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Abstract

Associations between Diabetes, Metformin, and Second Breast Cancer Among Women with

Prior Ductal Carcinoma In Situ
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Christopher Li
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Background: Women with a history of ductal carcinoma in situ (DCIS) face a higher risk of
second breast cancer, yet little is known regarding the association of type 2 diabetes and
metformin use and risk of second breast cancer among women with a history of DCIS. Methods:
We conducted a population-based nested case-control study within a cohort of women diagnosed
with DCIS between 1995 and 2013, including 497 cases of second breast cancer and 965
matched controls. Results: Compared to those with no diabetes, we found that type 2 diabetes
and diabetes duration were not significantly associated with second breast cancer risk. Compared
with never users, recent metformin use was significantly associated with reduced risk (OR =
0.36; 95% CI: 0.14-0.95), particularly with >36 months of use (OR = 0.24; 95% CI: 0.07—-0.86).
Conclusions: These findings suggest that recent and long-term metformin use is associated with
a reduced risk of second breast cancer among women with a history of DCIS. Further studies
with larger diabetic populations and more complete medication histories should be conducted to

confirm these findings and inform prevention strategies.



Introduction

As the most prevalent cancer among women, breast cancer accounted for 8.2 million 5-year
prevalent cases globally in 2022, with 2.3 million new cases diagnosed in 2022 alone.! In the
United States (US), approximately 30% of screen-detected breast cancers diagnosed are ductal
carcinoma in situ (DCIS).? It has been shown that compared to women who have never had
breast cancer before, a history of DCIS increases the risk of a second invasive breast cancer

diagnosis by 340%.?

According to the Centers for Disease Control and Prevention (CDC), more than 38 million
people in the United States were living with diabetes in 2021.* In adults, the disease affected men
(15.4%) and women (14.1%) at similar rates, and the majority of cases (90-95%) were type 2

diabetes.*>

Among women diagnosed with breast cancer, 16-20% have also been found to have type 2
diabetes.® Previous studies have identified type 2 diabetes as a risk factor for breast cancer and
cancer-specific mortality. A meta-analysis published in 2012, found that women with type 2
diabetes had a 16% increased risk of breast cancer compared to women without diabetes when
adjusted for BMI.” A 2013 systematic review and meta-analysis found that patients with breast
cancer and concurrent diabetes had a 38% higher cancer-specific mortality risk.> While past
studies have linked diabetes and breast cancer °, there is limited knowledge on the association of
diabetes and second breast cancer among women who have previously been diagnosed with

DCIS.

A study published in 2021 found that the association between type 2 diabetes and breast cancer

may be modified by metformin use.!® Metformin is an oral type 2 diabetes treatment that



improves glycemic control without weight gain, counters insulin resistance, and has been
associated with long term cardiovascular benefits.!! As a first line biguanide medication,
metformin is the most widely prescribed glucose-lowering medication.!? In recent years, non-
cancer drugs, including metformin, have been effectively repurposed as cancer treatments. '3
While early observational studies have found lower risks of breast cancer incidence among
patients using metformin, conflicting results have been published regarding the role metformin
treatment has on breast cancer risk.!*"'® To date, there has been no research examining the role
metformin has on a second breast cancer diagnosis among women with a prior DCIS diagnosis
and diabetes. In breast cancer patients without diabetes randomized to metformin versus placebo,
the MA.32 trial found that metformin had no impact on invasive disease—free survival and was
not significantly associated with the risk of second primary cancers.!”!® The objective of this
study was to examine the associations between diabetes, metformin use, and risk of second

breast cancer among women with a prior DCIS diagnosis.

Methods

Study Population

This study used a population-based nested case-control design within a cohort of 4,157 women
identified in the In-Situ Survivors Involved in Gaining Health Answers Together (INSIGHT)
study who were over 18 years old in Seattle-Puget Sound, Washington with a history of DCIS
diagnosed between 1995 and 2013. Participants were identified through the Cancer Surveillance
System, which is the Surveillance, Epidemiology and End Results (SEER) cancer registry that

serves western Washington state.



Cases were identified as developing a second primary breast cancer at least 6 months after an
initial DCIS diagnosis. Matched controls were identified through the registry as having no
evidence of disease after the initial case of DCIS. Cases and controls were matched 1:2 on age
(+/- 2 years), year of initial diagnosis of DCIS (+/- 2 years), county of residence at diagnosis,
surgical treatment and radiation treatment (biopsy only, lumpectomy without radiation,
lumpectomy with radiation, total mastectomy only), histology, grade of initial DCIS lesion, and
disease-free survival time. Exclusion criteria included bilateral mastectomy for their initial
DCIS, developed non-breast cancer, or less than 6 months of follow-up after primary DCIS
diagnosis. Of the eligible 705 cases, who developed a secondary invasive or DCIS breast cancer
between the year of their DCIS diagnosis and 2013, 497 women enrolled, and 965 controls were
matched (women with DCIS who did not develop a second breast cancer between the year of
their DCIS diagnosis and 2013) (Figure 1). The study was approved by the Institutional Review

Board at the Fred Hutchinson Cancer Research Center (FHCRC).

At enrollment, medical record abstraction and phone interviews were conducted to collect
information on demographic, epidemiologic, and clinical factors. If discrepancies arose between
medical records and self-reported data, medical records were prioritized. Self-reported data was
used if the participant refused medical record review. Epidemiologic risk factors, diabetes
information, and medication use data were collected from date of first DCIS diagnosis to
reference date. Reference dates were date of second breast cancer diagnosis for cases and
controls were assigned a reference date based on their matched case. The primary outcome was a
second breast cancer diagnosis; either invasive or in situ breast cancer at least 6 months after an

initial DCIS diagnosis.



Participants were categorized as having a history of type 2 diabetes if a diagnosis of type 2
diabetes was indicated in their medical record or if participants self-reported that a physician or
other health professional told them they had type 2 diabetes. Participants were classified as never
having been diagnosed with diabetes if they self-reported that they had no history of any type of
diabetes, including type 1, type 2, or gestational diabetes or if there was no indication that they
had a history of any type of diabetes in their medical records. Participants with missing diabetes
status, or diagnosed with an unknown type of diabetes, gestational diabetes, or type 1 diabetes
but never type 2 diabetes were excluded from analysis (n=100 cases and n=286 controls).
Diabetes duration was categorized as ‘<5 years’ or ‘>5 years’ prior to second breast cancer
diagnosis among patients with type 2 diabetes. Duration was calculated from date of type 2

diabetes diagnosis as indicated from medical records to reference date.

Recency of metformin use was categorized as ‘recent’, former’, or ‘never’ as indicated in
medical records or from self-reported medication use among participants with a history of
diabetes. ‘Recent’ was defined as use of metformin within 6 months prior to their reference date.
‘Former’ was defined as last use of metformin >6 months prior to reference date. ‘Never’ was
defined as never using metformin prior to reference date. Participants with missing metformin
current use status were excluded from analysis (n=96 cases and n=282 controls). Missingness
resulted either from incomplete medical records or from survey design, in which participants
who did not report a history of diabetes were not subsequently asked about diabetes medication
use. Among recent metformin users, duration was categorized as 6—35 months and >36 months
to differentiate intermediate from long-term exposure while balancing distribution across groups;
participants with <6 months of use were excluded from analysis as short-term exposure is

unlikely to have biologically meaningful effects (n= 0).!° Duration of use was defined by the



months of metformin use within 2 years before initial DCIS diagnosis until reference date. If
medical records were not available, duration was calculated from self-report start and stop date

of metformin use within 2 years before initial DCIS diagnosis until reference date.

Statistical Analyses

To examine the correlation between medical record and self-reported variables, Cohen’s kappa
coefficient was calculated. To examine the association between type 2 diabetes, metformin, and
risk of second breast cancer among women with a history of DCIS, we conducted conditional
logistic regression to calculate odds ratios (ORs) and 95% confidence intervals (CI). Matched
sets with missing data on modeled variables were excluded from analyses. All models were
implicitly adjusted on matching factors for case/control matches (age, year of initial diagnosis,
county of residence, surgical and radiation treatment, histology, grade of initial DCIS lesion, and
disease-free survival time). Due to limited literature on risk factors for second breast cancer
among patients previously diagnosed with DCIS potential confounders were evaluated using the
change-in-estimate criterion for all models and retained in the final model if they altered the odds
ratio by >10%, using only participants with complete data. When examining the association
between type 2 diabetes and risk of second breast cancer, race, BMI at DCIS diagnosis, number
of full-term pregnancies, menopausal status, and age at menarche were evaluated as potential
confounders. The final model for diabetes status retained age at menarche as a confounder; the
final diabetes duration model retained race and BMI as confounders. When examining the
association between metformin use and risk of second breast cancer, adjuvant hormone therapy,
aspirin use, statin use, race, BMI at DCIS diagnosis, number of full term pregnancies,
menopausal status at DCIS diagnosis, and age of menarche were evaluated as potential

confounders. Final models for recency and duration of metformin use retained all evaluated



variables as confounders. All analyses were conducted using RStudio (version 2021.09.0) with a

two-sided p-value <0.05 considered as statistically significant.

Results

The 965 controls and 497 cases in this study had similar distributions of age, year of DCIS
diagnosis, race and ethnicity, DCIS grade, and primary DCIS treatment (Table 1). Cases were
somewhat less likely than controls to have used adjuvant hormonal therapy for DCIS, to have a
lower BMI, and to have an earlier age at menarche. Among cases, the mean time from DCIS to

second cancer diagnosis was 70.0 months.

In multivariable adjusted models, type 2 diabetes was not statistically significantly associated
with risk of a second breast cancer diagnosis among women with a prior DCIS diagnosis (OR =
1.09, 95% CI: 0.63, 1.90) (Table 2). When evaluating duration of diabetes as of the reference
date, neither a history of diabetes for <5 years (OR = 0.85; 95% CI: 0.41, 1.76) or >5 years (OR
=0.76; 95% CI: 0.42, 1.36) was associated with risk of a second breast cancer diagnosis

compared to those without diabetes.

Recent metformin use was associated with a statistically significant lower risk of second breast
cancer compared to never use (OR = 0.36; 95% CI: 0.14—0.95), while former use was not
statistically significant (OR = 0.59; 95% CI: 0.18-2.0) (Table 3). Longer duration of recent
metformin use (>36 months) was associated with a statistically significant reduced risk (OR =
0.24; 95% CI: 0.07-0.86), but recent use for 635 months was not statistically significant (OR =

0.66; 95% CI: 0.15-2.93).



To assess potential confounding by indication, we conducted a sensitivity analysis restricted to
only participants with a history of type 2 diabetes. Due to sample size limitations, these models
were adjusted only for matching variables. Among women with both DCIS and diabetes, neither
former or recent metformin use was associated with second breast cancer risk. There was a
suggestion that recent metformin use for >36 months was associated with a reduced risk of a

second breast cancer diagnosis but this risk estimate was within the limits of chance.

Data Validation

Cohen’s kappa coefficients were calculated for variables with complete cases, where both
interview and medical record data were used for analysis (diabetes status, recency of metformin
use, and duration of metformin use). For diabetes status, the kappa coefficient was k = 0.795
based on 895 complete participants. The kappa for metformin use was « = 0.722, with 69

complete cases.

Discussion

To our knowledge, this is the first population-based study to examine the relationship between
type 2 diabetes and risk of a second breast cancer among women with a prior DCIS diagnosis.
Although no significant association was observed in our study, prior evidence from meta-
analyses conducted in 2012 and 2023 have shown that type 2 diabetes is associated with a
modest increase in risk of primary breast cancer (summary relative risks of 1.15 (95% CI: 1.09-
1.21) and 1.16 (95% CI: 1.10-1.22).72° Alternatively, a subsequent large population-based study
found that while having type 2 diabetes did not increase risk, an increased duration of diabetes
for 15 years or longer was associated with a reduced risk of breast cancer.?! However, studies

evaluating diabetes and subsequent cancer risk among breast cancer survivors have largely



focused on women with primary invasive disease rather than non-invasive DCIS. 223

Differences in underlying study populations and cancer type (invasive vs. in situ) may contribute

to variation in findings across studies

We also observed that both recent (within 6 months) and long-term (>36 months) metformin use
were associated with a reduced risk of second breast cancer among women with a prior history of
DCIS. This is the first study to evaluate this relationship. Metformin’s anti-cancer effects act
through a number of pathways, including triggering AMP-inducible protein kinase pathways and
indirect inhibition of the HER2 signaling cascade, a key driver of tumor growth in breast cancer
cells.?*26 Evidence regarding the relationship between metformin use and breast cancer risk is
mixed. Our finding that long-term use of metformin reduces secondary breast cancer risk aligns
with an observational study that found that women with type 2 diabetes who used metformin for
more than 5 years had a decreased risk of breast cancer.?’ Alternatively, a recent meta-analysis
found no significant reduction in breast cancer risk among metformin users, and lack of efficacy
was observed in clinical trials that primarily evaluated metformin as an adjuvant or neoadjuvant
treatment in breast cancer patients.!®2%2® Likewise, the MA.32 randomized controlled trial
reported no improvement in survival outcomes and no reduction in the risk of second primary
cancers.!”!® Nevertheless, combination therapies of metformin with other treatments, such as
HER2-targeted drugs and chemotherapy, may still offer anti-cancer benefits.!>*¢ Though our
sensitivity analyses restricted to women with a history of type 2 diabetes were underpowered,
they did suggest a protective effect among recent users for three years or longer mitigating
concerns about potential confounding by indication. However, given that ours is the first study to
report on the relationship between metformin use and risk of a second breast cancer among

women with DCIS this finding should be interpreted cautiously, and further research is needed.



It is important to acknowledge the limitations of this study. This study was restricted to women
in the Seattle-Puget Sound region and its predominantly non-Hispanic White population limiting
its potential generalizability. However, it did utilize a population-based study design overcoming
biases present from studies based on selected populations or single institutions. All observational
studies are also vulnerable to various sources of bias and confounding. Recall bias was mitigated
by our use of medical records as the primary source of exposure information. Key potential
confounders were accounted for in the study’s design as cases and controls were individually
matched on a number of key variables. Additional variables were adjusted for in our statistical
analyses. A further limitation is that missing information on metformin use was treated as
missing rather than non-use; future analyses could evaluate the impact of categorizing missing

data as never use.

While type 2 diabetes was not found to be associated with second breast cancer risk in women
with prior DCIS in our study, recent and longer duration of metformin use was associated with
reduced risk. These findings suggest further investigation into the potential role of metformin as
an anti-cancer treatment in women with DCIS or other high-risk breast cancer populations is
needed. Future studies with larger samples of patients with breast cancer and diabetes and more
complete medication histories are warranted to clarify these associations and inform prevention

strategies.



Figure 1. Study Design

Cancer Surveillance System (CSS)
(Surveillance, Epidemiology and End Results (SEER) cancer registry that serves western Washington state)

Women 30-79 years diagnosed with ductal carcinoma in situ (DCIS) between 1995-2013
(n=4,157)

Excluded:

- Bilateral mastectomy

- Developed non-breast cancer
- <6 months follow-up

| |

Eligible cases: Eligible controls:
Developed second invasive or in . 9 .
situ breast cancer 26 months Did not develop.second brealst
following initial diagnosis cancer event during study period
(n=705) (n=1,695)

Case/Control Rate: 1:2

Did not enroll: Did not enroll:
) ' (n=730)

(n=208) Matching Criteria:

Age, year of DCIS diagnosis, county of
residence, surgical and radiation treatment,
histology and grade of initial DCIS, and
disease-free survival time.

Enrolled cases Enrolled controls
(n=497) (n=965)




Tables

Table 1. Demographic and clinical factors by case-control status, (N=1462)

Control Case
(N=965) (N=497)
n (%) n (%)
Age at DCIS diagnosis, years
<50 317 (32.8) 170 (34.2)
50-59 326 (33.8) 166 (33.4)
60-69 217 (22.5) 107 (21.5)
70-79 105 (10.9) 54 (10.9)
Time from DCIS to 2nd cancer diagnosis,
months
Mean (SD) 68.8 (49.5) 70.0 (49.7)
Median [Min, Max] 57.0[6.00, 213] 58.0[6.00, 213]
Year of DCIS diagnosis
1995-1997 255 (26.4) 115 (23.1)
1998-2000 208 (21.6) 129 (26.0)
2001-2004 266 (27.6) 127 (25.6)
2005-2013 236 (24.5) 126 (25.4)
Race/Ethnicity
Hispanic White 15 (1.6) 12 (2.4)
Non-Hispanic White 871 (90.3) 435 (87.5)
Black 17 (1.8) 14 (2.8)
Asian/Pacific Islander 48 (5.0) 26 (5.2)
Native American 14 (1.5) 9(1.8)
DCIS Grade
Well differentiated 23 (2.4) 18 (3.6)
Moderately differentiated 242 (25.1) 104 (20.9)
Poorly differentiated 240 (24.9) 117 (23.5)
Undifferentiated 279 (28.9) 154 (31.0)
Primary DCIS treatment
Biopsy only 12 (1.2) 13 (2.6)
Lumpectomy without radiation 250 (25.9) 125 (25.2)



Table 1. Demographic and clinical factors by case-control status, (N=1462)

Control Case
(N=965) (N=497)
n (%) n (%)
Lumpectomy with radiation 491 (50.9) 253 (50.9)
Total mastectomy only 212 (22.0) 106 (21.3)
Adjuvant hormonal therapy for DCIS
No 598 (62.0) 348 (70.0)
Yes 364 (37.7) 149 (30.0)
Adjuvant hormonal therapy for DCIS by type
Tamoxifen only 259 (26.8) 109 (21.9)
Aromatase inhibitor only 20 (2.1) 9(1.8)
Tamoxifen & aromatase only 22 (2.3) 5(1.0)
BMI at DCIS diagnosis, kg/m?
<25 442 (45.8) 195 (39.2)
25-29 264 (27.4) 139 (28.0)
>30 199 (20.6) 130 (26.2)
Age of Menarche, years
<12 122 (12.6) 91 (18.3)
12-13 467 (48.4) 205 (41.2)
>14 192 (19.9) 99 (19.9)
Menopausal status at DCIS diagnosis
Pre-/perimenopausal 350 (36.3) 191 (38.4)
Postmenopausal 577 (59.8) 291 (58.6)
Number of full-term pregnancies
0 193 (20.0) 106 (21.3)
1 135 (14.0) 79 (15.9)
2 324 (33.6) 150 (30.2)
>3 271 (28.1) 144 (29.0)
Aspirin use
No 662 (68.6) 329 (66.2)
Yes 107 (11.1) 61 (12.3)

Statin use



Table 1. Demographic and clinical factors by case-control status, (N=1462)

Control Case
(N=965) (N=497)
n (%) n (%)
Never 386 (40.0) 228 (45.9)
<6 months to reference date 59 (6.1) 28 (5.6)
>6 months to reference date 138 (14.3) 87 (17.5)

Table 2. Associations between diabetes and risk of second breast cancer diagnosis among
women with a prior ductal carcinoma in situ (DCIS)

Cases (n=469) Controls(n=885) OR (95% CI)
n (%) n (%)
Diabetes status
No diabetes 354 (89.2) 597 (87.9) Reference
Type 2 diabetes 43 (10.8) 82 (12.1) 1.09 (0.63, 1.90)
Diabetes duration
No diabetes 354 (89.4) 597 (88.0) Reference
<5 years 18 (4.5) 27 (4.0) 0.85(0.41, 1.76)
>5 years 24 (6.1) 54 (8.0) 0.76 (0.42, 1.36)

* Implicitly adjusted for matching variables. Diabetes status model was additionally adjusted
for age at menarche and diabetes duration model was additionally adjusted for race and BMI.

Table 3. Associations between metformin and risk of second breast cancer diagnosis
among women with a prior ductal carcinoma in situ (DCIS)

Cases (n=401) Controls(n=683) OR (95% CI)
n (%) n (%)
Recency of metformin use
Never 368 (91.8) 621 (90.9) Reference
Former 11 (2.7) 24 (3.5) 0.59 (0.18, 2.0)
Recent 22 (5.5) 38 (5.6) 0.36 (0.14, 0.95)
6 - 35 months 8 (2.1) 11 (1.7) 0.66 (0.15, 2.93)
> 36 months 14 (3.6) 26 (4.0) 0.24 (0.07, 0.86)

*Implicitly adjusted for matching variables and additionally adjusted for adjuvant hormone
therapy, aspirin use, statin use, race, BMI at DCIS diagnosis, number of full-term pregnancies,
menopausal status at DCIS diagnosis, age at menarche.




Table 4. Associations between metformin and risk of second breast cancer diagnosis
among women with a prior ductal carcinoma in situ (DCIS) and diabetes

Cases (n=39) Controls(n=81) OR (95% CI)

n (%) n (%)
Recency of metformin use
Never 14 (35.9) 25(30.9) Reference
Former 9 (23.1) 21(25.9) 0.85(0.27 —2.43)
Recent 16 (41.0) 35 (43.2) 0.96 (0.38 —2.42)

6 - 35 months 7 (23.3) 11 (18.3) 1.4 (0.42, 4.89)
> 36 months 9 (30.0) 24 (40.0) 0.78 (0.27, 2.20)

* Adjusted for matching variables.
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