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INTRODUCTION

ype 2 diabetes mellitus (T2DM) patients using
metformin have a lower cancer risk compared to

Objective: To evaluate whether metformin’s cancer-related benefits reported
in patients with solid tumors (ST) are also present in acute myeloid leukemia
(AML) patients. Methods: Baseline demographic and clinical history for all
diabetes mellitus patients newly diagnosed with AML or cancer of the breast,
ovary, prostate, gastrointestinal tract, lung, or kidney at Roswell Park Cancer
Institute in Buffalo, NY (January 2003—December 2010, n = 924) was collected.
Overall survival (OS) and disease-free survival (DFS) were assessed by
Kaplan—Meier (KM) analysis and Cox proportional hazards regression (hazard
ratio [HR]). Findings: Baseline metformin use provided significant OS and DFS
benefit in ST but not in AML (KM: P, .= 0.003; P, . =0.002; P, =0.96l;
P = 0.943). AML median survival was slightly better with metformin use,

AML-DFS
but users derived no relapse benefit. In ST, metformin nonusers had shorter

median survival, 57.7 versus 86 months, and poorer outcomes (HRy . = 1.33;
Pios = 0.002; HR .o = 1.32; P, . = 0.002). These findings remained
significant in age-adjusted models (HR_ . = 1.21; P = 0.039; HR_ .= 1.23;
Poiprs = 0.02) but not fully adjusted models (HRy ., = 0.96; P o = 0.688;
HR, . = 1.0; P .o = 0.94). Higher mortality was noted in AML patients
taking insulin versus oral diabetes pharmacotherapy at baseline (HR,, .= 2.03;
Poios = 0.04). Conclusion: Lack of metformin benefit in AML could be

due to advanced age at cancer diagnosis. Metformin substitution with insulin
before computed tomography scans with contrast — a frequent AML assessment
practice — may also explain the lack of subsequent benefit despite taking metformin
at baseline. A temporary metformin substitution is recommended by the package
insert due to a possible drug interaction with the contrast dye. Our data suggest
that metformin substitution was permanent in many patients. Nonetheless, the
observed benefit in other malignancies warrants further investigation of metformin
use in AML.

Keyworbps: Acute myeloid leukemia, disease-free survival, Metformin, overall
survival, solid tumors

observed mainly in patients diagnosed with solid
tumors (STs) and - although benefits may be extrapolated
to hematologic malignancies!”! - evidence is lacking.

users of other T2DM therapies.'?! If diagnosed with
cancer, metformin users develop tumors with a more
treatable phenotype including hormone receptor-positive
breast cancer, have fewer recurrences, and extended
survival.?-) However, metformin’s benefit has been
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Acute myeloid leukemia (AML) is the most common
form of adult leukemia, 2016 estimates of the American
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Cancer Society forecast approximately 21380 new
diagnoses in 2017 in the United States alone.® With
nearly unchanged death rates between 2004 and 2013,
AML remains a complex group of diseases with “an
urgent unmet need for therapeutic improvements,” as
described in a recent editorial.'” A further complication
is that patients presenting with AML also have more
comorbidities, including approximately a 3-fold higher
prevalence of T2DM than the general population.!"!! If
metformin use in these patients presents similar survival
benefits as reported in solid malignancies, then more
AML patients could potentially achieve durable
remission. However, despite the value of such a research
undertaking, a significant challenge distinguishes the
investigation of metformin use in patients with AML
from those with STs.

In AML, metformin is often substituted with insulin
by default due to the anticipated use of iodinated
contrast media for computed tomography (CT) scans.
CTs are routinely performed during AML treatment
for necessary clinical assessment of the disease. This
is not the case with solid malignancies where CTs are
not routinely performed. This substitution is made in
AML patients to avoid a drug-drug interaction between
iodinated contrast media and metformin; contrast media
temporarily inhibits the renal clearance of metformin
resulting in elevated metformin blood concentrations.
This elevation is perceived to pose a higher risk of renal
failure and lactic acidosis. Although the package inserts
for both drugs provide recommendations for reinitiating
metformin 48 h after contrast media discontinuation,
metformin is often never reinitiated. Such a decision is
of particular concern as it may not only be denying AML
patients’ potential metformin-related benefits but also
replacing it with insulin, which is known to exacerbate
hematologic malignancies.!'!

In addition, concerns regarding unforeseen disease
complications requiring tight glucose control have added
to the trend of managing T2DM with insulin in AML
patients. Together, these clinical factors have contributed
to the paucity of studies investigating metformin in
AML and bolstered an opinion that metformin therapy
should be ruled out as an option in these patients.
Interestingly, a recent study reported that intensive
insulin use increased mortality in patients with acute
lymphoblastic leukemia.'? These data suggested that
insulin substitution for metformin may, in fact, lead
to poorer outcomes. Furthermore, the Food and Drug
Administration mandated a drug label change indicating
that metformin is safe to use in cases with mild and
moderate kidney function impairment.['! This regulatory
update reopened the interest in the relationship between

metformin use and AML outcomes. This survey of
existing evidence aimed at evaluating if baseline
utilization of specific T2DM pharmacotherapy was
associated with cancer outcomes.

METHODS

This retrospective hospital cohort study was approved
by the Institutional Review Board (EDR193511) and
conducted in accordance with the ethical standards
of the Helsinki Declaration of 1975 as revised in
2013. Adults with preexisting T2DM and emergent
AML or malignancy of the breast, ovary, prostate,
gastrointestinal (GI) tract, lung, or kidney diagnosed
between January 2003 and December 2010 were included
in the study. Cancer diagnosis was determined based
on tumor registry records encoded by the International
Classification of Diseases, Ninth Revision. Nearly
1178 new cancer patients were identified. Of them,
254 patients were excluded due to unknown diabetes
type, diabetes Type 1, gestational or diabetes diagnosed
after cancer (n, = 76), incomplete records (n, = 41), or
previous cancer diagnosis (n, = 137). The remaining
924 cases were included in the final analyses. Clinical
and treatment history along with demographic
information and outcomes was documented. T2DM
treatment groups were defined using self-reported
pharmacotherapy at baseline; concomitant therapy was
also recorded. Metformin use alone or in combination
at the time of diagnosis was considered “metformin
users,” all others were considered ‘“metformin
nonusers” (similarly for “insulin users” and “insulin
nonusers”). Outcomes of interest were cancer recurrence
and/or death. Follow-up began at diagnosis lasted
through the last day of contact or vital status update,
whichever was more recent. Overall survival (OS)
was defined as the time from cancer diagnosis to
death with patients alive at last follow-up treated as
censored. Disease-free survival (DFS) was defined as
the time from cancer diagnosis to recurrence or death
with, patients alive without recurrence were treated as
censored. Cases lost to follow-up were censored at the
date of the last contact. Event documentation was limited
to data collected through to June 30, 2016. Accuracy
was confirmed by double or triple review where needed.

Associations between categorical variables were assessed
by Fisher’s exact, Chi-square, or likelihood-ratio tests
where appropriate. Survival testing was performed by
Kaplan—Meier analysis with log-rank statistics and
Bonferroni-corrected intra-strata comparisons as well
as hazard ratio (HR) analysis by Cox proportional
hazards regressions. Akaike’s information criterion was
used for covariate selection. Included covariates in all
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HRs were age (continuous), body mass index (BMI)
(underweight, BMI <18.5; healthy, BMI: 18.5-24.9;
overweight, BMI 25.0-29.9; obese, BMI 30-39.9;
morbidly obese, BMI >40; and unknown), tumor
site (blood, breast, kidney, lower GI tract, lung, ovary,
prostate, and upper GI tract), cardiovascular comorbidity
score (0, 1, 2, 3, 4, 5+) — defined as the number of all
cardiovascular comorbidities at baseline, and presence
or absence of baseline metastatic disease. The model
accounted for “good prognosis” - early stage per
American Joint Committee on Cancer (AJCC) Stages 0,
I, and II - and “poor prognosis” (AJCC Stages III and
IV). For the AML group, subtypes M1, M2, M4, and
MS5 were considered “good prognosis” while M0, M6,
and M7 were considered “poor prognosis” based on
previous observations.['*!¢] Instances of unstaged disease
were categorized as unknown. HR 95% confidence
intervals (ClIs) were computed by the Wald method.
A nominal significance threshold of 0.05 was used in
all testing and all analyses, and plots were computed
using SAS, version 9.4 (SAS Institute Inc., Cary, North
Carolina, USA).

RESuULTS

The study population included 397 (43%) males and
527 (57%) females. Median OS was 63.3 months
(95% CI: 55.7-74.5), and follow-up time ranged from
0 to 152.1 months. Median DFS was 45.3 months (95%
CI: 38.6-52.5). At baseline, 752 (81.4%) participants
self-identified as Caucasian non-Hispanic, 121 (13.1%)
as African American, and 51 (5.5%) as other ethnicity.
No significant difference in gender distribution was
observed. Complete information on included participants
by disease group is depicted in Figure 1.

Age at diagnosis varied from 20 to 91 years of age,
having a median of 66 and a mode of 63 years old
in solid malignancies. The AML group remarked by
more individuals >60 years old as compared to solid
malignancies group. Receiving metformin was associated
with a younger age in both AML and solid malignancies,
P < 0.001. In the overall dataset, significantly more
females used insulin alone or in combination than oral
monotherapy, P = 0.007. Fewer women used metformin
in the AML group (42.1%) as compared to the solid
malignancies group (58.8%); however, this difference
was not significant. The number of African-American
insulin users at baseline was higher than expected by
Fisher’s exact test as compared to insulin nonusers,
P = 0.004. The BMI distribution was significantly
different between metformin users and nonusers, more
obese cases than expected being observed among
metformin users, P = 0.027. By contrast, no difference
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Figure 1: Inclusion and exclusions criteria. AML=Acute myeloid
leukemia, BC=Breast cancer, GI=Gastrointestinal (upper gastrointestinal,
esophagus, stomach cancer; lower gastrointestinal, small intestine, colon,
and rectum cancer), KC=Kidney cancer, LC=Lung cancer, OC=Ovarian
cancer, PC=Prostate cancer

in the BMI distribution was noted between insulin
users and nonusers (P = 0.577). Documented BMIs in
the AML group were consistently over 30 (P < 0.001).
However, an overwhelming majority of the cases
diagnosed with AML presented with two or fewer
baseline cardiovascular comorbidities while less than
two-thirds of the solid malignancies group presented
with a similar extent of cardiovascular comorbidity,
P <0.001.

Individuals treated with oral T2DM pharmacotherapies
had fewer cardiovascular comorbidities as compared
to insulin users, P = 0.008. Among solid malignancies,
more metformin users than nonusers presented with an
early disease stage at the time of diagnosis, P < 0.001.
In the AML group, metformin users had a higher
than expected proportion of patients with advanced
disease (80% vs. 58%) at baseline. Overall, significantly
more metformin users were diagnosed with an early
stage and more nonusers remained unstaged (P = 0.017).
Metformin users also presented with metastatic disease
less than nonusers (P < 0.001).
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Within the AML group, the relationship between iodinated
contrast media use and baseline metformin or insulin use
was evaluated to assess whether switching all metformin
users to insulin is necessary. More metformin users
required a CT with contrast than nonusers (P = 0.054);
26.3% of metformin users required six or more CTs
with contrast, nearly half received five or less CT scans
with contrast, and the remaining quarter did not undergo
any CT with contrast. No differences were observed in
relationship with the CT scan without contrast.

The univariate analysis  stratified by  cancer
disease  site revealed a significant  difference
in OS and DFS (y, = 43515 P < 0.0001,

ors 415.61, P < 0.0001). AML was associated
with the poorest outcomes (OS_ . = 6.95 months,
DFS_ . 1.5 months). Among metformin users, a
lower proportion of overall deaths (244/486 vs. 18/19)
and DFS events (271/486 vs. 18/19) were reported in
solid malignancies versus those with AML, indicating a
lack of survival benefit provided by metformin in AML
as compared to solid malignancies, Figure 2. There was
no significant difference between the number of AML
deaths and DFS events in metformin users (18/19) versus
nonusers (32/35). However, a significant difference
was noted in the AML group between the number of
deaths and DFS events in insulin users (10/10) versus
nonusers (40/44), Figure 2. We also observed a lower
proportion of deaths (244/486 vs. 225/384) and DFS
events (271/486 vs. 250/384) in metformin users versus
nonusers diagnosed with solid malignancies.

The median survival of the metformin users diagnosed
with a solid malignancy was significantly longer
than that of nonusers, 86 versus 57.7 months,
respectively (P = 0.004). Metformin use was associated
with better outcomes in the ST group ()’ = 9.55,
P, = 0.004; ... = 1034, P . < 0.003) but not in the
AML group (P, = 0.961, P = 0.943), Figure 2, panels
a and b. Although we did not see a significant mortality
difference between users and nonusers of insulin in the
ST group, the insulin users in the AML group remarked
by poorer outcomes, Figure 2, panels ¢ and d.

Our unadjusted and age-adjusted Cox proportional
hazards model demonstrates a survival and recurrence
advantage associated with taking metformin if diagnosed
with a solid malignancy [Table 1]. In the unadjusted
analysis, metformin nonusers diagnosed with a solid
malignancy had roughly 30% higher mortality (> = 9.34,
P = 0.002) or recurrence (y* = 10.00, P = 0.002) as
compared to metformin users. The risk was slightly
lower in the age-adjusted analysis [Table 1]. No
relationship between metformin use and OS or DFS was
observed in the AML group. Insulin use in individuals
with solid malignancies was associated with a nearly
25% higher risk of death and recurrence in the fully
adjusted model (P = 0.082 and P = 0.048), Table 2. In
the AML group, insulin use provided double the risk of
death (HR = 2.03, * = 3.99, P = 0.040) and roughly 85%
greater risk of relapse (HR = 1.85, »* = 3.02, P = 0.082),
thus confirming the trends observed in our univariate
analysis [Figure 2 and Table 2].

~ .
-—

Survival Probability

~, ‘S.T, Any Metformin =

-~
hante TR P

c-
-

718 565 485 423 355 288 227 176 123 85 47 21
Overall Survival (months)

— ST, No Insulin

- - = ST, Any Metformin
o T =
° ) —_—- o ——
- - . ML, No Metiormin ST, No Melformin - = = AML; No Melformin ST, No Metformin
ol AML, Any Metformin o AML, Any Metformin
° r T T T T T T T T T T T T 1 ° r T T T T T T T T T T T T 1
o 12 24 36 48 60 72 84 96 108 120 132 144 156 o 12 24 36 48 60 72 84 96 108 120 132 144 156
== AML, Any Metiormn 19 8 3 1 19 6 2
= AML,NoMetiormn 35 12 4 3 2 2 2 1 3% 7 4 3 2 2 2 1
= = ST, Any Metlormin 486 396 342 297 252 211 174 134 95 69 41 21 6 486 368 307 262 221 188 157 122 88 64 38 18 6
= ST,No Metformin 384 290 245 215 180 138 103 79 55 38 17 6 2 384 270 217 190 155 113 82 66 48 34 17 6 2
o ag
| |
z ° ’:.\ °
3 N
8 g4 . N "'s 34 o~
L T e
& = D
T - ey < hEYen-L
£ 7 - S e ST Nonsuin 31 . —.}_:\ ST, No Insulin
3 = — X S
s .- = s - L
.. AML; No Insulin ST. Any fnsuin .. AML, No Insulin ST, Any Insulin
g AML, Any Insulin g AML, Any Insulin
o 12 24 g 48 G 72 84 s 108 120 12 144 15 0 12 24 5 4 60 72 84 % 108 120 12 144 156
=AML, Any Insulin 10 3 10 2
= =AML, No Insulin 4 17 7 4 2 2 2 1 4 11 6 3 2 2 2 1
= = ST, Any Insulin 152 121 102 89 77 61 50 37 27 22 11 6 2 152 109 90 79 66 52 42 32 26 20 11 6 2

6

718 529 434 373 310 249 197 156 110 78 44 18 6
Disease Free Survival (months)

Figure 2: Overall survival (panels a and c) and disease-free survival (panels b and d) by metformin (panels a and b) or insulin (panels ¢ and d) use
in individuals with preexisting Type 2 diabetes mellitus diagnosed with solid tumors or acute myeloid leukemia. AML=Acute myeloid leukemia,

T2DM=Type 2 diabetes mellitus, ST=Solid tumor
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Table 1: Association of baseline metformin use and cancer outcomes: A proportional hazards model

Disease group Treatment group (0N DFS
HR 95% CI 1 (P) HR 95% CI 1 (P)

Solid malignancies ~ Metformin users Reference - - Reference - -
Nonusers (unadjusted) 1.33 1.11-1.59  9.34 (0.002) 1.32 1.11-1.57  10.00 (0.002)
Nonusers (age-adjusted) 1.21 1.01-1.46  4.25(0.039) 1.23 1.03-1.46  5.41(0.020)
Nonusers (fully adjusted) 0.96 0.80-1.16  0.17 (0.688) 1.00 0.84-1.20  <0.01 (0.940)

AML Metformin users Reference - - Reference - -
Nonusers (unadjusted) 091 0.51-1.62  0.11 (0.739) 0.93 0.52-1.65  0.07 (0.793)
Nonusers (age-adjusted) 0.81 0.46-1.45  0.49 (0.484) 0.86 0.48-1.53  0.27 (0.606)
Nonusers (fully adjusted) 0.93 0.52-1.67  0.06 (0.808) 1.08 0.59-1.98  0.07 (0.792)

AML=Acute myeloid leukemia, CI=Confidence interval, HR=Hazard ratio, DFS=Disease-free survival, OS=Overall survival, y>=Chi-square

associated with the analysis of maximum likelihood estimates

Table 2: Association of baseline insulin use and cancer outcomes: A proportional hazards model

Disease group Treatment group (0N} DFS
HR 95% CI 7 (P) HR 95% CI 1’ (P)

Solid malignancies  Insulin nonusers Reference - - Reference - -
Insulin users (unadjusted) 1.09 0.86-1.37  0.49 (0.485) 1.14 0.91-1.41 0.30 (0.253)
Insulin users (age-adjusted) 1.08 0.86-1.36  0.40 (0.527) 1.13 0.91-1.41 1.24 (0.266)
Insulin users (fully adjusted) 1.24 0.97-1.57  3.03 (0.082) 1.25 1.00-1.57  3.89 (0.048)

AML Insulin nonusers Reference - - Reference - -
Insulin users (unadjusted) 2.03 1.01-4.06  3.99 (0.040) 1.85 0.92-3.71  3.02 (0.082)
Insulin users (age-adjusted) 1.44 0.72-2.89  1.04 (0.307) 1.27 0.63-2.56  0.43 (0.510)
Insulin users (fully adjusted) 1.40 0.67-2.89  0.80 (0.371) 1.15 0.56-2.39  0.15 (0.703)

AML=Acute myeloid leukemia, CI=Confidence interval, HR=Hazard ratio, DFS=Disease-free survival, OS=Overall survival, y>=Chi-square

associated with the analysis of maximum likelihood estimates

DiscusSsIoN

This paper represents the first report regarding the
relationship between preexisting T2DM pharmacotherapy
use and AML versus ST outcomes. The solid
malignancies included in this study represent some of
the most often diagnosed cancer diseases in association
with which metformin use was shown to improve
outcomes. In order to control for any T2DM confounding
effects, all the individuals enrolled in this study had a
confirmed T2DM diagnosis at the time of inclusion in
the study. Being a single site allowed for exhaustive
and highly accurate data collection, as well as relatively
homogeneous treatment approaches, but restricted the
inclusion of additional malignancies. Malignancies
with insufficient representation could not reach power
as covariates in the HR models, and patients newly
diagnosed with AML receiving metformin were, as is
common practice, immediately switched to insulin while
those with solid malignancies were not. Furthermore, the
advanced age of the AML population taking metformin
presents a naturally higher risk of death, making the
age-adjusted models particularly important. Ethnicity and
gender did not meet the criteria for inclusion in the fully
adjusted HR model, and although the BMI category was
included, it may have introduced a considerable bias in
the analysis of the AML group since nearly half of them

had unknown BMI. Thus, specifically for the AML group
analysis, the age-adjusted model may reveal a more
realistic representation of the associations observed.

In light of metformin’s cancer benefit in many cancers,
future studies should be initiated to explore the potential
benefits of metformin could afford AML patients with
T2DM, should it be reinitiated after CT as recommended
by the package inserts. The present study confirms that
metformin is of wide clinical benefit for T2DM patients
with many solid malignancies and highlights an urgent
need to better evaluate whether benefit may also exist
in AML as the current practice of switching to insulin
for T2DM management in AML is, in fact, harmful
and unnecessary in at least 25% of cases despite the
previously assumed benefit of tighter glucose control.
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