res
Clin Pract 2018;143:409-19.

Rozengurt E, Sinnett-Smith J, Kisfalvi K. Crosstalk between
insulin/insulin-like growth factor-1 receptors and G protein-
coupled receptor signaling systems: a novel target for the
antidiabetic drug metformin in pancreatic cancer. Clin Can-
cer Res 2010;16:2505-11.

Pollak M. Insulin and insulin-like growth factor signalling in

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

neoplasia. Nat Rev Cancer 2008;8:915-28.

Song X, Huang D, Liu Y, Pan X, Zhang J, Liang B. AMP-acti-
vated protein kinase is required for cell survival and growth
in HeLa-S3 cells in vivo. IUBMB Life 2014;66(6):415-23.
Wang Y, An H, Liu T, Qin C, Sesaki H, Guo S, Radovick S,
Hussain M, Maheshwari A, Wondisford FE, O'Rourke B, He
L. Metformin improves mitochondrial respiratory activity
through activation of AMPK. Cell Rep 2019;29(6):1511-
23.e5.

Wheaton WW, Weinberg SE, Hamanaka RB, Soberanes S,
Sullivan LB, Anso E, Glasauer A, Dufour E, Mutlu GM,
Budigner GS, Chandel NS. Metformin inhibits mitochondrial
complex I of cancer cells to reduce tumorigenesis. Elife 2014;
3:202242.

Song YM, Lee YH, Kim JW, Ham DS, Kang ES, Cha BS, Lee
HC, Lee BW. Metformin alleviates hepatosteatosis by restor-
ing SIRT1-mediated autophagy induction via an AMP-acti-
vated protein kinase-independent pathway. Autophagy 2015;
11(1):46-59.

Howell JJ, Hellberg K, Turner M, Talbott G, Kolar MJ, Ross
DS, Hoxhaj G, Saghatelian A, Shaw RJ, Manning BD. Met-
formin inhibits hepatic mTORC1 signaling via dose-depend-
ent mechanisms involving AMPK and the TSC complex. Cel/
Metab 2017;25(2):463-71.

Dallaglio K, Bruno A, CantelmoAR, Esposito Al, Ruggiero
L, Orecchioni S, Calleri A, Bertolini F, Pfeffer U, Noonan
DM, Albini A. Paradoxic effects of metformin on endothelial
cells and angiogenesis. Carcinogenesis 2014;35(5):1055-66.
Kamarudin, et al. Metformin in colorectal cancer: molecular
mechanism, preclinical and clinical aspects. Journal of Ex-
perimental & Clinical Cancer Research 2019;38:491.

Yoon YS, Keum N, Zhang X, Cho E, Giovannucci EL. Circu-
lating levels of IGF-1, IGFBP-3, and IGF-1/IGFBP-3 molar
ratio and colorectal adenomas: a meta-analysis. Cancer Epi-
demiol 2015;39(6):1026-35.

Becker DJ, Iyengar AD, Punekar SR, Kaakour D, Griffin M,
Nicholson J, Gold HT. Diabetes mellitus and colorectal carci-
noma outcomes: a meta-analysis. Int J Colorectal Dis 2020;
35(11):1989-99.

Petrelli F, Ghidini M, Rausa E, Ghidini A, Cabiddu M,
Borgonovo K, Ghilardi M, Parati MC, Pietrantonio F, Sganzerla
P, Bossi AC. Survival of colorectal cancer patients with dia-
betes mellitus: a meta-analysis. Can J Diabetes 2021;45(2):
186-97.€2.

Keum N, Yuan C, Nishihara R, Zoltick E, Hamada T, Marti-
nez Fernandez A, Zhang X, Hanyuda A, Liu L, Kosumi K,
Nowak JA, Jhun I, Soong TR, Morikawa T, Tabung FK, Qian
ZR, Fuchs CS, Meyerhardt JA, Chan AT, Ng K, Ogino S,
Giovannucci EL, Wu K. Dietary glycemic and insulin scores
and colorectal cancer survival by tumor molecular biomar-
kers. Int J Cancer 2017;140(12):2648-56.



136 BEE J Soc Colon Rectal Surgeon (Taiwan) 2022,33:126-136
J/E\ g

S ANKARE M AEEERN R T RE R IR IR B B
BAENHREHEE) — HEEEREmR

FE® P ESR WEE

~EuE SRR BT MBI EE

HAy SRR MR SE e 2 RTASOREN R 1R B AG B AR a0 - E
A SORRAEE R BB o DRI S AR A = Bt 78 R R AR B e AT e LT R B
REETERIRI ARG RS EHERE S HE -

Fidh BAMEFRENIFEERHE - SEIE 2006 £ 1 1 HE 2015 48 12 F 31 H2ETK
i B Rl A 5 AU R R R B AGETT o - INERERENR - e - BREER
fEEL - TERIR Rt o SRR SE0E A E R R/ 8 H A 2 IR X CA_ERYRE
J3 o B IITAE B P SEYI AT B I SEY) R R R8RS B T SR AR AE R SRR -

fask  BPFERE AT o TMlsk T 1673 AE - A5 B A EEAIE R LR 32y L e i
FIEREGL AR - T2 T - 2ETKIG ERG R Z 527 B a6 A BRI [ b
S HEEESIE SRR G BN (A R LR B BB AT -

wmam  AAMHORI ST R T A e LU SR RS B Rl 25— AURE PR Y BB Y 7
EREARN - THEEREGEREZERIREEA -

BRsAR EEIIEREREEE 25 RIBERRE - KIBEBRE - TR -



