Th e Gastrointestinal Cancer

ncologist
Relationship Between Metformin Use and Recurrence and Survival in
Patients With Resected Stage lll Colon Cancer Receiving Adjuvant

Chemotherapy: Results From North Central Cancer Treatment Group
N0147 (Alliance)

PREET PAUL SINGH,? QIAN SHI,® NATHAN R. FOSTER,? AXEL GROTHEY,® SURESH G. NAIR,® EMILY CHAN,® ANTHONY F. SHIELDS,’

RICHARD M. GOLDBERG,? SHARLENE GILL," MORTON S. KAHLENBERG,' FRANK A. SINICROPE, DANIEL J. SARGENT,”" STEVEN R. ALBERTS®
“Division of Oncology, Washington University School of Medicine, St. Louis, Missouri, USA; bAlliance Statistics and Data Center, Mayo Clinic,
Rochester, Minnesota, USA; “Mayo Clinic, Rochester, Minnesota, USA; dLehigh Valley Health Network, Allentown, Pennsylvania, USA;
®Vanderbilt-Ingram Cancer Center, Nashville, Tennessee, USA; fkarmanos Cancer Institute, Wayne State University, Detroit, Michigan, USA;
&The Ohio State University Comprehensive Cancer Center, Columbus, Ohio, USA; hUniversity of British Columbia, British Columbia Cancer
Agency, Vancouver, British Columbia, Canada; iSurgical Oncology Associates of South Texas, San Antonio, Texas, USA

Disclosures of potential conflicts of interest may be found at the end of this article.

"Deceased.

Key Words. Colon cancer * Recurrence ¢ Survival * Metformin ¢ Diabetes mellitus * Adjuvant chemotherapy

/ABSTRACT

Background. Preclinical and epidemiological data suggest that
metformin might have antineoplastic properties against colon
cancer (CC). However, the effect of metformin use on patient
survival in stage Ill CC after curative resection is unknown. The
survival outcomes were comparable regardless of the duration
of metformin use.

Patients and Methods. Before randomization to FOLFOX (folinic
acid, 5-fluorouracil, oxaliplatin) with or without cetuximab, 1,958
patients with stage Ill CC enrolled in the N0147 study completed a
questionnaire with information on diabetes mellitus (DM) and
metformin use. Cox models were used to assess the association
between metformin use and disease-free survival (DFS), overall
survival (0S), and the time to recurrence (TTR), adjusting for
clinical and/or pathological factors.

Results. Ofthe 1,958 patients, 1,691 (86%) reported no history
of DM, 115 reported DM with metformin use (6%), and 152
reported DM without metformin use (8%). The adjuvant
treatment arms were pooled, because metformin use showed

homogeneous effects on outcomes across the two arms.
Among the patients with DM (n = 267), DFS (adjusted hazard
ratio [aHR], 0.90; 95% confidence interval [CI], 0.59-1.35;
p = .60), OS (aHR, 0.99; 95% Cl, 0.65-1.49; p = .95), and TTR
(aHR, 0.87; 95% Cl, 0.56-1.35; p = .53) were not different for
the metformin users compared with the nonusers after
adjusting for tumor and patient factors. The survival outcomes
were comparable regardless of the duration of metformin use
(<1,1-5,6-10, =11 years) before randomization (peng = -64
for DFS, pireng = -84 for OS, and pieng = .87 for TTR). No
interaction effects were observed between metformin use and
KRAS, BRAF mutation status, tumor site, T/N stage, gender, or
age.

Conclusions. Patients with stage Ill CC undergoing adjuvant
chemotherapy who used metformin before the diagnosis of
CC experienced DFS, OS, and TTR similar to those for non-
DM patients and DM patients without metformin use.
The Oncologist 2016;21:1509-1521

Implications for Practice: The present study did not find any relationship between metformin use or its duration and disease-free
survival, time to recurrence, and overall survival in a large cohort of patients with resected stage Il colon cancer receiving adjuvant
FOLFOX (folinic acid, fluorouracil, oxaliplatin)-based chemotherapy. This relationship was not modified by KRAS or BRAF mutation
or DNA mismatch repair status. Metformin use did not increase or decrease the likelihood of chemotherapy-related grade 3 or

higher adverse events.
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INTRODUCTION

Metformin and Outcomes in Stage Ill CC Patients

Colorectal cancer (CRC) is an important public health concern,
because it is the third most common cancer in the United Statesin
both men and women and is responsible for approximately 10%
of all cancer deaths [1]. Several recent clinical trials of novel
targeted agents in the adjuvant setting have failed to improve
survival in patients with colon cancer (CC) [2-4]. Given the recent
lack of advancements in adjuvant therapy, it remainsimportant to
explore other potential agents that might enhance the benefit of
current standard adjuvant regimens.

Metformin is the most widely used antidiabetic drugin the
world, and increasing evidence has shown potential antineo-
plastic effects. Metformin decreases insulin resistance and
indirectly reduces insulin levels, which might explain at least
some of its antitumor properties, given the observation that
insulin promotes cancer cell growth [5]. Also, metformin has
been shown to activate AMP-activated protein kinase (AMPK),
a major sensor of the energy status of a cell, causing inhibition
of the mammalian target of rapamycin (mTOR) pathway.
Metformin also acts through unique AMPK-independent
mechanisms, both leading to reduced tumor growth [5-9]. In
addition, mutant KRAS has been postulated to be a predictor of
cancer cell responsiveness to metformin [10].

Observational studies and meta-analyses have suggested
that metformin use might be associated with a reduced risk of
CRC [11]. In addition, several epidemiological studies have
evaluated the association between metformin use and the
survival of patients with CRC but yielded conflicting results
[12-16]. A large population-based study in Ireland demon-
strated a 31% reduction in all-cause mortality for metfor-
min users versus nonusers, after adjusting for confounders.
In that study, high-intensity exclusive metformin use was
also associated with a significant reduction in CRC-specific
mortality (hazard ratio [HR], 0.44; 95% confidence interval
[CI], 0.20-0.95) [16]. Likewise, a meta-analysis reported a
36% reduction in all-cause mortality and a 34% reduction in
CRC-specific mortality with metformin use compared with
nonuse in CRC patients [17]. However, several other large
retrospective studies have offered inconsistent results and
have not supported an association between overall survival
(0S) in CRC patients and metformin use [12, 13].

Most previous studies were limited by the use of diagnostic
codes for defining CRC, instead of histological confirmation, and
studied heterogeneous populations that included patients with
all stages of CRC. They also lacked details regarding surgery and
the concomitant administration of chemotherapeutic drugs.
None of these studies explored the effect of KRAS or BRAF
mutation status or DNA mismatch repair (MMR) status on the
relationship between metformin use and survival. It is thus
unknown whether a subgroup of patients with CRC according to
the stage or molecular characteristics exists that might benefit
from metformin. To address this gap in knowledge, we examined
the relationship between metformin use and disease-free
survival (DFS), OS, and the time to recurrence (TTR) in a large
cohort of patients with resected, stage Il colon cancer enrolled in
a completed randomized clinical trial of adjuvant chemotherapy.
In addition, we investigated the association between metformin
use and patient outcomes in relation to tumoral KRAS and BRAF
mutation status and MMR status.
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PATIENTS AND METHODS

Study Population

N0147 was a multicenter phase Ill randomized trial led by the
North Central Cancer Treatment Group (NCCTG) in which
patients with resected stage Ill colon cancer were ran-
domly assigned (1:1) to adjuvant treatment with infusional
5-fluorouracil, leucovorin, and oxaliplatin (modified FOLFOX6),
with or without cetuximab [2]. (NCCTG is now part of the
Alliance for Clinical Trials in Oncology.) Eligible patients had
histologically confirmed adenocarcinoma of the colon, at least
one pathologically confirmed positive lymph node, complete
surgical resection performed at least 56 days before random
assignment, and an Eastern Cooperative Oncology Group
(ECOG) performance status of 0—2. Patients with evidence of
metastatic disease, previous or concurrent malignancies,
previous epidermal growth factor receptor inhibitor therapy,
age younger than 18 years, or one of several exclusionary
comorbid conditions at the time of random assignment were
excluded from participation. Between February 10, 2004 and
November 25,2009, 2,686 patients were randomly assigned to
one of the treatment arms. From the self-reported patient
questionnaires, 1,958 patients provided information on any
diagnosis of diabetes mellitus (DM) and metformin use.
Centralized molecular analysis for KRAS mutations, BRAF
V600E mutations, and MMR status was also conducted as a
part of the study. Each participant signed an institutional
review board-approved, protocol-specific informed consent
form in accordance with federal and institutional guidelines.

Exposure Ascertainment

Until a change in protocol in 2008, the participants in N0147
were asked at study enrollment and before randomization to
complete a questionnaire eliciting information on comorbid
conditions, family history of cancer, the use of common
medicines (including metformin), vitamins, and nutritional
supplements, and lifestyle habits (smoking, alcohol use, and
physical activity). Specifically, participants were asked to
report a history of DM and regular use (defined as at least
once a week) of antidiabetic medications, including insulin,
metformin (Glucophage), sulfonylureas (DiaBeta, Diabi-
nese, Glucotrol, or Micronase), or thiazolidinediones (Actos,
Avandia, or Rezulin). Patients who reported antidiabetic
medication use were also asked to reportthe duration of use
(<1year, =1-5 years, =6-10 years, or =11 years).

Tumor Characterization

Colon tumor tissue blocks from the original surgical resection
were obtained for all study participants and sent to Mayo Clinic for
centralized KRAS mutation testing and additional molecular
analyses. DNA isolated from tumor specimens was used to test
for seven mutations in codons 12 and 13 of KRAS exon 2
(TheraScreen; DxS, Manchester, U.K.) and to test for the BRAF
V600E mutation, as previously described [18]. DNA MMR status
was determined by immunohistochemical assessment of three
proteins: hMLH-1, hMSH-2, and hMSH-6 [19]. Patients with
tumors exhibiting a loss of protein expression for any of these
markers were classified as having defective MMR (dMMR).
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Table 1. Patient characteristics stratified by metformin drug usage status
No history of Non-metformin Metformin
Characteristic diabetes (n = 1,691) users (n = 152) users (n = 115) Total (n = 1,958) p value
Treatment, n (%) .25°
Arm A: FOLFOX 854 (50.5) 74 (48.7) 49 (42.6) 977 (49.9)
Arm D: FOLFOX + cetuximab 837 (49.5) 78 (51.3) 66 (57.4) 981 (50.1)
KRAS status, n (%) .27°
Missing 75 6 6 87
Mutant 561 (34.7) 53 (36.3) 46 (42.2) 660 (35.3)
Wild-type 1,055 (65.3) 93 (63.7) 63 (57.8) 1,211 (64.7)
BRAF status, n (%) .72°
Missing 120 10 10 140
Mutant 217 (13.8) 23 (16.2) 14 (13.3) 254 (14.0)
Wild-type 1,354 (86.2) 119 (83.8) 91 (86.7) 1,564 (86.0)
BRAF/KRAS (3 level), n (%) 61°
Missing 126 10 10 146
wtkras/wtbraf 810 (51.8) 69 (48.6) 48 (45.7) 927 (51.2)
mutkras/wtbraf 541 (34.6) 50 (35.2) 43 (41.0) 634 (35.0)
wtkras/mutbraf 214 (13.7) 23(16.2) 14 (13.3) 251 (13.9)
MMR status, n (%) .55°
Missing 74 3 6 83
pMMR 1,415 (87.5) 129 (86.6) 99 (90.8) 1,643 (87.6)
dMMR 202 (12.5) 20 (13.4) 10(9.2) 232 (12.4)
Tumor site, n (%) .04
Missing 25 1 1 27
Right 863 (51.8) 86 (57.0) 72 (63.2) 1,021 (52.9)
Left 803 (48.2) 65 (43.0) 42 (36.8) 910 (47.1)
Tstage, n (%) .95°
Missing 1 0 0 1
T1-T2 243 (14.4) 21 (13.8) 19 (16.5) 283 (14.5)
T3 1,255 (74.3) 113 (74.3) 85 (73.9) 1,453 (74.2)
T4 192 (11.4) 18 (11.8) 11(9.6) 221 (11.3)
No. of lymph nodes, n (%) .54°
1-3 990 (58.5) 96 (63.2) 68 (59.1) 1,154 (58.9)
=4 701 (41.5) 56 (36.8) 47 (40.9) 804 (41.1)
Sex, n (%) .51°
Female 815 (48.2) 72 (47.4) 49 (42.6) 936 (47.8)
Male 876 (51.8) 80 (52.6) 66 (57.4) 1,022 (52.2)
Age (yr) <.01°¢
Mean = SD 57.5*114 61.4 =9.9 61.7 =84 58.1 = 11.2
Median 58.0 63.0 62.0 59.0
Range 19.0-86.0 29.0-83.0 41.0-80.0 19.0-86.0
Histologic grade, n (%) 742
Low-grade 1,258 (74.4) 115 (75.7) 89 (77.4) 1,462 (74.7)
High-grade 433 (25.6) 37 (24.3) 26 (22.6) 496 (25.3)
ECOG performance score, n (%) .01%°
0 1,310 (77.5) 103 (67.8) 81(70.4) 1,494 (76.3)
lor2 381 (22.5) 49 (32.2) 34 (29.6) 464 (23.7)
BMI (kg/m?) < .01P*c
Patients (n) 1,684 152 115 1,951
Mean = SD 28.2 =59 312+ 6.4 329=*73 28.7 £ 6.1
Median 27.3 29.9 31.4 27.7
Range 15.4-57.7 18.4-49.5 21.1-56.4 15.4-57.7
(continued)
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Table 1. (continued)

Metformin and Outcomes in Stage Ill CC Patients

No history of Non-metformin Metformin

Characteristic diabetes (n = 1,691) users (n = 152) users (n = 115) Total (n = 1,958) p value
Race, n (%) .18?

Missing 25 2 27

African American 119 (7.1) 19 (12.5) 7(6.2) 145 (7.5)

Asian 68 (4.1) 4(2.6) 5(4.4) 77 (4.0)

White 1,464 (87.9) 126 (82.9) 99 (87.6) 1,689 (87.5)

Other 15(0.9) 3(2.0) 2(1.8) 20(1.0)

#Chi-square test.
Bstatistically significant.
“Kruskal-Wallis test.

Abbreviations: BMI, body mass index; dMMR, defective DNA mismatch repair; ECOG, Eastern Cooperative Oncology Group; FOLFOX, folinic acid,
5-fluorouracil, oxaliplatin; MMR, DNA mismatch repair; mutkras/wtbraf, KRAS mutant/BRAF wild-type tumor; pMMR, proficient DNA mismatch repair;
wtkras/mutbraf, KRAS wild-type/BRAF mutant tumor; wtkras/wtbraf, KRAS wild-type/BRAF wild-type tumor.

Patients with no loss of expression were classified as having
proficient MMR (pMMR). Assays for tumor characterization were
interpreted without knowledge of the treatment, patient, or
outcome information.

Survival Outcomes

The primary clinical endpoint for the present analysis was DFS,
defined as the time from randomization to the earliest occurrence
of either the first documented colon cancer recurrence or death
from any cause. The secondary endpoints were OS, defined asthe
time from randomization to death from any cause, and the TTR.
The TTR was defined as the time from randomization to the first
documented disease recurrence. Participants who died before
any recurrence were censored at their last disease evaluation
date. On the basis of the consistency of the available follow-up
information, OS and DFS and TTR were censored at 8 and 5 years
after randomization, respectively.

Statistical Analysis

Descriptive statistics were tabulated by metformin use and
compared between groups using the Kruskal-Wallis and chi-
square tests for continuous and categorical factors, respectively.
The distributions of survival outcomes were estimated using the
Kaplan-Meier method [20] and compared between groups using
the log-rank test. Cox regression models [21] were used to
evaluate the adjusted associations between metformin use and
the time-to-event outcomes, adjusting for relevant baseline
factors (age, sex, race, performance status, T/N stage, treatment
arm, body mass index [BMI], histologic grade, tumor location,
KRAS/BRAF mutation status, and MMR status). The potential
differential relationship between metformin use and outcomes
per KRAS/BRAF mutation status and MMR status was tested by
including interaction terms in the Cox models. Logistic regression
analysis was used to evaluate the association between metformin
use and toxicity outcomes.

Because no significant interaction effect was found
between metformin use and treatment assighment on out-
comes (all interaction, p > .39), the analysis was conducted
by poolingthetwo treatments. Based on the total number of
events and ratio of patients between the two groups
(metformin users/nondiabetic = 1:14.7), the study would
be able to detect a minimal effect size with a HR of 1.5 for
DFS, with 80% power at a one-sided a of 0.05. The analyses

©AlphaMed Press 2016

included follow-up data through December 3, 2014 and
were performed using Statistical Analysis Systems, version 9.3
(SAS Institute, Cary, NC, http://www.sas.com). Two-sided
p values less than .05 were considered statistically signif-
icant. All data collection and statistical analyses were per-
formed by the Alliance Statistics and Data Center.

RESULTS

Patient Characteristics According to Metformin Use
The baseline characteristics for study patients classified by DM
and metformin use are presented in Table 1. Of the 1,958
patients, 1,691 (86%) reported no history of DM (nondia-
betics), 115 (6%) reported a history of DM and regular
metformin use (metformin users), and 152 (8%) reported a
history of DM and no metformin use (nonusers) (Fig. 1). The
patients who reported metformin use were older (p < .0001),
had a higher BMI (p <.001), and were more likely to have right-
sided tumors (p = .037) than the nondiabetics and metformin
nonusers. Other patient and tumor characteristics were not
different among the metformin users and nonusers.

Association of Metformin Use With Cancer Recurrence
and Death in Overall Population

After a median follow-up of 6.5 years, 566 of the 1,958
eligible patients had developed recurrence and 526 had died.
Compared with the patients with no history of DM, the patients
with DM as a group had no evidence of differences in DFS
(adjusted [aHR], 1.06; 95% Cl, 0.84-1.35; p = .63), OS (aHR,
1.22; 95% Cl, 0.95-1.57; p = .12), and TTR (aHR, 1.04; 95% Cl,
0.80-1.34; p = .77). No difference was found in DFS (Fig. 2A),
OS (Fig. 2B), or TTR (Fig. 2C) for metformin users or nonusers
compared with non-DM patients, after adjusting for tumorand
patient factors. Within the cohort of DM patients (n = 267),
DFS (aHR, 0.90;95% Cl, 0.59-1.35; p = .60), OS (aHR, 0.99; 95%
Cl,0.65-1.49; p = .95),and TTR (aHR, 0.87; 95% Cl, 0.56-1.35;
p = .53) were not different between the metformin users and
nonusers. Although our study detected a minimal effect size of
a HR of 1.5 for DFS, with 80% power at one-sided « of 0.05, an
inability to detect a true difference owing to a lack of power
would have been an issue if we had observed a large HR (e.g.,
HR, 1.4) without a significant p value. However, the observed
univariate HR of 1.10and aHR of 0.95 for DFS (Fig. 2A) were very
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‘ Total patients randomly assigned in N0147 |

(n=2,686)

!

.

Did not complete patient questionnaire (n = 718)

= Questionnaire not completed due to protocol
changes (n = 562)

Completed patient questionnaire

(n=1,968)

= Questionnaire requested but not completed
(n=156)

Missing diabetic drug
S usage information
(n=10)

r

Patients included in univariate

analyses
(n=1,958)

Y

No History of Diabetes
(n=1,691)

Non-Metformin Users

Metformin Users
(n=152) (n=115)

Figure 1. Derivation of metformin analytic cohort in North Central Cancer Treatment Group phase Ill trial NO147.
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Diabetic Drug Usage Total (Events) 5-year KM (95% Cl) Univariate HR (95% CI) AdJusled HR (95% ClI)
No History of Diabetes 1,691 (544) 0.67 (0.64-0.69) REF
0.1+ Non-Metformin Use 152 (56) 0.61 (0.53-0.69) 23 (0.93-1.62) ( 6-1.54)
Metformin Use 115 (39) 0.65 (0.56-0.74) 1.10 (0.80-1.52) 0.95 (0.67—1.36)
Log-rank p = .3063
0.0 1 Adjusted likelihood ratio p = .6233
® T T T T T
0 1 3 4 5
Time (Years)
Patients at Risk
No History of Diabetes 1,507 1,283 1,164 1,067 916
Non-Metformin Use 126 103 96 88 70
Metformin Use 98 84 74 68 60

Figure 2. Survival outcomes of metformin users, nonusers, and patients without diabetes mellitus from the N0147 trial. Kaplan-Meier
curves of disease-free survival (A), overall survival (B), and time to recurrence (C) after a median follow-up period of 6.5 years. Statistical

significance was measured using the likelihood ratio p value.

Abbreviations: Cl, confidence interval; HR, hazard ratio; KM, Kaplan-Meier; REF, reference value.

close to 1.0; thus, this effect size was not clinically large enough
to claim survival differences among the groups.

We also investigated the effect of the duration of prerandom-
ization metformin use on patient outcomes (Table 2). Recent
metformin use, as reflected by reported use for 1-5 years, did not
lead to statistically significantly improved DFS (aHR, 0.60; 95% Cl,
0.32-1.12), OS (aHR, 0.84; 95% Cl, 0.46-1.55), or TTR (aHR, 0.54;
95% Cl, 0.27-1.07) compared with nonusers (Table 2). Moreover,
an increasing duration of use was not associated with patient

www.TheOncologist.com

outcome (Pireng = .64 for DFS, pireng = .87 for TTR, and pireng = -84

for OS).

Association of Metformin Use and Survival According to
KRAS, BRAF Mutation and MMR Status

Among the 1,958 patients who reported information on
metformin use, 1,812 (92.5%) had data available on KRAS and
BRAF mutation status. Among these patients, 634 (35%) had
KRAS mutant/BRAF wild-type tumors and 251 (13.9%) had

©AlphaMed Press 2016
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Figure 2. Continued.

KRAS wild-type/BRAF mutant tumors. Within this overall
population, the DFS among metformin users and nonusers
was not different, irrespective of the KRAS and BRAF mutation
status (KRAS mutant/BRAF wild type, aHR, 0.90; 95%
Cl, 0.47-1.73; KRAS wild-type/BRAF mutant, aHR, 0.47; 95% Cl,
0.14-1.50; KRAS wild-type/BRAF wild-type, aHR, 0.92; 95% Cl,
0.47-1.80; Pinteraction = -93; Fig. 3A). Also, no difference was seen
in OS or TTR among metformin users and nonusers (Fig. 3B, 3C),
regardless of KRAS/BRAF mutation status.

MMR status was available for 1,875 patients (98%), and
232 (12.4%) of these patients had tumors with dMMR expres-
sion. No evidence was found of a difference in DFS, OS, or TTR
among metformin users and nonusers for both pMMR and
dMMR tumors. (Fig. 3).

Interaction Between Metformin Use and Other
Predictors of Patient Outcome

We evaluated the influence of metformin use on DFS, TTR, and
OS across strata of other predictors of cancer outcome. The
relationship between metformin use and DFS, OS, and TTR was
similaracross the strata of age, treatment arm, histologic grade
(Fig. 3), sex, tumor site, ECOG performance status, Tstage, and
N stage (data not shown).

Relationship Between Metformin Use and Toxicity

We evaluated the influence of metformin use on the occur-
rence of selected grade 3 or higher adverse events (Table 3).
The likelihood of developing any grade 3 or higher adverse
event was not different between metformin users and nonusers
after adjusting for potential confounding factors.

©AlphaMed Press 2016

DiscussION
We did not find any relationship between a history of
metformin use or its duration and DFS, TTR, and OS in this
large cohort of patients with resected stage Ill colon cancer
receiving adjuvant FOLFOX-based chemotherapy. Addition-
ally, the relationship between metformin use and patient
outcome was not modified by KRAS or BRAF mutation status
or MMR status. Metformin use did not increase or decrease
the likelihood of chemotherapy-related grade 3 or higher ad-
verse events. To the best of our knowledge, the present study
is the first to examine the relationship between metformin
use and patient survival in a homogenous cohort of patients
with resected stage Ill colon cancer receiving adjuvant che-
motherapy in the context of a prospective clinical trial.

DM is an established, independent risk factor for CRC, with
a reported 30%—40% higher risk compared with that for
nondiabetic patients [22—-24]. Because metformin might
interact with diverse signaling pathways critical for colon
cancer development and progression, interest has been strong
in defining metformin’s role in the chemoprevention and
treatment of this malignancy in patients with DM. A com-
prehensive meta-analysis evaluating 840,787 patients with
DM identified 13,871 incident CRC cases and showed a
modest, but statistically significant, reduction in the risk of CRC
with metformin use (odds ratio, 0.89; 95% Cl, 0.81-0.99) [11].
However, few studies have addressed the impact of metformin
use on survival among patients with established CRC and have
reported conflicting findings. Cossor et al. found no difference
in CRC-specific survival for metformin users compared with
nonusers among 2,066 postmenopausal women (212 with
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Table 2. Association between duration of metformin use and colon cancer recurrence and mortality stratified by metformin use
duration within cohort of diabetes mellitus patients (n = 267)?

Duration of metformin use (yr)

Outcome 0 <1 1-5 6-10 >11 Prrena Value®
Disease-free survival
Patients at risk (n) 152 17 50 28 13 —
Events (n) 56 4 14 11 7 —
Unadjusted HR (95% Cl) — 0.62 (0.23-1.71)  0.69(0.38-1.24)  1.05(0.55-2.01)  1.56 (0.71-3.42) .39
Adjusted HR (95% Cl) = 0.49 (0.15-1.63) 0.60 (0.32-1.12) 1.04 (0.52-2.08) 1.26 (0.51-3.14) .64
Time to recurrence
Patients at risk (n) 152 17 50 28 13 —
Events (n) 49 4 12 9 5 —
Unadjusted HR (95% Cl) — 0.71(0.25-1.96)  0.67(0.36-1.27)  0.98(0.48-1.99)  1.36(0.54-3.42) .73
Adjusted HR (95% Cl) — 0.54 (0.16-1.82)  0.54(0.27-1.07)  0.97 (0.45-2.08)  0.95(0.33-2.79) .87
Overall survival
Patients at risk (n) 152 17 50 28 13 —
Events (n) 52 5 16 10 5 —
Unadjusted HR (95% Cl)  — 0.86 (0.34-2.16)  0.88(0.50-1.53)  1.03(0.52-2.02)  1.27(0.51-3.19) .70
Adjusted HR (95% Cl) = 0.66 (0.23-1.90)  0.84 (0.46-1.55)  1.09(0.53-2.25)  0.99(0.36-2.77) .84

“Multivariable HRs and 95% Cls were calculated by Cox proportional hazards regression models and were adjusted for age (in years as a continuous

variable), sex, baseline performance status (0 or 1-2), depth of invasion through bowel wall (T1-T2, T3, or T4), number of positive lymph nodes (1-3 or
=4), treatmentarm (FOLFOX [folinic acid, 5-fluorouracil, oxaliplatin] + cetuximab or FOLFOX alone), body mass index (in kg/m? as a continuous variable),
histologic grade (high vs. low), race (African American, Asian, white, other), BRAF/KRAS (wild type for both, mutant KRAS, or mutant BRAF), tumor site (left

or right), and DNA mismatch repair (MMR) status (defective MMR or proficient MMR).

PA linear test for trend was performed by entering the median value of each category of the duration of metformin use as a continuous variable in the

model.

“Only included patients with a history of diabetes and no metformin use.
Abbreviations: Cl, confidence interval; HR, hazard ratio.
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A Metformin Use vs. Non-Metformin Use Events/Total HR (95% CI)' pvalue?

Treatment E

Arm A: FOLFOX —0-;— 276/861 0.89 (0.46-1.70) 72

Arm D: FOLFOX + Cetuximab —0-;— 301/868 0.87 (0.49-1.55) .63
MMR Status 5

dMMR ® E 69/215 0.41 (0.08-2.14) .29

pMMR —0—;— 508/1,514 0.83 (0.53-1.30) 42
BRAF_KRAS ;

mutkras/wtbraf —0;— 224/608 0.90 (0.47-1.73) 76

wtkras/mutbraf —.—;— 95/243 0.47 (0.14-1.50) .20

witkras/wtbraf —Og— 258/878 0.92 (0.47-1.80) .81
Age Group ;

<=50 —e E 130/424 0.46 (0.09-2.42) .36

>50 —QE— 447/1,305 0.82 (0.52-1.27) 37
Histologic Grade E

High Grade —0;— 171/446 0.60 (0.25-1.47) .27

Low Grade —.é— 406/1,283 0.89 (0.54-1.46) .64
Overall —0—;— 57711,729 0.83 (0.54-1.28) 40

T T ; T T T 1
00 05 10 15 20 25 30

Hazard Ratio

T Multivariate HR adjusted for all factors

2 Wald p-value adjusted for all factors

Figure3. Forest plotsshowingtheriskof cancer recurrence and death among metformin usersand nonusers across strata of predictors of
cancer outcome. Forest plots for metformin use vs. non-metformin use for disease-free survival (A), overall survival (B), and time to

recurrence (C).

Abbreviations: Cl, confidence interval; dMMR, defective DNA mismatch repair; FOLFOX, folinic acid, 5-fluorouracil, oxaliplatin; HR,
hazard ratio; mutkras/wtbraf, KRAS mutant/BRAF wild-type tumor; pMMR, proficient DNA mismatch repair; wtkras/mutbraf, KRAS wild-
type/BRAF mutant tumor; wtkras/wtbraf, KRAS wild-type/BRAF wild-type tumor.

DM) with CRC (all stages) in the Women'’s Health Initiative
study [12]. Another cohort study evaluating only stage I-Ill CRC
patients reported that high-intensity metformin use was
associated with a significant reduction in CRC-specific
mortality (HR, 0.44; 95% Cl, 0.20—0.95) [16]. In that cohort
study, metformin exposure (yes vs. no) was defined according
to whether the individual had a supply of metformin available
at any point in the year before the diagnosis of colorectal
cancer. Metformin dosing intensity was calculated as the
proportion of days covered in the year before the diagnosis of
colorectal cancerin which a supply of metformin was available.
This was stratified as “low” or “high” at the median. A single
institution study evaluating 4,758 CRC patients (424 with DM)
found that metformin users had better OS than did dia-
betic patients treated with other diabetic agents, even after
adjustment for covariates (HR, 0.6; 95% Cl, 0.5—0.8) [14]. This

©AlphaMed Press 2016

survival advantage was observed in patients with stage I-11l CRC
but notin patients with stage IV disease. Specifically, in stage 1l
CRC patients, the estimated median OS was significantly longer
at 89.7 months (95% Cl, 54.6—124.8) for metformin users (n =
80) compared with 71.5 months (95% Cl, 63.8—79.2) for non-
metformin users (n = 92; p = .002). Our results might be
different from these studies for several reasons. First, the
patientcohortsin the other studies were database derived and
heterogeneous, including patients with all stages of CRC at
various times from diagnosis, receiving various anticancer
therapy regimens. Our cohort was homogenous and specificto
patients with stage Ill colon cancer, who were undergoing
adjuvant chemotherapy. Second, the comparator arm of “non-
metformin” users was defined differently in the various
studies, with some even including nondiabetic patients in that
group. We have separately analyzed nondiabetic patients and
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B Metformin Use vs. Non-Metformin Use Events/Total HR (95% CI)' pvalue®
Treatment E
Arm A: FOLFOX —;‘— 221/861 1.11(0.57-2.17) .76
Arm D: FOLFOX + Cetuximab —.;— 260/868 0.91 (0.51-1.63) .75
MMR Status 5
dMMR E & 61/215 1.21 (0.19-7.52) .84
pPMMR —0—;— 420/1,514 0.84 (0.54-1.32) .45
BRAF_KRAS
mutkras/wtbraf —':_ 187/608 0.98 (0.51-1.88) .96
wtkras/mutbraf —.—;— 94/243 0.57 (0.18-1.88) .36
wtkras/wtbraf —;— 200/878 0.99 (0.49-2.01) .98
Age Group ;
<=50 L g E 95/424 0.60 (0.10-3.81) .59
>50 —0;— 386/1,305 0.88 (0.56—-1.38) .58
Histologic Grade ;
High Grade 1 157/446 0.98 (0.39-2.44) 97
Low Grade —.—é— 324/1,283 0.86 (0.52-1.43) .56
Overall —‘;— 481/1,729 0.93 (0.60-1.43) 74
T

T
00 05 1.0 15

Hazard Ratio

T Multivariate HR adjusted for all factors

2 Wald p-value adjusted for all factors

Figure 3. Continued.

patients with DM who were not taking metformin. Third, the
distribution of other antidiabetic treatments (that might have
an independent association with CRC outcomes) in the “non-
metformin” users might be dissimilar among the studies.
Several mechanisms exist by which metformin exposure
might exert antineoplastic effects. Experimental data have
indicated that metformin leads to mTOR inhibition, which has
been shown to interrupt colon carcinogenesis in mice [25].
Metformin has also been shown to downregulate the Wnt/
B-catenin signaling pathway and act synergistically with
5-fluorouracil and oxaliplatin to induce cell death in chemo-
resistant HT-29 and HCT-116 colon cancer cells and in murine
xenograft models [26]. It suppresses tumor progression with
inhibition of NFkB/STAT3 inflammatory signaling [27]. Met-
formin might also inhibit cell growth and promote cell
senescence by inhibiting cyclin D1 expression and retinoblas-
toma protein phosphorylation [28]. Metformin has been
shown to decrease the number of breast cancer stem cells and
impair their ability to self-renew and proliferate, acting in
synergy with chemotherapy and prolonging remission in a

www.TheOncologist.com

T 1
25 3.0

mouse xenograft model [29]. In addition to a tumor cell-
specific effect, metformin exerts systemic effects such as
improving insulin sensitivity and promoting weight loss [30].
Based on these mechanisms, metformin has been postulated
to reduce the risk of the development of colon cancer and
probably potentiate the effects of chemotherapy in those with
established disease. Our study results indicate, however, that
metformin might not be active against micrometastatic dis-
ease, which is the source of tumor recurrence after adjuvant
chemotherapy in resected stage Il colon cancer.

Stage lll colon cancer patients whose tumors harbor BRAF or
KRAS mutations have been shown to have shorter survival
compared with patients whose tumors lack these mutations
[31]. In preclinical endometrial cancer models, it has been
demonstrated that metformin inhibits cell proliferation, induces
apoptosis, and decreases tumor growth, with the greatest
response observed in cells harboring activating KRAS mutations
[32].These studies have suggested that metformin mightimprove
the cancer prognosis for a subgroup of patients with tumors
harboring activating KRAS mutations. However, in our analysis,
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C Metformin Use vs. Non-Metformin Use Events/Total HR (95% CI)' pvalue®

Treatment E

Arm A: FOLFOX —0—;— 252/861 0.82 (0.39-1.69) .58

Arm D: FOLFOX + Cetuximab —0—;— 259/868 0.79 (0.43-1.48) 47
MMR Status 5

dMMR ® E 52/215 0.29 (0.03-2.63) 27

pPMMR —Q—é— 459/1,514 0.81(0.50-1.31) .39
BRAF_KRAS E

mutkras/wtbraf —f’— 206/608 1.04 (0.52-2.06) .92

wtkras/mutbraf —0-—;— 78/243 0.43 (0.12-1.60) .21

wtkras/wtbraf —0—;— 227/878 0.71(0.33-1.53) .38
Age Group ;

<=50 & E 123/424 0.60 (0.11-3.35) .56

>50 —0;— 388/1,305 0.77 (0.48-1.25) .29
Histologic Grade E

High Grade —.E— 150/446 0.69 (0.27-1.73) 42

Low Grade —.—;— 361/1,283 0.81 (0.47-1.39) 44
Overall —0—;— 511/1,729 0.79 (0.50-1.26) 33

T T ; T T T 1
00 05 10 15 20 25 30

Hazard Ratio

T Multivariate HR adjusted for all factors

2 Wald p-value adjusted for all factors

Figure 3. Continued.

metformin use was not associated with improved survival in
patients with KRAS-mutated colon tumors.

The results from the present analysis should be inter-
preted in the context of the study limitations. Although the
study population was large, the patient numbers were
modest within some strata defined by the patient or tumor
characteristics, which reduced our ability to detect small
differences between metformin users and nonusers and to
evaluate associations within subgroups. Second, because we
relied on self-reported medication use, misclassification of
exposure is possible. In addition, the study questionnaire
could not fully capture all aspects of DM and metformin use.
The nonrandom nature of metformin usage in the study
cohort could also have been a potential source of bias.
Nonetheless, exposure was recorded before any knowledge
of cancer-related outcomes, thus reducing the likelihood of
reporting biases. Third, because information on metformin
usewas collected only at study enrollment, we were unable to
evaluate the associations with postdiagnostic use or changes
in metformin use status after the diagnosis. Fourth, because

©AlphaMed Press 2016

our study was conducted within the context of a randomized
clinical trial and patients enrolled in randomized trials
represent a more selected population, the generalizability
of the study findings to the broader population of patients
with colon canceris not fully known. Finally, DM patients who
use metformin might differ from DM patients not using
metformin and the general population in the duration and
severity of DM, dietary behaviors, BMI, physical activity, and
health care usage. Although we controlled for several
potentially prognostic variables, residual confounding from
unknown variables is possible.

The present analysis also had several important strengths,
including the availability of information on the duration
of metformin use, molecular markers, and potential con-
founders. Our analysis was conducted in the context of a
prospective clinical trial in which colon cancer was histolog-
ically confirmed, the treatment and follow-up protocols were
standardized, and the date and nature of recurrence were
recorded prospectively. Although the published data evaluat-
ing the relationship between metformin use and colon cancer
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Table 3. Association between diabetic drug usage and incidence of selected grade 3 or higher adverse events in patients from
NCCTG trial NO147 (n = 1,939)*

Diabetic drug usage

Grade 3+ adverse events No history of diabetes Non-metformin users Metformin users p value®
Any grade =3
No, n (%) 615 (36.7) 50 (33.3) 36 (31.9) =
Yes, n (%) 1,061 (63.3) 100 (66.7) 77 (68.1) =
Unadjusted OR (95% Cl) — 1.16 (0.81-1.65) 1.24 (0.82-1.86) 44
Adjusted OR (95% Cl) — 0.96 (0.65-1.42) 1.13 (0.71-1.82) .85
Nausea
No, n (%) 1,616 (96.4) 142 (94.7) 112 (99.1) —
Yes, n (%) 60 (3.6) 8(5.3) 1(0.9) -
Unadjusted OR (95% Cl) — 1.52 (0.71-3.24) 0.24 (0.03-1.75) 14¢
Adjusted OR (95% Cl) — 1.42 (0.65-3.14) 0.24 (0.03-1.77) .23
Vomiting
No, n (%) 1,619 (96.6) 146 (97.3) 110 (97.3) =
Yes, n (%) 57 (3.4) 4(2.7) 3(2.7) =
Unadjusted OR (95% Cl) = 0.78 (0.28-2.18) 0.78 (0.24-2.51) .96°
Adjusted OR (95% Cl) = 0.70 (0.25-2.01) 0.84 (0.25-2.83) .78
Nausea/vomiting
No, n (%) 1,592 (95.0) 142 (94.7) 110 (97.3) —
Yes, n (%) 84 (5.0) 8(5.3) 3(2.7) -
Unadjusted OR (95% Cl) — 1.07 (0.51-2.25) 0.52 (0.16-1.66) .58¢
Adjusted OR (95% Cl) — 0.97 (0.45-2.10) 0.53 (0.16-1.74) 57
Diarrhea
No, n (%) 1,460 (87.1) 132 (88.0) 99 (87.6) —
Yes, n (%) 216 (12.9) 18 (12.0) 14 (12.4) —
Unadjusted OR (95% Cl) = 0.92 (0.55-1.54) 0.96 (0.54-1.70) .94
Adjusted OR (95% Cl) = 0.70 (0.40-1.24) 0.86 (0.46-1.61) 44
Fatigue
No, n (%) 1,581 (94.3) 142 (94.7) 108 (95.6) —
Yes, n (%) 95 (5.7) 8(5.3) 5(4.4) —
Unadjusted OR (95% Cl) — 0.94 (0.45-1.97) 0.77 (0.31-1.93) 93¢
Adjusted OR (95% Cl) — 0.85 (0.39-1.84) 0.73 (0.28-1.90) .76
Neuropathy
No, n (%) 1,594 (95.1) 144 (96.0) 108 (95.6) =
Yes, n (%) 82 (4.9) 6 (4.0) 5 (4.4) =
Unadjusted OR (95% Cl) - 0.81 (0.35-1.89) 0.90 (0.36-2.27) .97¢
Adjusted OR (95% Cl) = 0.70 (0.27-1.78) 0.89 (0.34-2.35) 74
Leukopenia
No, n (%) 1,643 (98.0) 149 (99.3) 109 (96.5) —
Yes, n (%) 33(2.0) 1(0.7) 4(3.5) —
Unadjusted OR (95% Cl) — 0.33 (0.05-2.46) 1.83 (0.64-5.25) 24¢
Adjusted OR (95% Cl) — 0.33 (0.05-2.45) 1.77 (0.62-5.11) .30¢
Thrombocytopenia® .56¢
No, n (%) 1,667 (99.5) 150 (100.0) 112 (99.1)
Yes, n (%) 9(0.5) 0(0.0) 1(0.9)
Neutropenia
No, n (%) 1,478 (88.2) 132 (88.0) 102 (90.3) -
Yes, n (%) 198 (11.8) 18 (12.0) 11 (9.7) —
Unadjusted OR (95% Cl) — 1.02 (0.61-1.70) 0.81(0.43-1.53) .80
Adjusted OR (95% Cl) — 1.07 (0.63-1.84) 0.77 (0.38-1.60) .75
(continued)
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Table 3. (continued)

Metformin and Outcomes in Stage Ill CC Patients

Diabetic drug usage

Grade 3+ adverse events No history of diabetes Non-metformin users Metformin users p value®
Febrile neutropenia
No, n (%) 1,644 (98.1) 148 (98.7) 110 (97.3) =
Yes, n (%) 32 (1.9) 2(1.3) 3(2.7) =
Unadjusted OR (95% Cl) = 0.69 (0.17-2.93) 1.40 (0.42-4.65) .75¢
Adjusted OR (95% Cl) = 0.76 (0.17-3.31) 1.07 (0.24-4.76) .93

#Multivariable ORs and 95% Cls were calculated by logistic regression models and were adjusted for age (in years as a continuous variable), sex, baseline
performance status (0 or 1-2), depth of invasion through bowel wall (T1-T2, T3, or T4), number of positive lymph nodes (1-3 or =4), treatment arm
(FOLFOX [folinic acid, 5-fluorouracil, oxaliplatin] + cetuximab or FOLFOX alone), body mass index (in kg/m? as a continuous variable), histologic grade
(high vs. low), race (African American, Asian, white, other), BRAF/KRAS (wild type for both, mutant KRAS, or mutant BRAF), tumor site (left or right), and
DNA mismatch repair (MMR) status (defective MMR or proficient MMR), unless otherwise noted.

PUnivariate p values are score p values from logistic regression models, unless otherwise noted (same as for chi-square test); for the multivariable models,

the Wald p value is reported after adjusting for the variables mentioned.

“Fisher’s exact p value owing to small numbers of events.

4Wald p value adjusting for treatment arm only owing to small number events and lack of model convergence in the full multivariable model.
€Owing to the lack of events, none of the logistic regression models converged; as such, only Fisher’s exact test results are reported.
Abbreviations: Cl, confidence interval; NCCTG, North Central Cancer Treatment Group; OR, odds ratio.

risk are extensive, few studies have evaluated the association
between metformin use and survival after a colon cancer
diagnosis [12—14, 16]. Furthermore, the present study is the
first to evaluate the effect of metformin among patient
subgroups stratified by KRAS and BRAF mutation status.

CONCLUSION

Our study of patients with resected stage Il colon cancer
foundthat DFS,TTR, and OS were similar for metformin users
and nonusers, independent of KRAS, BRAF mutation and
MMR status. Metformin use was not associated with
increased toxicity of adjuvant therapy in this patient
population. Additional studies are required to fully eluci-
date the potential role of metformin use in colon cancer
recurrence and patient outcome, and questions related to
the dose, duration and timing of use remain unanswered.
Although our data did not show an association of metformin
use with survival in patients with stage Ill colon cancer, its
ability to affect premalignancy or malignancy in larger or
pooled patient cohorts remains an important area for
further study.
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