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Abstract

Menopausal users of hormone replacement therapy (HRT) are at increased breast cancer risk and decreased colorectal cancer (CRC)
risk compared with individuals who have never used HRT, but these opposing associations may differ by familial risk of breast can-
cer and CRC. We harmonized data from 3 cohorts and generated separate breast cancer and CRC familial risk scores based on cancer
family history. We defined moderate or strong family history as a risk score of 0.4 or higher, where 0.4 was equivalent to a 50-year-
old woman with 1 parent diagnosed with either breast cancer or CRC at 55 years of age. Of 24486 women assessed, 1243 and 405 were
diagnosed with incident breast cancer and CRC, respectively. For breast cancer, menopausal HRT ever use versus never use hazard
ratios were 1.27 (95% CI=1.11 to 1.45) for a breast cancer familial risk score below 0.4 and 1.01 (95% CI=0.82 to 1.25) for a breast can-
cer familial risk score of 0.4 or higher (Pgifference = -08). For CRC, menopausal HRT hazard ratios were 0.63 (95% CI=0.50 to 0.78) for a
CRC familial risk score below 0.4 and 1.21 (95% CI=0.73 to 2.00) for a CRC familial risk score of 0.4 or higher (Paifference =-03).
Associations with menopausal HRT use that apply to the general population may not hold for women at moderate or strong familial
risk of these cancers.
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Epidemiological studies have found that women who have ever
used menopausal hormone therapy, commonly refered to as hor-
mone replacement therapy (HRT), are at approximately 20%
increased risk of breast cancer but at approximately 20%
decreased risk of colorectal cancer (CRC) compared with women
of the same age who have never used HRT,"? although only a
small proportion of women in these studies had a family history
of these cancers. When counseling patients about risk, a com-
mon approach to estimate the overall risk from family history
and menopausal HRT is to multiply the 2 relative risks, then mul-
tiply the product by the absolute risk for people without a family
history and who do not use menopausal HRT.® Studies using
polygenic risk scores show that both breast cancer and CRC asso-
ciations were strongest in the highest quintile of risk,** but these
polygenic risk scores explain less than 20% of the familial relative
risk.®” As we observed differences in breast cancer risk for other
exposures due to family history,®° we examined whether these
menopausal HRT associations also applied to women at higher
baseline risk because of their family history of cancer—a key
clinical issue for risk management in such individuals seen in
cancer genetic clinics because most of them are found not to
carry high-risk genetic variations.*

We harmonized data from 3 international cohorts: the
Prospective Family Study Cohort (ProF-SC) baseline data from
1992 to 2011, the Colon Cancer Family Registry Cohort (CCFRC)
baseline data from 1997 to 2012, and the Melbourne
Collaborative Cohort Study (MCCS) follow-up visit 2 data from
2003 to 2007. The ProF-SC comprises baseline and follow-up data
from the Breast Cancer Family Registry Cohort, formed by a col-
laboration among 6 centers in the United States, Canada, and
Australia and the Kathleen Cuningham Foundation Consortium
for Research into Familial Breast Cancer.'' The CCFRC was
formed by a collaboration among 7 sites in the United States,
Canada, and Australia."®> The MCCS is a prospective study of par-
ticipants recruited in Melbourne, Australia.’® All participants
provided written informed consent before enrollment, and the
study protocols were approved by institutional review boards.
We harmonized cancer risk factor data collected using question-
naires, which captured demographic characteristics; height and
weight; reproductive history; lifestyle factors; and first-degree
family history of breast cancer and CRC, including age at diagno-
sis. Information about vital status, with date or age of death
(where applicable), was obtained from population registries and
proxy reports. We sought confirmation of all reported invasive
breast cancer and CRC diagnoses and ages at diagnosis for partic-
ipants using pathology reports, medical records, cancer registry
reports, and death certificates, where possible.***?

Eligible participants included women aged 45 to 75years at
baseline without a personal history of any cancer and not known
to have pathogenic (or likely pathogenic) variants in BRCAI,
BRCA2, MLH1, MSH2, MSH6, or PMS2. For breast cancer and CRC,
we generated the following:

familial risk score=log((individual 5-year risk calculated by
Breast and Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm™ and CRISP**"*° risk tools, respectively)/
population average risk for each age)

We modeled risk associations with the breast cancer and CRC
familial risk scores as continua, and they did not diverge appreci-
ably from linearity (P>.05). As the median familial risk score in
these cohorts was 0.4 for women with a family history of either
disease, we defined moderate to strong family history as a risk
score of 0.4 or above, where 0.4 was equivalent to a 50-year-old

woman with 1 parent diagnosed with either cancer before 55 years
of age. Time at risk of breast cancer or CRC started at 2months
after the baseline questionnaire (to exclude undetected cancers at
baseline) and continued to the first of date of diagnosis of invasive
breast cancer or CRC, date last known to be undiagnosed with
breast cancer or CRC, date of death, or (for breast cancer) date of
bilateral mastectomy. We used Cox regression, with age as the
time scale, to estimate hazard ratios and 95% confidence interval
(CI) for menopausal HRT use, stratified by study and adjusted for
body mass index, parity, education level, alcohol consumption,
smoking status, oral contraceptive use, and country of residence.
We evaluated menopausal HRT use by never or ever use; secon-
dary analyses included never, former, or current use; age at base-
line (<60 or >60years); duration of menopausal HRT use (<5 or
>5years); and whether women had had a hysterectomy, all meas-
ured at baseline. We assumed that women on menopausal HRT
were using a combined therapy unless they reported having had a
hysterectomy, in which case we assumed the use of estrogen
alone. For all analyses, the referent group was women who
reported never on menopausal HRT. Tests of the proportional haz-
ards assumption were based on Schoenfeld residuals. A robust
variance estimator was used to account for multiple family mem-
bers within the cohorts. We specified cross-product terms to test
for multiplicative interactions of menopausal HRT with breast
cancer and CRC familial risk scores. Statistical significance was
determined as P less than.05 for a 2-sided hypothesis test.
Analyses were conducted using Stata, version 16.1, statistical soft-
ware (StataCorp LP).

There were 310789 person-years of observation of 24488
women (ProF-SC, N=6181; CCFRC, N=6726; MCCS, N=11581),
of which 1243 individuals were diagnosed with incident breast
cancer and 405 with incident CRC (Table S1). Hazard ratio esti-
mates for ever use vs never use of menopausal HRT, not strati-
fied by family history, were 1.20 (95% CI=1.07 to 1.34) for breast
cancer and 0.73 (95% CI=0.59 to 0.90) for CRC. Menopausal HRT
ever use vs never use hazard ratios by continuous variables of
breast cancer-specific and CRC-specific familial risk scores show
that the confidence intervals cross 1.0 at a familial risk score of
approximately 0.4 for both breast cancer and CRC (Figure 1). For
breast cancer, menopausal HRT hazard ratios were 1.28 (95%
Cl=1.12 to 1.46) for a breast cancer-specific familial risk score
less than 0.4 and 1.02 (95% CI=0.83 to 1.27) for a score of 0.4 or
higher (Paifference = .08). For CRC, menopausal HRT hazard ratios
were 0.66 (95% CI=0.53 to 0.83) for a CRC-specific familial risk
score below 0.4 and 1.21 (95% CI=0.74 to 1.98) for a score of 0.4
or higher (Pgifference = .03).

Breast cancer risk secondary analyses did not find any major
differences (all Pinteraction >.05), except for family history of
breast cancer (Figure 2)—that is, there was no evidence for multi-
plicative risk of menopausal HRT use by family history. For
women without a family history of CRC, there was no evidence of
differences in the negative risk associations by subgroups (all
Pinteraction > -05). For women with a family history of CRC, there
was no evidence of an association with decreased risk for any of
the subgroups of menopausal HRT use, although hazard ratios
were imprecise.

Using a pooled analysis of 3 large prospective cohorts, we
demonstrated the utility of examining the associations of meno-
pausal HRT use across 2 common cancers, stratifying on cancer
family history. Just as breast cancer and CRC have distinct etiolo-
gies, as reflected in the different directions of their associations
with menopausal HRT use, these results suggest that they may
also be the distinct etiologies within a given cancer for women
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Figure 1. Hazard ratios (solid lines) and 95% confidence intervals
(dashed lines) of breast and colorectal cancer risk in relation to ever vs
never use of menopausal HRT by their cancer-specific familial risk score.
A familial risk score of 0 denotes the population average. Analyses were
stratified by study and adjusted for body mass index (continuous), parity
(0,1, 2,3, >4 live births), education level (high school or less, some
college or university, bachelor’s degree or higher), smoking status (never,
former, current), oral contraceptive use (never, ever), and country of
residence (Australia, Canada, United States). HRT = hormone
replacement therapy.

with a family history of that cancer. Cancer risks for individuals
with a moderate to strong family history may be influenced more
by early-life exposures rather than hormone exposures such as
menopausal HRT later in life."” It is, however, currently unknown
how menopausal HRT use could influence the risk of CRC.*®

A key strength of this study was that we collected data to esti-
mate a woman's absolute risks of breast cancer and CRC based on
the number of relatives with these cancers as well as the relatives’
ages at cancer diagnosis. Given our oversampling of cancer fami-
lies, we were able to informatively study risk estimates for women
across the continuum of familial risk scores as well as stratify the
results based on no, minimal, or moderate to strong family his-
tory; there were at least 50 incident breast or colorectal cancer
cases for most subanalyses. Further, we adjusted for several
potential confounders measured in similar ways and data
harmonized. Some women with moderate to strong family history
may have chosen not to take menopausal HRT because of worries
of their risk being further increased, but most of the participants
were exposed before the landmark Women'’s Health Initiative
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clinical trial results were published in 2002.%° Time-updated men-
opausal HRT use data were not available in our cohorts to explore
this issue further.

Our results suggest that the potentially harmful and beneficial
associations of menopausal HRT observed for breast cancer and
CRC, respectively, for women in the general population may not
apply to women with a first-degree family history of either cancer.
Specifically, we found that use of menopausal HRT may not affect
breast cancer or CRC risk for women with moderate to strong fam-
ily histories. If replicated, these results support the need to under-
stand mechanistically why the associations with menopausal
HRT differ according to a woman'’s family history of cancer.

Acknowledgments

We would like to thank all the investigators, staff, and partici-
pants of the Breast Cancer Family Registry. We wish to thank all
the The Kathleen Cuningham Foundation Consortium for
Research into Familial Aspects of Breast Cancer (kConFab)
research nurses and staff, the heads and staff of the Family
Cancer Clinics, and the Clinical Follow Up Study (which has
received funding from the National Health and Medical Research
Council, the National Breast Cancer Foundation, Cancer
Australia, and the US National Institutes of Health [NIH]) for
their contributions to this resource and the many families that
contribute to kConFab. The CCFR graciously thanks the generous
contributions of its study participants, the dedication of study
staff, and the financial support from the US National Cancer
Institute (NCI), without which this important registry would not
exist. We thank the original MCCS investigators and the diligent
team that recruited the participants and continue working on
follow-up, for their contribution. We also express our gratitude to
the many thousands of Melbourne residents who continue to
participate in the study. The MCCS cohort recruitment was
funded by Cancer Council Victoria (https://www.cancervic.org.
au/) and VicHealth (https://www.vichealth.vic.gov.au/).

Author contributions

Robert J. Maclnnis, PhD (Conceptualization; Data curation;
Formal analysis; Investigation; Methodology; Resources;
Writing—original draft), Melissa C. Southey, PhD (Funding
acquisition; Resources; Writing—review & editing), Graham G.
Giles, PhD (Funding acquisition; Resources; Writing—review &
editing), Niloy J. Samadder, MD (Resources; Writing—review &
editing), Rish K. Pai, MD, PhD (Funding acquisition; Resources;
Writing—review & editing), Steven Gallinger, MD (Funding
acquisition; Resources; Writing—review & editing), Daniel D.
Buchanan, PhD (Funding acquisition; Resources; Writing—review
& editing), Finlay A. Macrae, MD (Resources; Writing—review &
editing), Stephanie L. Schmit, PhD (Funding acquisition;
Resources; Writing—review & editing), Amanda I. Phipps, PhD
(Funding acquisition; Resources; Writing—review & editing),
Polly A. Newcomb, PhD (Funding acquisition; Resources;
Writing—review & editing), Loic Le Marchand, MD, PhD (Funding
acquisition; Resources; Writing—review & editing), kConFab
Investigators, N/A (Resources; Writing—review & editing), Kelly-
Anne Phillips, MD (Funding acquisition; Resources; Writing—
review & editing), Sarah V. Colonna, MD (Funding acquisition;
Resources; Writing—review & editing), Irene L. Andrulis, PhD
(Funding acquisition; Resources; Writing—review & editing),
Mary B. Daly, MD (Funding acquisition; Resources; Writing—
review & editing), Esther M. John, PhD (Funding acquisition;


https://www.cancervic.org.au/
https://www.cancervic.org.au/
https://www.vichealth.vic.gov.au/

JNCI Cancer Spectrum, 2025, Vol. 9, No. 1

Breast cancer

3.0 Overall No family Minimal family Moderate/strong
history of BC history of BC family history of BC
£ 204
=
@
=
8 ‘ .
o \ °
3 ’.‘ ° T e
E ° ‘0 \
5 [ J ® o
2 10—l e el ol Bl - B T L) St iy s e A, e T-F-To--
o | ’ |
S
. 1
o
=
]
]
@
N
2
5 0.5
o
8
2 z & z & za z &
8 o Q o Q o Q 0 Q
] R 1 e A R D 7
@ 2z9 39 2z% 3 £z3 3 £zx32 3%
2z ZZE:gmm > 7ij‘mm P 7¥:(om ZZ —z?E:(mm
= o @ 2T c @ T ® @ T 3 @
el S eEgs e |9 ReEgenes | DN EIEHdS S ANERE RS
%18 2 aRAY 388|838 2337Y¥3388 |8 aaAia388 |3 aaRiz38¢8
8 SSuvounSaa33 |2 S6600sS 333 8 Sdouvuw3Sa33 8 Sou0owulSa33
= MEMETW T N A W = VW 'S » 5 <% = NEANE MG ML NN = MAG ST ML e AR
Colorectal cancer
3.0 - Overall No family Minimal family Moderate/strong
history of CRC history of CRC family history of CRC
[
o<
I 20
3
°
8
o o o ©
o
E
:
s [T e | e e LT B EEE B e B e R R B P
S |
o 1 | ¢ >
® . o ¢
= >
'g L ° : | >
° °
g o1 3
F —
5 3
o 0.5
[ —
s ‘
o
©
s = = T
g g8 Fa g ZR
o =yuisy = = 7 >y = 20
=] < x 4%, - Rl x S K G v T
3 233 223 T X4 TXaa
P R L < Lao g;;;zz iLeo & , x50 ggzzejzz
- ® o =TI - 2 & 2T O 220 ®dd =T 0 20 o o Io -2 @
0'252/\1\/5;‘ QQQgAN:];‘:QQQgANE;‘-QQQ g/\wzjgigg
g 2aa 3 9°9 3 QOPA MBI S 3 o A 1o 388 s 22~ " 3 398
2 22¢¢z2233 |2 222¢2233 |2 2992233 |2 2oeegz22dd

Figure 2. Hazard ratios (dots) and 95% confidence intervals (lines) of breast cancer and CRC risk in relation to subgroups of menopausal HRT use, by
groups’ cancer-specific familial risk score. Minimal family history was defined as having a familial risk score greater than 0 and less than 0.4; moderate
to strong family history was defined as having a familial risk score of 0.4 or higher. Analyses were stratified by study and adjusted for body mass index
(continuous), parity (0, 1, 2, 3, >4 live births), education level (high school or less, some college or university, bachelor’s degree or higher), smoking
status (never, former, current), oral contraceptive use (never, ever), and country of residence (Australia, Canada, United States). CRC = colorectal

cancer; HRT = hormone replacement therapy.
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