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Objectives: There is an active debate regarding whether metformin use improves survival in people with ovarian
cancer. We examined this issue using methods designed to avoid immortal time bias—as bias that occurs when
participants in a study cannot experience the outcome for a certain portion of the study time.

Methods: We used time-dependent analyses to study the association between metformin use for all 4,951 patients
diagnosed with ovarian cancer in 1997 through 2018 in the province of British Columbia, Canada. Cox pro-
portional hazards models were run to estimate the association between metformin and survival in the full cohort
of ovarian cancer patients and among a cohort restricted to patients with diabetes.

Results: Metformin use was associated with a 17 % better ovarian cancer survival in the full cohort (adjusted
hazard ratio (aHR) = 0.83 (95 %CI 0.67, 1.02)), and a 16 % better ovarian cancer survival for serous cancers
patient’s cohort (aHR = 0.84 (95 %CI 0.66, 1.07)), although both were not significant. However, a statistically
significant protective effect was observed when restricting to the diabetic cohort (aHR = 0.71 (95 %CI
0.54-0.91)), which was also seen among serous cancers (aHR = 0.73 (95 %CI 0.54-0.98)).

Conclusion: Metformin use was associated with improved ovarian cancer survival. The lack of statistical signif-
icance in the full cohort may reflect that diabetes is associated with reduced cancer survival, and thus diabetes
itself may offset the benefit of metformin when examining the full cohort. Future research should examine
metformin use among non-diabetic ovarian cancer patients.

Survival

Introduction as first-line therapy for type 2 diabetes to normalize hyperglycemia [4].

Epidemiologic studies have reported that metformin use is associated

Ovarian cancer is the fifth most common cause of cancer deaths
among females in developed countries. There is still no effective
screening method for ovarian cancer [1], and most people are diagnosed
in late stages with 5-year survival rates of 15-30 %.[2,3].

Metformin, a member of the biguanide class of drugs, is widely used

with a reduced risk of cancer in diabetic patients, including a reduced
incidence of epithelial ovarian cancer [5-7]. There has been some sug-
gestion that use of metformin after diagnosis might also improve sur-
vival in people with ovarian cancer [8-12]. Indirect mechanisms include
suppression of hepatic gluconeogenesis, resulting in increased insulin

* Corresponding author at: Vancouver Coastal Health Research Pavilion, 590-828 West 10th ave, Vancouver, V5Z 1M9, BC, Canada.

E-mail address: Gillian.hanley@ubc.ca (G.E. Hanley).

https://doi.org/10.1016/j.ne0.2024.101026
Received 9 February 2024; Accepted 3 July 2024
Available online 6 July 2024

1476-5586/© 2024 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:Gillian.hanley@ubc.ca
www.sciencedirect.com/science/journal/14765586
https://www.elsevier.com/locate/neo
https://doi.org/10.1016/j.neo.2024.101026
https://doi.org/10.1016/j.neo.2024.101026
https://doi.org/10.1016/j.neo.2024.101026
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neo.2024.101026&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

P. Kaur et al.

sensitivity and a reduction in circulating glucose and insulin levels,
which may lead to decreased growth factor stimulation of tumor cells
[13]. Direct effects include inhibiting respiratory complex 1 in the
mitochondria, interfering with oxidative phosphorylation resulting in
decreased adenosine triphosphate production and increased energetic
stress [14]. In tumor cells that are wunable to cope with
metformin-induced energetic stress, energetic crisis and ultimately cell
death may occur in response to metformin treatment [14].

However, the effect of metformin use on survival in ovarian cancer
patients is inconsistent, as several other studies have reported no asso-
ciation [15-18]. There is also the possibility that patient or study
characteristics have influenced previous findings, including whether the
control group included diabetic or non-diabetic patients, as well as
timing and duration of the metformin use. The inconsistencies may be
due to methodologic differences. Many previous studies of metformin
use and ovarian cancer survival were prone to suffering from immortal
time bias, wherein immortal time (a period of follow-up during which
the outcome cannot occur due to the exposure definition) biases the
study toward finding a survival effect of the medication. These designs
introduce time between cohort entry and the first prescription (or the
number of prescriptions that define cohort entry) as ‘immortal time’ for
the exposed in that they require that the exposed survived long enough
to receive the treatment [19]. A 2020 systematic review concluded that
only two previous studies of metformin use and ovarian cancer survival
were likely free of immortal time bias [19]. One of the included studies
examined ovarian cancer specific mortality and the other examined
all-cause mortality, and both suggested no survival benefit associated
with metformin use [17,18]. Thus, carefully designed studies that ac-
count for how these patient and study characteristics might influence
results are still needed to understand whether there is a role for met-
formin in increasing ovarian cancer survival.

Methods

We conducted a population-based retrospective cohort study of all
patients who were diagnosed with ovarian cancer at age 30 or older in
the Canadian province of British Columbia (population of 5 million)
between January 1st, 1997 and December 31st, 2018, with follow-up
through to December 31st, 2020. With approval of all data stewards,
we work with Population Data BC to access the BC Cancer Registry,
which we used to identify all ovarian cancer patients. In BC, cancer is a
reportable disease and all cases are entered into the provincial BC
Cancer Registry. The registry sources include hematology and pathology
reports, death certificates, hospital reports, and cancer treatments. The
data available includes details about the type of cancer diagnosed and
the date of diagnosis. These data were linked with vital statistics death
data, as well as the Discharge Abstract Database (DAD), which contains
information on all hospital stays and day surgeries in the province and
the medical services plan file (MSP), which includes data on all physi-
cian visits in an outpatient settings. Data on metformin and other
medication use was obtained from linking with the BC PharmaNet, into
which every medication dispensed in an outpatient setting in the prov-
ince of British Columbia must be entered, by law. Thus, it is a complete
capture of medications dispensed throughout the province. You can find
further information regarding these data sets by visiting the Population
Data BC’s project webpage at: https://my.popdata.bc.ca/project listi
ngs/21-105/collection_approval_dates.

Ovarian cancer patients were identified in the BC Cancer Registry
using the International Classification of Diseases for Oncology ICD10 CM
codes for ovarian cancer, fallopian tube cancer or peritoneal cancer, not
otherwise specified (C56; C57.0; C48.2, respectively). We included all
epithelial ovarian cancers diagnosed between 1997 and 2018 and
excluded all borderline tumors. We excluded women who did not sur-
vive for 12 complete months following diagnosis, as medication expo-
sure is unlikely to make a difference to survival in very advanced and
aggressive cancers. We also excluded patients if they were not registered
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in BC at the time of diagnosis and did not complete 12 months follow up
after diagnosis. This information was checked using registry data which
contains information about all people who were registered in BC’s
Health Insurance system. We set the cohort entry date as 12 months after
ovarian cancer diagnosis. We identified the diabetic ovarian cancer
patients using diagnostic codes indicating the presence of the disease in
either the hospital (DAD) or the physician data (MSP) (ICD9 code 250.x
and ICD 10 code E10.x (type 1 diabetes) and E11.x (type 2 diabetes) and
E14.x (unspecified diabetes mellitus).

Ethics approval was obtained from the University of British Colum-
bia’s Behavioral Research Ethics Board. All inferences, opinions and
conclusions are those of the authors and do not reflect the opinions or
policies of the Data Stewards. Access to data provided by the Data
Stewards is subject to approval but can be requested for research pro-
jects through the Data Stewards or their designated service providers.

Assessment of medication use

Medication dispensations were classified according to their
Anatomical Therapeutic Chemical code. Metformin monotherapy has
ATC code A10BAO2, and metformin combinations have codes
(A10BD03, A10BD07, A10BD10, A10BD11, A10BD13, and A10BD15).
We grouped all patients using metformin monotherapy or a metformin
combination as the metformin exposed group. We also identified pa-
tients using other diabetes medications: sulfonylureas (ATC 4 A10BB),
thiazolidinediones (ATC4 A10BG) and insulin monotherapy (ATC3
A10A). Post-diagnosis exposure to metformin was defined as at least two
prescriptions for metformin or a metformin combination on different
dates after cohort entry date. We modeled this as a time dependent
variable. Their exposure was lagged by 6 months as it is biologically
implausible that short duration exposure would meaningfully impact
ovarian cancer survival. Patients were considered unexposed until 6
months after the date of their second prescription (lag period) and
exposed thereafter, allowing them to move from a period of non-
exposure to a period of exposure which was done to remove immortal
time bias. Ovarian cancer patients entered the cohort one year after the
date they were diagnosed with ovarian cancer, which imposed the 12-
month survival restriction.

We modeled use of metformin dichotomously (ever use vs. never use)
and examined cumulative duration of use post-diagnosis. Cumulative
duration of use was defined as the total months of exposure to the
medication of interest, which was calculated by adding the total dura-
tion of all the metformin prescriptions that were filled between the date
of their first exposure (6 months after second prescription) to the end of
follow-up or their date of death. We categorized this time-dependent
variable as: less than 12 months, 12-24 months, 24-36 months and
greater than or equal to 36 months of use. We also conducted a user-type
analysis where we grouped patients according to whether they were new
users of metformin post-diagnosis with ovarian cancer (they had not
filled a single metformin for the 12 months period prior to their ovarian
cancer diagnosis but met our criteria as a user post-diagnosis), whether
they were continuing users of metformin (they filled >2 prescriptions in
the 12 months before diagnosis and continued to fill prescriptions after
their diagnosis), and whether they were pre-diagnosis users of metfor-
min who stopped after their diagnosis with ovarian cancer (they filled
>2 prescriptions for metformin in the 12 months before diagnosis and
did not fill any in the 1 year after their diagnosis). User-type was clas-
sified into 3 categories and all groups were compared with never users.

Outcome of interest: We examined the relationship between medica-
tion use and all-cause mortality, as well as ovarian cancer-specific
mortality. We considered anyone with an underlying cause of death
code for any gynecologic cancer (C48.2, C51-C58), as well as site un-
specified malignant neoplasm and neoplasms of multiple independent
primary sites (C80, C97) to have died from ovarian cancer. The date of
death was classified as the date of their event. Individuals were censored
as of the earlier of the date they left the province, or the end of study
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follow-up on December 31st, 2020.
Statistical analysis

We examined both ovarian cancer specific mortality and all-cause
mortality. We ran time-dependent Cox proportional hazards models to
estimate hazard ratio and 95 % confidence intervals, and censored pa-
tients at the time of last follow-up or at the end of study follow-up on
December 31st, 2020. We ran these models for all epithelial ovarian
cancer, and for all serous ovarian cancers. We lacked reliable data on
grade for a significant proportion of our study period, so high-grade and
low-grade serous were combined; however, most of these cancers are
high-grade serous ovarian cancers. We did not have enough metformin
users to run the models for endometrioid, clear cell or mucinous ovarian
cancers.

All models were adjusted for categorical variables such as age at
diagnosis (30-59,60-69,70-79,80+), diagnosis year with categories as
1997-2002, 2003-2008, 2009-2014, 2015-2018, income quintiles at
diagnosis, debulking surgery after diagnosis (yes/no), previous non-
gynecologic cancer (yes/no), and separate dichotomous (yes/no) vari-
ables for comorbidities in their health record in the 5 years before the
date of ovarian cancer diagnosis. The comorbidities included diabetes,
cerebrovascular disease, peripheral vascular disease, renal disease, and
cardiopulmonary disease (yes/no). We also adjusted for use of meno-
pausal hormone therapy (ATC codes: GO3A, GO3C, GO3D and L02AA,
LO2AB), statins (ATC codes: C10AA, C10BA, C10BX, A10BH5I,
A10BH52) and p-blockers (ATC codes: C07) and use of insulin or any
other diabetes medication (ATC codes outlined above) in the 6 months
before ovarian cancer diagnosis. These other medications were included
as they been previously associated with ovarian cancer survival analyses
[20-22], and may be confounded with metformin use, particularly the
cardiovascular medications which are commonly prescribed to diabetic
patients [23]. All variables that were adjusted in the model were
time-fixed covariates. The only time dependent variable in the model
was exposure to metformin. All statistical analyses were performed
using SAS 9.4 (SAS Institute, Cary, NC).

Results
Patient characteristics

There were 4,951 people diagnosed with an epithelial ovarian cancer
and included in the analysis. Of these, 711 (14.4 %) had a diagnostic
code indicating they were diabetic (either type 1, type 2 or unspecified)
in their health records in the 5 years before their ovarian cancer diag-
nosis. Of these, 236 (4.8 %) were metformin users in the 12 months
before their diagnosis. Nearly all metformin users were diabetic (98.7

Neoplasia 56 (2024) 101026

%). There were 166 (3.3 %) patients who were lost to follow up after 1
year (Fig. 1).

The mean age at diagnosis of the entire cohort was 62.2(SD 12.5) and
the median years of follow-up were 3.1 (IQR 1.3 to 6.9). Follow up time
is low because 70 % of ovarian cancer patients die within 5 years. During
the follow-up period, 2984 people died; 2628 (88 %) of them from
ovarian cancer. Metformin users were diagnosed at an older average age
than non-users (66.1 vs. 61.9) and were more likely to have other
comorbidities including cardiopulmonary disease, cardiovascular dis-
ease, peripheral vascular disease, renal disease, and cerebrovascular
disease (Table 1). They were more likely have serous ovarian cancers
(66.1 % vs. 58.7 %), and to have filled a prescription for beta-blockers,
statins, and other diabetes medications in the 6 months before diagnosis
with their ovarian cancer. Metformin users were also more likely to be
diagnosed in the later half of the study period (2009-2018). Within the
diabetic cohort (Table 2), users and non-users were similar in terms of
many of the characteristics examined, but metformin users were more
likely to have filled a prescription for beta-blockers, statins, insulin, and
other diabetes medications than non-users.

Postdiagnosis use of metformin and survival

Results from the time variant Cox proportional hazards regression
models for the association between postdiagnosis use of metformin and
both ovarian cancer specific and all-cause mortality are presented in
Table 3. Crude hazard ratios for any metformin use was 0.95 (95 %CI
0.79-1.14) for ovarian cancer specific mortality and 1.02 (95 % CI
0.86-1.20) for all-cause mortality. After adjusting for covariates, the
adjusted hazard ratio of an ovarian cancer death was 0.83 (95 %CI 0.67,
1.02). The adjusted hazard ratio for a death due to any cause was 0.88
(95 % CI 0.73, 1.06). There was no clear trend with respect to cumu-
lative duration of use, for either ovarian cancer specific mortality or all-
cause mortality, and no statistically significant results by user-type
(whether the person used metformin pre-diagnosis, continued use
after diagnosis, or began use post diagnosis). The results for the analysis
that was restricted to serous ovarian cancers also revealed no statisti-
cally significant results (Supplemental Table S1).

When restricted to the cohort of diabetic patients, crude hazard ra-
tios for any use of metformin were 0.65 (95 %CI 0.51-0.84) for ovarian
cancer specific mortality and 0.74 (95 %CI 0.59-0.92) for all-cause
mortality (Table 4). After adjusting for all covariates, the adjusted
hazard ratios were 0.71 (95 %CI 0.54-0.91) for ovarian cancer specific
mortality and 0.81 (95 %CI 0.64-1.02) for all-cause mortality. The crude
hazard ratios for new use post diagnosis and continuing use from pre-
diagnosis were 0.56 (95 % CI 0.35-0.88) and 0.70 (95 %CI
0.54-0.93), respectively for ovarian cancer specific mortality. However,
after adjusting the confidence intervals included 1 aHR=0.64 (95 %CI

BC from 1997-2018

Total 6743 epithelial ovarian cancer patients in

Excluded:

v

» Younger than 30 years of age (n=62)

» Notregistered in BC at the time of
diagnosis (out of province patients), (n=35)

» Did not complete 12 complete months
following diagnosis (n=15)

» Did not survive 12 complete months
following diagnosis (n=1680)

4951 patients

Fig. 1. Flow diagram of final study population.
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Table 1
Baseline characteristics of the entire cohort stratified by metformin use.
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Table 2
Baseline characteristics of DIABETIC PATIENTS stratified by metformin use.

Entire cohort Pre-diagnostic metformin use

(n=4951) (12 months pre-diagnosis)
Metformin user Non-user
(n=239) (n=4712)
Age at diagnosis (years) 62.2 (12.5) 66.1 (10.9) 61.9 (12.6)
Mean (SD) (Range: (Range: (Range:
30.1-99.2) 38.7-91.8) 30.1-99.2)
Median 62.2 Median 67.2 Median 61.8
(IQR: (IQR: (IQR:
52.9-71.4) 58.6-73.6) 52.7-71.1)
Age at diagnosis (years),
n(%)
30-59 2054 (41.5) 62 (25.9) 1992 (42.3)
60-69 1227 (24.8) 74 (31.0) 1153 (24.5)
70-79 931 (18.8) 63 (26.4) 868 (18.4)
80+ 739 (14.9) 40 (16.7) 699 (14.8)
Year of diagnosis, n(%)
1997-2002 1152 (23.3) 28 (11.7) 1124 (23.8)
2003-2008 1191 (24.1) 52 (21.8) 1139 (24.2)
2009-2014 1524 (30.8) 92 (38.5) 1432 (30.4)
2015-2018 1084 (21.9) 67 (28.0) 1017 (21.6)
Income quintile, n(%)
Q1 902 (18.5) 58 (24.5) 844 (18.2)
Q2 948 (19.5) 43 (18.1) 905 (19.5)
Q3 961 (19.7) 48 (20.2) 913 (19.7)
Q4 1019 (20.9) 50 (21.1) 969 (20.9)
Q5 1037 (21.3) ~40 (16.0) ~1000 (21.6)
Missing 84 <5 ** ~80
Histotype
Serous 2923 (59.0) 158 (66.1) 2765 (58.7)
Endometrioid 640 (12.9) 26 (10.9) 614 (13.0)
Mucinous 248 (5.0) 9(3.8) 239 (5.1)
Clear cell 392 (7.9) 10 (4.2) 382 (8.1)
Carcinoma, NOS/Mixed 748 (15.1) 36 (15.1) 712 (15.1)

Median follow up, years
(Interquartile range)

31(1.3t06.9) 27(1.3t05.3) 3.1(1.3t07.0)

Debulking surgery 3723 (75.2) 173 (72.4) 3550 (75.3)
Previous cancer 654 (13.2) 32(13.4) 622 (13.2)
Comorbidities
(5 years before
diagnosis)
Diabetes history 711 (14.4) 236 (98.7) 475 (10.1)
Cardiopulmonary 971 (19.6) 62 (25.9) 909 (19.3)
disease
Cardiovascular 633 (12.8) 43 (17.9) 590 (12.5)
disease”
Peripheral vascular 205 (4.1) 14 (5.9) 191 (4.0)
disease
Renal disease 231 (4.7) 31 (12.9) 200 (4.2)
Cerebrovascular 221 (4.5) 13 (5.4) 208 (4.4)
disease
Medication history
(6 months before
diagnosis)
Hormone replacement 677 (13.7) 23(9.6) 654 (13.8)
therapy
B-blockers 538 (10.9) 58 (24.3) 480 (10.2)
Statins 690 (13.9) 127 (53.1) 563 (11.9)
Insulin 72 (1.5) 36 (15.1) 36 (0.8)
Other diabetes 77 (1.6) 57 (23.8) 20 (0.4)
medicine

* congenital heart failure or rheumatic heart disease or myocardial infarction
§ all medications excluding metformin (ATC code A10B) and insulin (ATC
code A10A)
**Privacy agreements with data stewards include not publishing cell sizes
with values <5

0.40-1.02) for new use post diagnosis and aHR=0.76 (95 %CI
0.56-1.01) for continuing use from pre-diagnosis. For all-cause mor-
tality, only crude hazard ratios for continuing use from pre-diagnosis
was significant 0.77 (95 % CI: 0.60-0.98). The adjusted hazard ratios
were protective for ovarian cancer specific mortality (aHR=0.73 (95 %
CI 0.54-0.98)) and all-cause mortality (aHR=0.74 (95 %CI 0.56-0.98))

Entire diabetic Pre-diagnostic metformin use

cohort (12 months pre-diagnosis)
(n=711)
Metformin user ~ Non-user
(n=236) (n=475)
Age at diagnosis (years) 66.3 (11.4) 66.0 (10.8) 66.4 (11.7)
Mean (SD) (Range: (Range: (Range:
32.2-97.6) 38.7-91.8) 32.2-97.6)
Median 66.9 Median 67.1 Median 66.6
(IQR: 58.5- (IQR: 58.6- (IQR: 58.4-
74.4) 73.6) 74.9)
30-59 189 (26.6) 62 (26.3) 127 (26.7)
60-69 199 (27.9) 73 (30.9) 126 (26.5)
70-79 184 (25.9) 63 (26.7) 121 (25.5)
80+ 139 (19.5) 38 (16.1) 101 (21.3)
Year of diagnosis
1997-2002 111 (15.6) 27 (11.4) 84 (17.7)
2003-2008 162 (22.8) 52 (22.0) 110 (23.2)
2009-2014 254 (35.7) 92 (38.9) 162 (34.1)
2015-2018 184 (25.9) 66 (27.5) 119 (25.0)
Income quintile
Q1 143 (20.3) 57 (24.4) 86 (18.3)
Q2 155 (21.9) 42 (17.9) 113 (23.9)
Q3 138 (19.6) 47 (20.1) 91 (19.3)
Q4 134 (19.0) 50 (21.4) 84 (17.8)
Q5 135 (19.1) ~40 (16.2) ~95 (20.6)
Missing 6 <5%* <5**
Histotype
Serous 453 (63.7) 156 (66.1) 297 (62.5)
Endometrioid 69 (9.7) 26 (11.0) 43 (9.0)
Mucinous 22(3.1) 9(3.8) 13(2.7)
Clear cell 40 (5.6) 10 (4.2) 30 (6.3)
Carcinoma, NOS/Mixed 127 (17.9) 35(14.8) 92 (19.4)

Median follow up, years 2.7 (1.2 to 5.6) 2.8(1.3t05.3) 2.6 (1.1t05.7)

(Interquartile range)

Surgery after diagnosis 510 (71.7) 171 (72.5) 339 (71.4)
Previous cancer 110 (15.5) 32(13.6) 78 (16.4)
Comorbidities
(5 years before
diagnosis)
Cardiopulmonary 171 (24.0) 60 (25.4) 111 (23.4)
disease
Cardiovascular 131 (18.4) 43 (18.2) 88 (18.5)
disease™
Peripheral vascular 42 (5.9) 14 (5.9) 28 (5.9)
disease
Renal disease 76 (10.7) 31 (13.1) 45 (9.5)
Cerebrovascular 45 (6.3) 12 (5.1) 33(6.9)
disease
Medication history
(6 months before
diagnosis)
Hormone replacement 72 (10.1) 22 (9.3) 50 (10.5)
therapy
p-blockers 134 (18.8) 58 (24.6) 76 (16.0)
Statins 262 (36.8) 125 (52.9) 137 (28.8)
Insulin 72 (10.1) 36 (15.2) 36 (7.6)
Other diabetes 75 (10.5) 56 (23.7) 19 (4.0)
medicine

" congenital heart failure or rheumatic heart disease or myocardial infarction

§ all medications excluding metformin (ATC code A10B) and insulin (ATC
code A10A)

™ Privacy agreements with data stewards include not publishing cell sizes
with values <5

when restricting to serous ovarian cancers (Supplemental Table S2), but
all cumulative duration and user type analyses were not statistically
significant.

Discussion

In this large, population-based study including nearly 5000 ovarian
cancer patients, and over 700 diabetic ovarian cancer patients, we found
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Table 3
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Post-diagnosis Metformin prescription dispensation and ovarian cancer specific and all-cause mortality.

Ovarian cancer specific mortality

All-cause mortality

Person- Mortality Crude HR (95 % Adjusted HR* (95 Mortality Crude HR (95 % Adjusted HR* (95
years events CI) % CI) events CD % CI)
(n=2628) (n=2984)
Metformin user
Metformin user 1567.76 118 0.95 (0.79-1.14) 0.83 (0.67-1.02) 150 1.02 (0.86-1.20) 0.88 (0.73-1.06)
Non-user 23,619.28 2510 1 1 2834 1 1
Cumulative duration of metformin
use, months
<12 461.77 57 0.99 (0.76-1.29) 0.88 (0.66-1.17) 65 1.03 (0.80-1.32) 0.91 (0.70-1.18)
12-24 299.01 28 0.89 (0.61-1.29) 0.76 (0.52-1.13) 37 1.05(0.75-1.45)  0.88 (0.63-1.24)
24-36 215.93 16 0.99 (0.60-1.63) 0.83 (0.50-1.38) 18 0.94 (0.59-1.51) 0.77 (0.48-1.24)
>36 591.05 17 0.87 (0.53-1.41) 0.76 (0.46-1.26) 30 1.01 (0.70-1.46) 0.89 (0.61-1.29)
Metformin User type
New use post diagnosis 866.46 47 0.91 (0.68-1.22) 0.90 (0.67-1.22) 62 0.95 (0.74-1.23) 0.94 (0.72-1.22)
Continuing use from pre- 701.30 71 0.97 (0.77-1.24) 0.81 (0.61-1.06) 88 1.08 (0.87-1.33) 0.86 (0.67-1.11)
diagnosis
Use only pre-diagnosis 244.24 62 1.47 (1.14-1.90) 1.16 (0.87-1.55) 68 1.50 (1.18-1.92) 1.15 (0.87-1.51)
Never use 23,375.04 2448 1 1 2766 1 1

*Models adjusted for age at diagnosis, diagnosis year, income, surgery after diagnosis, previous cancer, diabetes history, cardiovascular disease, cerebrovascular
disease, peripheral vascular disease, renal disease, cardiopulmonary disease, hormone replacement therapy, statin, f-blockers, insulin, other diabetic medications

Table 4

Post-diagnostic metformin prescription dispensation and risk of ovarian cancer specific and all-cause mortality in a diabetic ovarian cancer patients.

Ovarian cancer specific mortality

All-cause mortality

Person- Mortality Crude HR (95%  Adjusted HR* (95 Mortality Crude HR (95%  Adjusted HR* (95
years events CD % CI) events CD % CI)
(n=412) (n=477)
Diabetic medication users
Metformin users 1073.66 91 0.65 (0.51- 0.71 (0.54-0.91) 121 0.74 (0.59- 0.81 (0.64-1.02)
0.84) 0.92)
Non-users 1921.99 321 1 1 356 1 1
Cumulative duration of metformin
use, months
<12 294.75 43 0.69 (0.50- 0.74 (0.53-1.05) 50 0.75 (0.55- 0.82 (0.59-1.13)
0.97) 1.03)
12-24 214.06 24 0.71 (0.46- 0.74 (0.47-1.16) 33 0.87 (0.59- 0.89 (0.60-1.33)
1.11) 1.28)
24-36 154.90 13 0.67 (0.37- 0.70 (0.38-1.27) 14 0.60 (0.34- 0.64 (0.36-1.13)
1.21) 1.06)
>36 409.95 11 0.44 (0.22- 0.52 (0.27-1.02) 24 0.66 (0.41- 0.81 (0.50-1.30)
0.84) 1.06)
Metformin User type
New use post diagnosis 373.86 21 0.56 (0.35- 0.64 (0.40-1.02) 34 0.73 (0.51- 0.88 (0.60-1.28)
0.88) 1.06)
Continuing use from pre-diagnosis 699.80 70 0.70 (0.54- 0.76 (0.56-1.01) 87 0.77 (0.60- 0.82 (0.63-1.07)
0.93) 0.98)
Use only pre-diagnosis 240.68 60 1.25 (0.93- 1.23 (0.90-1.68) 66 1.33 (0.99- 1.28 (0.95-1.72)
1.70) 1.77)
Never use 1681.31 261 1 1 290 1 1

*Models adjusted for age at diagnosis, diagnosis year, income, surgery after diagnosis, previous cancer, cardiovascular disease, cerebrovascular disease, Peripheral
vascular disease, renal disease, Cardiopulmonary disease, hormone replacement therapy, statin, p-blockers, insulin, other diabetic medications

an ~30 % reduction in ovarian cancer mortality and all-cause mortality
among diabetic patients using metformin compared to diabetic patients
who did not use metformin. When comparing patients using metformin
to all other patients not using metformin, we found a reduction in both
ovarian cancer and all-cause mortality that did not reach statistical
significance.

Our finding of no significant mortality benefit for metformin users
when comparing with non-diabetic non-users is consistent with a meta-
analysis that reported that when correcting for immortal time bias, there
was no survival benefit for metformin users [19]. We addressed
immortal time bias by using a time-dependent variable to categorize
exposure to metformin, allowing people to move from a period of
non-exposure to exposure and thus eliminating immortal time bias. Our
finding of a significant mortality benefit within diabetic patients is also
inconsistent with a recent meta-analysis that reported finding consistent

results comparing metformin users with nondiabetic non-users and
studies comparing metformin users with diabetic non-users [24]. While
that meta-analysis reported that metformin use was associated with
reduced ovarian cancer mortality of approximately 30 % in both groups,
we only found that reduced mortality in the diabetic group.

We also found no statistically significant relationships by cumulative
duration of use of metformin, or by user-type in our adjusted models.
However, in the unadjusted models in the diabetic cohort, new use post-
diagnosis was associated with the largest reduction in ovarian cancer
specific mortality. This was no longer significant following adjustment.
While the hazard ratio was in the direction of improved survival, the
confidence interval widened to include 1. While this could suggest
confounding by prognosis, where the diabetic patients who receive a
favourable ovarian cancer prognosis are more likely to be prescribed
metformin, there was also a significant reduction in mortality with those
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continuing use from pre-diagnosis in the unadjusted models. The
adjusted hazard ratio for continuing users also remained protective but
lost statistical significance following adjustment for covariates. Thus, we
cannot rule out the possibility of residual confounding by ovarian cancer
prognosis in this analysis, and it is possible that the diabetic patients
who seem most likely to survive their ovarian cancer are the same pa-
tients who are started on metformin or are encouraged to continue using
their metformin.

The fact that the protective effect of metformin reached statistical
significance only within the diabetic cohort may be related to the
consistent finding that diabetes is associated with reduced survival after
ovarian cancer [25,26]. While metformin appears to be associated with
increased survival among non-diabetics, the cohort used in this study
included less than 5 non-diabetic metformin users (exact number cannot
be disclosed due to privacy restrictions). Thus, when examining the role
of metformin in the entire cohort, the comparison was between diabetic
metformin users and non-diabetic non-users. It is possible that the
reduced survival inherent to having comorbid diabetes may have offset
some of the protection afforded by the metformin. Thus, future research
should examine the role of metformin by examining whether it is pro-
tective among non-diabetic users. This would likely require a prospec-
tive study, and preferably a randomized controlled trial to also eliminate
the confounding by ovarian cancer prognosis.

Some strengths of our study include the large size of 4951 ovarian
cancer patients, the population-based nature of the study, and the long
follow-up. The most important limitations are those that cannot be
overcome when using observational study designs. Firstly, as mentioned
above, we have no information on metformin use among people without
diabetes, and thus our estimates of the effect of the medication on sur-
vival cannot be separated from the effects of diabetes on survival. We
also suffer from limitations common to studies using administrative
datasets, including possible misclassification of exposure, given that our
prescription drug database provides information on prescriptions that
were dispensed at a pharmacy, which does not mean those prescriptions
were used completely and as prescribed. However, the use of two filled
prescriptions to classify a person as a user would have limited this
misclassification, as people who do not use or completely use a medi-
cation generally do not refill that prescription. We are also limited in our
ability to classify ovarian cancers by histotype, as we are relying on ICD-
O morphology codes, which can be vague. These codes also vary in
precision over time, as ovarian cancer pathology improved during our
study period. We were also limited by our small number of metformin
users, which made is impossible to conduct histotype-specific analyses
for any histotype other than serous ovarian cancer. Given that metfor-
min is generally used to treat type 2 diabetes, we may have ended up
with selection bias in the diabetic cohort, wherein more type 1 diabetics
ended up in the non-user group. However, type 1 diabetics generally use
insulin, and there were only 36 (7.6 %) of people using insulin in the
non-user group and 36 (15.2 %) using insulin the metformin suggesting
this is unlikely to be a significant source of bias. Finally, access to richer
data on ovarian cancer prognosis would have helped us address what we
hypothesize is confounding by prognosis in our diabetic cohort.

Conclusion

This study found evidence of improved survival following a diagnosis
of ovarian cancer for people using metformin, particularly when
comparing diabetic metformin users to diabetic non-users. While we
cannot rule out bias, particularly due to ovarian cancer prognosis, future
research should examine whether metformin use among non-diabetic
patients might improve ovarian cancer survival. The best study design
for this question is a randomized controlled trial, as it will also eliminate
the confounding by prognosis that is impossible to completely address
using observational research designs.
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