RESEARCH

OPEN ACCESS

’ ") Check for updates l

!Division of Primary Care,
University Park, University of
Nottingham, Nottingham NG2
7RD, UK

Nuffield Department of Primary
Care Health Sciences, University
of Oxford, Oxford, UK

Correspondence to:

Y Vinogradova
YanaVinogradova@nottingham.
ac.uk

(ORCID 0000-0002-3030-5257)

Additional material is published
online only. To view please visit
the journal online.

Cite this as: BMJ 2020;371:m3873
http://dx.doi.org/10.1136/bmjm3873

Accepted: 17 September 2020

Use of hormone replacement therapy and risk of breast cancer:
nested case-control studies using the QResearch and CPRD

databases

Yana Vinogradova,' Carol Coupland,’ Julia Hippisley-Cox?

ABSTRACT

OBJECTIVE

To assess the risks of breast cancer associated with
different types and durations of hormone replacement
therapy (HRT).

DESIGN
Two nested case-control studies.

SETTING

UK general practices contributing to QResearch or
Clinical Practice Research Datalink (CPRD), linked to
hospital, mortality, social deprivation, and cancer
registry (QResearch only) data.

PARTICIPANTS

98611 women aged 50-79 with a primary diagnosis
of breast cancer between 1998 and 2018, matched
by age, general practice, and index date to 457 498
female controls.

MAIN OUTCOME MEASURES

Breast cancer diagnosis from general practice,
mortality, hospital, or cancer registry records.

Odds ratios for HRT types, adjusted for personal
characteristics, smoking status, alcohol consumption,
comorbidities, family history, and other prescribed
drugs. Separate results from QResearch or CPRD were
combined.

RESULTS

Overall, 33703 (34%) women with a diagnosis of
breast cancer and 134391 (31%) controls had used
HRT prior to one year before the index date. Compared
with never use, in recent users (<5 years) with long
term use (25 years), oestrogen only therapy and
combined oestrogen and progestogen therapy were

WHAT IS ALREADY KNOWN ON THIS TOPIC

for some years

Long term systemic use of hormone replacement therapy (HRT) is associated
with increased risks of breast cancer, mostly attributable to the progestogens
medroxyprogesterone, norethisterone, and levonorgestrel

After discontinuation of treatment, the increased risks decline, but remain raised

A recent large meta-analysis has reported higher than expected breast cancer
risks associated with HRT

WHAT THIS STUDY ADDS

dydrogesterone

The study confirmed increased risks of breast cancer associated with long term
use of oestrogen only therapy and combined oestrogen and progestogen therapy

The combined treatment associated with the lowest risk increase was estradiol-

The findings suggest lower increased risks of breast cancer associated with
longer term HRT use, and a more noticeable decline in risks once treatment is
stopped compared with the meta-analysis
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both associated with increased risks of breast cancer
(adjusted odds ratio 1.15 (95% confidence interval
1.09to0 1.21) and 1.79 (1.73 to 1.85), respectively).
For combined progestogens, the increased risk was
highest for norethisterone (1.88, 1.79 to 1.99) and
lowest for dydrogesterone (1.24, 1.03 to 1.48). Past
long term use of oestrogen only therapy and past
short term (<5 years) use of oestrogen-progestogen
were not associated with increased risk. The risk
associated with past long term oestrogen-progestogen
use, however, remained increased (1.16, 1.11 to
1.21). In recent oestrogen only users, between three
(in younger women) and eight (in older women) extra
cases per 10000 women years would be expected,
and in oestrogen-progestogen users between nine
and 36 extra cases per 10 000 women years. For

past oestrogen-progestogen users, the results would
suggest between two and eight extra cases per 10000
women years.

CONCLUSION

This study has produced new generalisable estimates
of the increased risks of breast cancer associated with
use of different hormone replacement preparations

in the UK. The levels of risks varied between types of
HRT, with higher risks for combined treatments and for
longer duration of use.

Introduction
Hormone replacement therapy (HRT) (also known
as hormone therapy (HT) or menopausal hormonal
therapy (MHT)) is prescribed to relieve the symptoms of
menopause, which can be life changing. HRT is used by
millions of women, sometimes over extended periods.
A range of hormone combinations are available,
each with different efficacy and side effects. HRT can
bring several improvements to quality of life, and it
can prevent osteoporosis. Concerns about adverse
effects, particularly the increased risk of breast cancer
associated with HRT," has, however, resulted in a
substantial decrease in HRT use over the past 17 years.>
Breast cancer is the most common cancer in women,
with more than 55000 women in the UK affected each
year,’ so different drug use scenarios might result in
substantial differences in the number of women who
develop breast cancer, even though the risk differences
between hormones might seem relatively small.
Current clinical guidelines recommend use of HRT for
no longer than five years and have signalled that more
information is needed about the risks of breast cancer
associated with different types of HRT.*®

Randomised trials using enrolled participants
are now impractical to investigate the risks of breast
cancer associated with HRT because of the numbers
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required and the length of follow-up. Trials would
also be difficult to justify ethically, given the known
harms that are associated with some types of HRT.
Earlier trials have been limited, focusing on specific
age groups possibly unrepresentative of women
likely to request HRT or selecting specific types of
HRT® (the largest being the Women’s Health Initiative
trial),” or, because the design failed to distinguish
between treatment types, looking only at overall
effect or association.®'° Observational studies are
more feasible but require access to large datasets
covering lengthy time periods; so far only the Million
Women Study has approached the requisite power.'°
A recent meta-analysis published after our study
commenced, pooled information from 24 prospective
observational studies to provide more comprehensive
data on the details of exposure and breast cancer risks
for the most commonly prescribed oestrogens and
progestogens.'! This meta-analysis reported that the
risk of breast cancer is increased for both oestrogen
only and oestrogen-progestogen current users, with,
respectively, a 17% and 60% increase for 1-4 years of
use and a 33% and 108% increase for 5-14 years of
use. The results also showed a remaining increased
risk even after discontinuation of HRT. As with
many meta-analyses, however, the included studies
were conducted in different settings, had different
selection criteria, and had different definitions of
exposure, so the data and original study designs
were heterogeneous. The study provided information
for the most commonly used HRT preparations,
albeit with notably smaller statistical power for
dydrogesterone—a progestogen previously found
to be associated with a low increased risk of breast
cancer.*? At publication, the focus of publicity was the
higher than expected associations with breast cancer
risks than had been suggested by earlier trials. The
Medicine and Healthcare products Regulatory Agency
subsequently raised an HRT drug safety alert specific
to breast cancer, but this has since been questioned
as having caused “considerable anxiety,” particularly
for women who might need HRT for reasons other than
menopausal symptoms.*?

Our study focused on exposure to all the commonly
prescribed types of HRT in the UK over the past 20
years in a representative primary care population.
We assessed the differences in risks associated with
the individual component hormones used in HRT,
including dydrogesterone. Our findings are based on
prospectively collected electronic health records from
the two largest UK primary care databases linked
to secondary care data sources. We analysed these
separately and then combined the results. In contrast
with data and analytical designs used in studies
included in the recent meta-analysis,'" our data were
homogeneous, and the analytical approach was
common. This has allowed us to gain a realistic picture
of exposure in the UK to component hormones used in
HRT, and the associations with increased breast cancer
risk of specific treatments, providing consistently
derived information for patients and doctors.
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Methods

Study design

Full details for this study are available in the published
protocol.’ To summarise, we undertook a nested case-
control study using the two largest UK primary care
databases, QResearch and Clinical Practice Research
Datalink (CPRD) GOLD, and utilised linked data from
Hospital Episode Statistics (HES), Office for National
Statistics (ONS) mortality data, and (QResearch only)
cancer registry data. We included all general practices
that had contributed data for at least three years
and from these we identified two open cohorts of
women aged between 50 and 79 and registered with
the general practice between 1 January 1998 and 31
December 2018. We excluded women with already
diagnosed breast cancer or records of mastectomy at
the cohort entry date, and, to ensure completeness,
any with fewer than three years of medical records.

Selection of cases and controls

Across both databases, we identified all cases between
1 January 1998 and 31 December 2018. From the
QResearch database, we identified all cases of
incident breast cancer using general practice, hospital
admission, mortality, and cancer registry records. From
CPRD, when practices were linked, we used general
practice, hospital admission (up to 31 December 2017),
and mortality data records (up to 13 February 2018) to
identify cases, and, when not linked, general practice
records only. Each case was matched to a maximum of
five controls by year of birth and general practice using
incidence density sampling.'® For each case in any data
source, the date of the first breast cancer record became
the index date for their matched controls. QResearch
and CPRD GOLD use different computer systems to
collect records from practices, and as patients can be
registered with only one practice, there was no overlap
of cases and controls.

Exposure to HRT
We extracted prescription information for all
oestrogens, progestogens, and tibolone from practice
records. Symptoms indicative of developing breast
cancer before diagnosis could have resulted in
cessation of HRT. To minimise this source of possible
protopathic bias, we excluded prescriptions issued in
the year before the index date.®

Exposure to HRT was taken as the date from when
a woman received her first prescription containing
systemic  oestrogen (oral, subcutaneous, or
transdermal) indicated to treat menopausal symptoms.
If a woman received no prescription that contained a
progestogen after this date, she was classified as an
oestrogen only therapy user. If a woman received any
prescription that contained a progestogen, she was
classified as a combined therapy user. We also included
topical oestrogen preparations (vaginal pessaries or
cream) and tibolone, because both are commonly
prescribed to menopausal women.

A large proportion of women switched between
different combinations of oestrogens and progestogens,

doi: 10.1136/bmj.m3873 | BMJ 2020;371:m3873 | thelmj
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soweanalysed each hormonal preparation as aseparate
exposure. For oestrogen only users, we distinguished
between types, doses, and application method,
whereas for combined therapy users we analysed
combinations of any oestrogen, concentrating on
progestogen type and application method. If combined
therapy users had also used oestrogen only therapy,
we analysed the women as oestrogen-progestogen
users but adjusted the combined exposure results to
account for periods of oestrogen only treatment. For
all treatments, the reference category was no exposure
(never users) to HRT.

At the time of our study, two types of oestrogen
(conjugated equine oestrogen and estradiol)
and four types of progestogen (norethisterone
acetate, levonorgestrel, medroxyprogesterone, and
dydrogesterone) were commonly prescribed in the
UK and were included in our analyses. Of these,
sufficient data were available for estradiol, estradiol-
norethisterone, and oestrogen-levonorgestrel to
facilitate separate analysis of application methods—
oral, transdermal, or injection, and (for levonorgestrel)
intrauterine. We investigated two daily dosage levels
of oestrogen: low (0.625 mg/day or less for oral
conjugated equine oestrogen, 1 mg/day or less for oral
estradiol, and 50 mg or less for transdermal estradiol)
and high (all other dosage levels). Median dosages
for each oestrogen and for each woman were also
calculated and analysed.

We have not specified the type of oestrogen for
combinations with progestogens, but in our data
conjugated equine oestrogen was by far the most
commonly prescribed drug in combination with
medroxyprogesterone (only 16% of prescriptions
included estradiol) and levonorgestrel (only 5%
included estradiol). Estradiol was the only oestrogen
prescribed in combination with norethisterone and
dydrogesterone.

Our data showed that HRT prescriptions were
frequently issued for three months, so we assessed
the durations of use by summing the lengths of
prescriptions in days, including gaps of fewer than
90 days between prescriptions. Most (79%) repeated
prescriptions were, however, issued within 30 days.
We then categorised durations of use as never (0),
less than 1 year, 1-2 years (21 and <3), 3-4 years
(=3 and <5), 5-9 years (=5 and <10), and 10 years or
more. Excluding prescriptions in the past year, the gap
between the end of the last prescription and the index
date was categorised as 1-2 years (>1 and <2), 2-4 years
(>2 and <4), 5-9 years (=5 and <10), and 10 years or
more.

Because some women discontinued HRT more than
a year before the index date, and associated breast
cancer risks might have diminished noticeably, we
investigated two recency related exposures: recent,
if the women had a prescription more than one year
and less than five years before the index date (this
includes current users of HRT at one year before the
index date), and past, if their last prescription ended
before that period (=5 years before). Using these, we

thebmj | BMJ2020;371:m3873 | doi: 10.1136/bmj.m3873
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analysed different durations of exposures in relation to
the recency of the last prescription.

Confounders

Analyses were all adjusted by the same factors—those
that might have affected a doctor’s prescribing decision
for HRT or might have affected a woman’s decision to
take HRT or are associated with an increased breast
cancer risk.> ' * The data for confounders were
derived from practice or hospital records, and data for
drugs were from practice records only. To minimise
protopathic bias, records of confounders had to be
from at least a year before the index date. Confounders
included lifestyle factors (smoking status, alcohol
consumption, body mass index (BMI), and Townsend
fifth as a measure of deprivation (in QResearch only)),
self-assigned ethnicity (based on practice and hospital
data), family history of cancers and osteoporosis,
history of other cancers, records of early and late
menopause, oophorectomy or hysterectomy, uptake of
mammography or scanning, menopausal symptoms,
comorbidities, and use, or when possible, duration
of use of other drugs. Comorbidities included benign
breast disease, diabetes, and bipolar disorder or
schizophrenia.'® Other drugs included combined and
progestogen only contraceptive drugs, aspirin, non-
steroidal anti-inflammatory drugs, tamoxifen, and
raloxifene. When numbers permitted, we categorised
duration of use of other drugs up to one year before
the index date as never, less than 1 year, 1-2 years,
3-4 years, and 5 years or more. Early menopause was
estimated from records of menopausal symptoms or
of oophorectomy or hysterectomy before age 45 years.
Late menopause was considered if the first menopause
related record was after 55 years for women older than
55 at the index date. For all other women we assumed
onset of menopause was between age 50 and 55 years.

Statistical analysis

As data from QResearch and CPRD cannot be pooled, for
all analyses we processed extracted datasets in parallel
as similarly as possible. To calculate associations
between breast cancer risk and different exposures
to HRT, we used conditional logistic regression to
estimate odds ratios with 95% confidence intervals. A
small proportion of women had missing values for BMI,
smoking status, and alcohol consumption, which we
assumed to be missing at random. We imputed these
separately for each dataset using chained equations
over 10 imputed datasets, where the imputation model
included all listed confounders, exposures, and case-
control status indicators, and we combined the odds
ratios obtained from the imputed datasets using
Rubin’s rule."”

We considered duration of exposure both in the form
of defined categories of exposure and as a continuous
variable. For ease of comparability with other studies
and to simplify interpretation, our main results are
presented using defined categories of exposure,
with duration of HRT expressed in years. We used a
meta-analytical technique to combine the obtained
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odds ratios from the separate analyses run on each
database.'® A fixed effect model with inverse variance
weights was used for the main analysis and a random
effect model as a sensitivity analysis. In the main
tables and text we only include the combined results;
the separate results for QResearch and CPRD are in the
supplementary tables.

To model exposures as continuous variables, we ran
separate analyses on each database using fractional
polynomials to explore non-linear risk associations for
durations of exposure, measured in days.’ This was
done for both recent and past exposures to all the types
of HRT under investigation. Variables found to have
non-linear associations were then transformed into the
suggested powers, the separate analyses were rerun,
and the resulting coefficients and standard errors were
combined.

Additional and sensitivity analyses

To assess possible age related differences in risks
associated with exposures to hormone, we performed
additional analyses for different age categories at the
index date: 50-59 years, 60-69 years, and 70-79 years.
We ran another subgroup analysis for women in three
different BMI groups: less than 25, 25 up to 30, and 30
or more. In this analysis, we included only controls in
the same body mass category as their matched case.

For the main analysis, we considered women to
have recently used HRT if they had a prescription
between one and five years before the index date. The
risk associated with HRT has been found to decrease
rapidly after discontinuation,”® so we needed a
measure showing excess of risk for the most recently
exposed women. To assess this, we repeated the
analysis, defining recent use as exposure between one
and two years before the index date.

It is possible that some women were classified as
never exposed only because they were not registered
with the practice at the time when they had used
HRT. Although any systematic difference between
cases and controls is unlikely, we addressed this
possible misclassification of exposure by repeating
the analysis in a subgroup of women with at least 10
years of medical records. Another sensitivity analysis
dealt with unknown adherence to HRT, because it
is possible that some women with apparent gaps
between prescriptions had in fact spread their HRT
supply over longer periods. In this analysis, we defined
duration of HRT use as the period between the first
HRT prescription and the last one prior to one year
before the index date.

The main analysis was run on women aged 50 to
79, which may include some premenopausal and
perimenopausal women who have a higher risk of breast
cancer.”! To deal with this and provide comparability
of our results with those of a meta-analysis,"! we also
ran an additional analysis restricting our sample to
women aged 55 to 79.

To check our assumption of missing at random
for some confounders, we compared patterns of
missingness in exposed and non-exposed women
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and repeated the analyses, including only cases and
controls with recorded values. In the final sensitivity
analysis, we dealt with problems that might
have arisen from the different levels of linkage in
QResearch and CPRD. All QResearch practices were
linked to deprivation, hospital, mortality, and cancer
registry data, so cases could be identified using all
sources of data. For CPRD, however, only 60% of
practices were linked to deprivation, hospital, and
mortality data, so to include data from all usable
practices, we were limited to identifying cases from
all available data. To assess the possible effect on our
results, we ran an analysis using only fully linked
CPRD practices.

To estimate the excess of breast cancer cases
associated with different HRT exposures we calculated
the incidence rate in the unexposed female population
for different age categories (50-59, 60-69, and 70-79)
using the underlying cohort from CPRD. The rate in the
exposed population was derived by multiplying the
baseline rate by relevant odds ratios obtained from the
combined analysis.

We used Stata v16 for all analyses. A 1% level of
statistical significance was used to allow for multiple
comparisons. To facilitate comparison with other
studies, however, we present the results as odds ratios
with 95% confidence intervals.

Patient and public involvement

This epidemiological study investigated a research
question recommended by a National Institute
for Health and Care Excellence committee, which
included lay members.” It used routinely collected
data and appropriate statistical techniques. The grant
application process and the publication process of The
BMJ both had lay involvement. No other lay people
were involved in setting or extending the research
question or the outcome measures in our study, nor
were they involved in developing plans for the design
or implementation of the study. However, to better
understand motivations for starting HRT and possible
adherence issues related to prescribed treatment,
formal and informal conversations with some women
taking HRT were also organised. In these, women
generally reported high levels of adherence, regardless
of whether they had sought treatment themselves
or were recommended it by a doctor. Some of the
women involved have also agreed to help further with
interpretation and dissemination of the results through
women’s menopausal forums.

Results

Overall, 59999 cases of breast cancer were identified
in QResearch between 1 January 1998 and 31 July
2018, using general practice, hospital admissions,
mortality, and cancer registry records. In total, 38 612
breast cancer cases were identified in CPRD between 1
January 1998 and 31 December 2018, using general
practice records and, for linked practices, also using
hospital admission records (until 31 December 2017)
and mortality records (until 13 February 2018) (fig 1).

doi: 10.1136/bmj.m3873 | BMJ 2020;371:m3873 | thelmj
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Table 1 shows the characteristics of the cases and
matched controls from QResearch and CPRD. Cases
were more likely than controls to be overweight or
obese (53% v 50%), to be former smokers (29% v
27%), to have a record of benign breast disease (9% v
6%) or other cancers (3.1% v 2.6%), or to have a family
history of breast cancer (4% v 2.5%).

Exposure

Across both databases, 33703 (34%) cases and
142391 (31%) controls had ever been exposed to
HRT. Of those, 8860 (26%) cases and 42799 (30%)
controls had been exposed to oestrogen only therapy
and 24843 (74%) cases and 99592 (70%) controls
had been exposed to oestrogen-progestogen therapy
(supplementary eTable 1). Women in the 60-69 age
category were relatively more exposed to oestrogen
only (47% in cases and controls) and oestrogen-
progestogen therapies (48% in cases and controls).
A high proportion of women using oestrogen only
therapy had undergone oophorectomy or hysterectomy
(89% cases and 90% controls), but, overall, users of
oestrogen only and oestrogen-progestogen therapies
had characteristics broadly similar to those of never
users for most confounders. Some women switched
between hormones during HRT exposure. About
20% of oestrogen only users had exposure to both
oestrogens. About 57% of combined therapy users
had only one oestrogen-progestogen combination
recorded. About 0.6% of cases and controls started

QResearch

EED
Cases identified between 1998 and 2018,
with at least 3 years of data and no history of
breast cancer (matched to 292 455 controls)

(I 2591
Excluded cases
2518 Mastectomy
71 Missing Townsend score
2 Cases without controls

(l 22 553)
Excluded controls
10 641 Mastectomy
373 Missing Townsend score
11 539 Controls without cases

——

R 59999

Cases available for main analysis
(matched to 269 902 controls)

!

(B 30692

Cases for patients with 10 years of records
(112 843 controls)
Excluded with less than 10 years of records
29 187 Cases
133562 Controls
120 Cases without controls
23497 Controls without cases

Fig 1 | Flow chart of included cases and controls

thebmj | BMJ2020;371:m3873 | doi: 10.1136/bmj.m3873
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HRT in the year before the index date, but these are
considered as never users in the analyses.

Overall exposure
Overall (or ever) exposure to HRT was associated
with an increased risk of breast cancer (adjusted
odds ratio 1.21, 95% confidence interval 1.19 to
1.23). The increased risk was mostly attributable
to oestrogen-progestogen therapy (1.26, 1.24 to
1.29), with oestrogen only therapy showing a small
increased risk (1.06, 1.03 to 1.10), both compared
with never users (supplementary eTable 2). No
increased risk was associated with oestrogen cream
or vaginal preparations (supplementary eTable
3). The risks associated with HRT increased with
duration of use, but the associations were less strong
for oestrogen only therapy and for tibolone than for
oestrogen-progestogen therapy, apart from estradiol-
dydrogesterone preparations. Norethisterone,
levonorgestrel, and medroxyprogesterone were
associated with similar risks, increasing across all
duration categories longer than one year. For all
exposure durations, the combined treatment with
the lowest associated risk increase was estradiol-
dydrogesterone. No differences were found between
low and high doses of oestrogens or between different
application methods for estradiol, norethisterone, or
levonorgestrel (supplementary eTable 4).

Associations between use of HRT and risk of breast
cancer rapidly decreased with increasing years of

CPRD

I 42090)
Cases identified between 1998 and 2018, with at
least 3 years of data (matched to 208 797 controls)
36 712 General practice
5370 Hospital and mortality records

R 3478

Excluded cases

2672 History of breast cancer
806 Mastectomy

[ 21 201)
Excluded controls
3991 History of breast cancer
524 Mastectomy
16 686 Controls without cases

——

(h38612

Cases available for main analysis
(matched to 187 596 controls)

!

(32017
Cases for patients with 10 years of records
(146 304 controls)

Excluded with less than 10 years of records

6549 Cases
21948 Controls

46 Cases without controls

19 344 Controls without cases
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Table 1 | Characteristics of women with breast cancer and matched controls one year before index date by database

(QResearch and CPRD). Values are percentages (numbers) of participants unless stated otherwise

QResearch CPRD
Characteristics Cases Controls Cases Controls
Total 59999 269902 38612 187596
Mean (SD) age (years) 63.4 (8.3) 63.6 (8.3) 63.4(8.3) 63.3 (8.3)

Age group (years):

50-59 35.7 (21 448) 34.9 (94327) 36.1 (13946) 36.6 (68597)
60-69 37.4 (22 458) 37.6 (101 481) 37.7 (14557) 37.6 (70585)
70-79 26.8 (16093) 27.5 (74 094) 26.2 (10109) 25.8 (48414)
Mean (SD) years of records 10.5 (5.5) 10.4 (5.5) 15.4 (5.9) 16.3 (5.6)
Ethnicity:
Recorded 69.3 (41584) 70.4 (189903) 71.3 (27 546) 65.0 (121959)
White or not recorded 96.1 (57 646) 95.1 (256792) 97.9 (37789) 97.7 (183 347)
Bangladeshi 0.1(73) 0.3 (691) 0.0 (9) 0.0 (85)
Black African 0.3 (191) 0.5 (1450) 0.2 (60) 0.2 (298)
Caribbean 0.7 (439) 0.9 (2299) 0.3(119) 0.3 (588)
Chinese 0.2 (115) 0.2 (654) 0.1 (48) 0.1 (223)
Indian 1.0 (581) 1.1 (3078) 0.6 (226) 0.6 (1134)
Other 0.7 (424) 0.8 (2216) 0.6 (222) 0.6 (1093)
Other Asian 0.5 (281) 0.5 (1467) 0.2 (79) 0.3 (503)
Pakistani 0.4 (249) 0.5 (1255) 0.2 (60) 0.2 (325)
Townsend fifth*: *) based on linked cases and controls
1 (most affluent) 24.7 (14810) 24.5 (66 100) 27.4(6201) 27.1(29634)
2 23.7 (14191) 23.2(62617) 25.4 (5745) 25.1 (27 488)
3 21.1(12630) 21.1 (56 830) 21.0 (4747) 20.9 (22831)
4 17.5(10492) 18.0 (48 495) 17.0 (3847) 17.2 (18 849)
5 (most deprived) 13.1(7876) 13.3 (35860) 9.7 (2098) 9.8 (10702)

Body mass index:

Recorded

80.3 (48190)

79.5 (214580)

90.2 (34834)

86.5 (162297)

Mean (SD)

27.5 (5.5)

27.2 (5.5)

27.9 (5.7)

27.6 (5.7)

15-24

30.0 (17 999)

31.6 (85193)

32.1 (12405)

32.7 (61395)

25-29

27.8 (16696)

27.0 (72 808)

31.3(12082)

30.2 (56 570)

>30

22.5 (13495)

21.0 (56 579)

26.8 (10347)

23.6 (44332)

Smoking status:

Recorded

87.4 (52411)

86.7 (233955)

95.5 (36 890)

91.8 (172123)

Non-smoker

40.4 (24 241)

41.2(111282)

58.5 (22585)

57.4 (107 617)

Former smoker 32.7 (19611) 31.6 (85217) 22.2 (8589) 19.6 (36761)
Current smoker:
Light (1-9 cigarettes/day) 7.6 (4549) 7.5(20259) 5.9 (2284) 6.1(11379)
Moderate (10-19) 4.0 (2419) 4.0 (10783) 5.5 (2141) 5.3(9921)
Heavy (220) 2.7 (1591) 2.4 (6414) 3.3 (1291) 3.4 (6445)

Alcohol consumption:

Recorded

79.3 (47 566)

78.3(211354)

87.4 (33735)

83.8 (157 295)

None

18.2 (10949)

19.6 (52896)

29.5 (11376)

29.6 (55519)

Former use

8.7 (5198)

8.8 (23638)

1.8 (712)

1.6 (2935)

Current user:

Trivial (<1unit/day)

30.9 (18547)

30.9 (83301)

31.9 (12304)

31.0 (58125)

Light (1-2 units/day) 11.6 (6949) 10.8 (29208) 16.7 (6434) 15.0 (28090)
Moderate (3-6) 9.4 (5610) 7.9 (21215) 5.9 (2279) 5.4 (10134)
Heavy (7-9) 0.3 (206) 0.3 (718) 1.1 (416) 0.9 (1714)
Very heavy (>10) 0.2 (107) 0.1 (378) 0.6 (214) 0.4 (778)
History of other cancers:
Any cancer 2.8 (1656) 2.4 (6570) 3.6 (1389) 3.0 (5540)
Haematological 0.4 (252) 0.3 (936) 0.5 (180) 0.4 (755)
Cervical 0.2 (114) 0.2 (612) 0.2 (73) 0.2 (440)
Colorectal 0.5 (287) 0.4 (1202) 0.6 (234) 0.5 (976)
Lung 0.1(77) 0.1 (258) 0.1 (35) 0.1 (256)
Melanoma 0.5 (305) 0.5 (1230) 0.5 (203) 0.4 (660)
Ovarian 0.2 (103) 0.1 (375) 0.3 (110) 0.2 (436)
Uterine 0.2 (101) 0.2 (434) 0.3 (130) 0.3 (481)
Chronic conditions:
Benign breast disease 8.6 (5174) 5.5 (14787) 9.3 (3591) 6.0(11186)
Diabetes 6.9 (4112) 6.7 (17972) 7.1(2757) 6.6 (12395)
Mental health disorder 0.9 (542) 0.8 (2046) 0.9 (345) 0.8 (1521)
Osteoporosis 3.3 (1985) 3.8 (10171) 4.0 (1558) 4.5 (8469)
Other characteristics:
Early menopause 13.1(7831) 14.0 (37764) 11.0 (4230) 11.9 (22365)
Late menopause 3.2 (1948) 2.8 (7592) 8.0 (3093) 7.0 (13225)
Menopausal symptoms 13.2 (7930) 12.9 (34803) 23.9 (9214) 22.7 (42579)

doi: 10.1136/bmj.m3873 | BMJ 2020;371:m3873 | thelmj

JyBuAdoo Aq peyosiold 1senb Aq 0Z0z 41990300 L€ U0 /wod g mmm//:diy wouy papeojumo(q 020z 4890300 8z Uo ¢/gcwifwig/agt L 0L se paysiiand sl :rNG



RESEARCH

Table 1 | Continued

QResearch CPRD

Characteristics Cases Controls Cases Controls
Mammography scans* 50.3(30170) 49.9 (134728) 21.3(8242) 20.1(37718)
MRI/CT scans* 6.7 (4004) 6.6 (17 850) 2.6 (1004) 2.6 (4919)
Oophorectomy or hysterectomy 20.7 (12437) 21.6 (58412) 21.4 (8264) 21.1(39583)

Family history:
Any cancer 9.6 (5784) 7.9 (21260) 5.0 (1939) 3.8 (7127)
Breast cancer 4.3 (2598) 2.8 (7656) 3.4 (1329) 2.1(3901)
Cervical cancer 0.0 (22) 0.0(112) 0.0 (19) 0.0(51)
Osteoporosis 0.9 (513) 0.8 (2147) 0.9 (355) 0.9 (1610)
Ovarian cancer 0.2 (93) 0.1 (364) 0.2 (73) 0.2 (286)
Uterine cancer 0.1 (45) 0.1(172) 0.0 (7) 0.0 (29)

Any use of other drugs before index date:
Aspirin 15.9 (9533) 16.3 (43880) 16.3 (6276) 15.9 (29869)
Non-steroidal anti-inflammatory drugs 62.2 (37 305) 61.5 (166 024) 65.6 (25329) 64.5 (120 920)
Contraceptive drugs 10.9 (6554) 9.4 (25494) 17.4 (6735) 17.7 33 149)
Tamoxifen 0.7 (436) 0.1(277) 1.0 (389) 0.2 (394)
Raloxifene 0.4 (224) 0.5(1278) 0.4 (168) 0.5 (858)

MRI=magnetic resonance imaging; CT=computed tomography.

*Based on Hospital Episode Statistics and general practice data for QResearch and on general practice data for Clinical Practice Research Datalink (CPRD).

discontinuation (supplementary eFigure 1 and eTable
5). For oestrogen only, estradiol combined with
norethisterone and dydrogesterone, and tibolone, no
significantly increased risk was found from two years
after discontinuation. For medroxyprogesterone, the
risk was reduced after two years but remained raised
until after five years; for levonorgestrel until after 10
years.

Duration of recent and past exposures as
categorical variables

Recent users of HRT (ie, those with prescriptions
more than one year and less than five years before the
index date) comprised 56% (18 879) of cases and 50%
(70931) of controls ever exposed to HRT. Figure 2 and
figure 3 (supplementary eTable 6) show the associations
between categorised durations of HRT and risks of
breast cancer in women with recent and past exposures.
The patterns of risks for recently exposed women were
similar to those for overall exposures, but the risks were
consistently higher and more pronounced, particularly
for oestrogen-progestogen therapy. For women with
past exposures, risks associated with longer durations
of use of oestrogen-progestogen, particularly longer
use of levonorgestrel (>3 years) and norethisterone (>5
years), remained high, but for other hormones the risks
were not statistically significant. Findings for recent
exposures to different doses and applications also had
similar patterns to the overall exposure analysis, but
with higher odds ratios (supplementary eTable 7).

A further restriction to recency (defined now as one
prescription or more in the period 1-2 years before the
index date) resulted in fewer women in each category
of exposure, but the increased risks associated
with longer exposures were even more pronounced
(supplementary eFigure 2). In HRT users, 40% (13 463)
of cases and 32% (44972) of controls ever exposed to
HRT had one or more prescriptions in the period 1-2
years before the index date. The patterns of risks for
these recently exposed women were similar to those
of overall exposures, but the risks were consistently

thebmj | BMJ2020;371:m3873 | doi: 10.1136/bmj.m3873

higher and more pronounced for progestogens. For
women with a last exposure more than two years before
the index date, risks associated with long exposures to
levonorgestrel (>3 years) remained high, but for other
hormones the risks were not statistically significant
(supplementary eFigure 3 and eTable 8).

Duration of recent and past exposures as
continuous variables

Figure 4 (supplementary eTable 6) shows the
associations between duration of different types of
HRT and risks of breast cancer for recent (1-5 years
before index date) and past users (prescriptions >5
years previously). A linear relation was found between
duration of exposure as a continuous variable for most
types of HRT, with risk increasing uniformly over time.
However, for recent exposure to oestrogen-progestogen
or to estradiol-norethisterone, and for past exposure
to oestrogen-medroxyprogesterone, square root
transformations gave the best fit for an association
with breast cancer risk, showing that risk for these
treatments increased faster earlier in the exposure.
Additions of further fractional polynomial terms were
not statistically significant.

Riskincreases for recent users were more pronounced
than for past users, and different types of HRT showed
different patterns of increase as the durations of
exposure increased. Oestrogen-medroxyprogesterone
and oestrogen-levonorgestrel formulations showed
the greatest increases with duration. Oestrogen only
(including separately conjugated equine oestrogen
and estradiol), tibolone, and estradiol-dydrogesterone
formulations showed the smallest increases with
duration.

Subgroup analyses

The subgroup analyses for different age categories
showed similar patterns in magnitudes of risk for recent
and past exposures (fig 5, supplementary eFigure 4
and eTables 9 and 10). The oldest age group (70-79)
had a smaller number of recent (1-5 years before the
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Recent use Past use
Noof  Mean Odds ratio Odds ratio Noof  Mean Odds ratio Odds ratio
cases duration (95%CI) (95%CD) cases duration (95%CI) (95%Ch
Oestrogen only
<1year 629 0.5 ro- 1.09 (1.00t0 1.19) 1241 0.4 - 1.07(1.00 to 1.14)
1-2 years 962 2.0 o= 1.08 (1.00 to 1.16) 884 1.9 -9~ 0.98(0.91 to 1.06)
3-4 years 940 4.0 -o- 1.15(1.07 to 1.24) 601 4.0 -&- 1.01(0.93t01.11)
5-9 years 1665 73 - 1.14(1.08 to 1.21) 929 71 -&- 1.01(0.94 to 1.08)
>10years 781 13.0 -o- 1.17(1.08 t0 1.27) 228 11.9 —— 0.90(0.70 t0 1.15)
Oestrogen-progestogen
<1year 1911 0.5 R & 1.11(1.06t0 1.17) 3501 0.5 * 0.98(0.94 t0 1.02)
1-2 years 2945 2.0 - 1.34(1.28 to 1.40) 2834 1.9 g 1.05(1.01 to 1.10)
3-4 years 2671 4.0 - 1.50(1.43t0 1.57) 1766 4.0 -&- 1.08(1.02 to 1.14)
5-9 years 4537 7.2 -#- 1.70(1.64 t0 1.76) 2373 7.0 R 2 1170111 t01.22)
>10years 1841 12.9 » 2.05(1.94t02.17) 470 11.6 —o— 1.09 (0.91 to 1.30)
Tibolone
<1year 656 0.4 -o- 0.95(0.87t0 1.03) 1527 0.4 R 2 0.97(0.92 t0 1.03)
1-4 years 779 2.7 -o- 1.13(1.04 t0 1.23) 713 2.4 -o- 0.99(0.91 t0 1.07)
>5years 460 8.0 —o— 1.33(1.20to0 1.48) 173 7.2 —— 1.01 (0.86 to 1.20)

0.5 1.0 1.5 2.0

0.5 1.0 1.5 2.0

Fig 2 | Recent and past use of oestrogen, oestrogen-progestogen, and tibolone in association with breast cancer risk. Odds ratios are with reference
to never users and adjusted for smoking status, alcohol consumption, Townsend fifth (QResearch only), body mass index, ethnicity, history of other
cancers, oophorectomy or hysterectomy, records of early and late menopause, menopausal symptoms, mammography or scans, family history,
comorbidities, other drugs, and years of data. Cases are matched to controls by age, general practice, and index date

index date) users and, although odds ratios appeared
to be higher than for the younger age groups, the
confidence intervals were too wide to reach statistical
significance for oestrogen only users. The younger age
group (50-59) had the lowest odds ratios, which could
reflect shorter durations of exposure, particularly in
the category of five years or more (supplementary
eTables 9 and 10). The mean duration for the category
of 1-4 years, however, was only slightly lower for the
younger group but similar between the older groups.

Figure 6 presents the associations with breast cancer
risk for recent and past exposures in different BMI
categories (supplementary eFigure5 and eTables 11
and 12). Overall, the pattern of risks in the subgroups
were similar to those of the main analyses. For women
with a higher BMI (>30), however, the risks associated
with HRT for recent users appeared slightly lower
than in women with a lower BMI, both for oestrogen
only and for oestrogen-progestogen therapies. For
oestrogen only therapy and more than five years of
use, the association with risk of breast cancer was
statistically significant only in the lowest BMI group
(1.24, 1.11 to 1.35) compared with never use. For
oestrogen-progestogen, more than five years of use was
associated with the highest adjusted odds ratio in the
lowest BMI group and the lowest adjusted odds ratio in
the highest BMI group (1.93, 1.80 to 2.05 for BMI <25;
1.71, 1.58 to 1.85 for BMI 25-30; and 1.38, 1.23 to
1.55 for BMI >30). For past use, no difference between
BMI groups was observed.

Excess numbers in HRT users
The crude incidence rate of breast cancer in the
underlying CPRD cohort was 33.0 (95% confidence

interval 32.7 to 33.3) per 10 000 women years, whereas
the crude incidence rate in women not exposed to HRT
was 31.5 (31.1 to 31.7) per 10000 women years. The
rate for unexposed women varied with age, with the
lowest rate in younger women (28.2, 27.6 to 28.7 in
women aged 50-59; 34.1, 33.4 to 34.8 in women
aged 60-69; and 33.3, 32.6 to 34.0 in women aged
70-79). The highest rate in the 60-69 years group was
consistent with national data from cancer registration
statistics in England.??

Table 2 and fig 7 contain incidence rates and excess
rates of breast cancer in users of HRT at different ages
and for different durations. The number of extra cases
is consistently larger for older women for all exposures.
Compared with never users, the estimated number of
excess cases per 10000 women years in recent long
term (=5 years) users of oestrogen only treatment was
three in women aged 50-59, four in women aged 60 to
69, and eight in women aged 70-79. Compared with
never users, the number of excess cases per 10000
women years in recent long term users of oestrogen-
progestogen treatment was 15 in women aged 50-59,
26 in women aged 60-69, and 36 in women aged 70-
79. For tibolone in recent long term users, the numbers
exposed in younger women were too small to provide
sufficient data, but within the older groups there are
an estimated nine extra cases per 10 000 women years
in women aged 60 to 69 and 15 extra cases per 10000
women years in women aged 70 to 79.

Sensitivity analyses

The sensitivity analysis run on women with at least 10
years of recorded data showed similar patterns of risks
associated with different durations of HRT use, but the

doi: 10.1136/bmj.m3873 | BMJ 2020;371:m3873 | thelmj
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Recent use Past use
Number Mean Odds ratio Odds ratio Number Mean Odds ratio Odds ratio
of cases duration (95%CI) (95%CI) of cases duration (95%CI) (95%Ch
Oestrogen only
Conjugated equine oestrogen
<1year 284 0.5 -o— 0.96 (0.84 t0 1.09) 1018 0.4 -&- 0.97 (0.91 to 1.04)
1-4 years 799 3.0 o= 1.08 (1.00 to 1.17) 917 2.6 -&- 1.00(0.93 to 1.08)
=5 years 1028 8.8 -~ 1.11(1.04 to 1.20) 562 8.0 -&- 0.97(0.88 to 1.06)
Estradiol
<1year 601 0.4 - 1.05(0.96 t0 1.16) 1083 0.4 -&- 0.97(0.90 to 1.04)
1-4 years 1302 2.8 ro- 1.07 (1.00 to 1.14) 1082 2.6 -&- 0.98(0.92 to 1.05)
=5 years 1289 9.0 -&- 1.15(1.08 to 1.23) 592 7.8 -0~ 1.00(0.92 to 1.10)
Oestrogen-progestogen
Medroxyprogesterone
<1year 1181 0.4 -- 1.14 (1.06 t0 1.22) 1924 0.4 £ 2 0.98(0.93 t0 1.03)
1-4 years 1799 2.7 % o 1.42(1.34 t0 1.50) 1418 2.5 o 1.06 (1.00 to 1.13)
=5 years 740 7.7 —&» 1.87(1.71 t0 2.05) 274 6.4 —“o— 1.07(0.93 t0 1.22)
Levonorgestrel
<1year 1058 0.5 -&- 1.11(1.03 t0 1.19) 3716 0.4 R 2 0.99 (0.95 t0 1.03)
1-4 years 2036 2.8 -&- 1.37(1.30 to 1.44) 3705 2.6 L 2 1.07 (1.03 t0 1.12)
=5 years 1514 8.0 -o- | 1.79(1.68 to 1.90) 1411 7.2 -&- 1.24(1.17 t0 1.32)
Norethisterone
<1year 1931 0.5 R 1.02 (0.97 to 1.08) 3764 0.4 * 1.01(0.97 to 1.05)
1-4 years 3350 2.8 K & 1.36 (1.30 to 1.42) 2867 2.5 ® 1.05(1.01 to 1.10)
=5 years 2088 8.1 -&- 1.88(1.79 t0 1.99) 834 7.0 -~ 1.13(1.04 t0 1.22)
Dydrogesterone
<1year 503 0.4 . 1.04(0.94 t0 1.15) 953 0.4 -or 0.94(0.87 to 1.01)
1-4 years 443 2.5 -o- 0.97(0.88 to 1.08) 493 2.2 = 4 0.92(0.83 t0 1.01)
=5 years 155 7.6 —— 1.24(1.03 to 1.48) 67 6.7 —r— 1.06 (0.81 to 1.39)
0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

Fig 3 | Recent and past use of different hormones in association with breast cancer risk. Odds ratios are with reference to never users and adjusted
for smoking status, alcohol consumption, Townsend fifth (QResearch only), body mass index, ethnicity, history of other cancers, oophorectomy or
hysterectomy, records of early and late menopause, menopausal symptoms, mammography or scans, family history, comorbidities, other drugs, and
years of data. Cases are matched to controls by age, general practice, and index date

risks appeared slightly higher, particularly for exposure
to oestrogen-progestogen combinations of between
five and 10 years (supplementary eFigure 6 and eTable
13). The sensitivity analysis on the subgroup of women
aged 55 to 79 showed similar patterns of risks, with
all values consistent with the subgroup analyses for
different age groups (supplementary eFigure 6 and
eTable 14). The sensitivity analysis with duration
of exposure defined as from the first prescription of
HRT to the end of the last prescription showed results
similar to those of the main analysis (supplementary
eTable 15). The results of analyses run on cases and
controls without missing data for smoking status,
alcohol consumption, and BMI were similar to those of
the main analyses—as were the analysis restricted to
CPRD cases and controls with linked data.

Discussion

This large observational study found that exposure to
most HRT drugs is associated with an increased risk
of breast cancer. In comparison with a recent meta-
analysis, however, our findings generally suggest lower
increased risk associations between longer term HRT

thebmj | BMJ2020;371:m3873 | doi: 10.1136/bmj.m3873

use and breast cancer, and we report a more noticeable
decline in risks once HRT has stopped. Risk increases
were mostly associated with oestrogen-progestogen
treatments, but small increases were also associated
with oestrogen only treatments. For all exposure
durations, the combined treatment with the lowest
associated risk increase was estradiol-dydrogesterone.
Associations for all treatments depended on duration,
with no increased risks for less than one year of
treatment but increasing risks for longer exposures
to  medroxyprogesterone, norethisterone, and
levonorgestrel. Associations were more pronounced
for older women and less noticeable for obese women.

Strengths and weaknesses of this study

The main strengths of this original study are its size,
consistent sources of primary care data, almost
complete follow-up of diagnoses using linked data,
consistent design, and resulting generalisability of the
findings. Combining results from the two largest UK
primary care research databases with national coverage
has provided increased power, representiveness, and
wide geographical coverage of included practices. The
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Adjusted odds ratio Adjusted odds ratio

Adjusted odds ratio

30 Oestrogen only Oestrogen-progestogen
— Recent use Past use

2.5

2.0

1.5

—————

0.5

0

30 Conjugated equine oestrogen

2.5

2.0

1.5

1.0

0.5

30 Oestrogen-levonorgestrel

2.5

2.0

1.5

1.0

0.5

Estradiol

Estradiol-norethisterone

12 15 18 0 3 6 9 12
Years of use

Tibolone

P—

Oestrogen-medroxyprogesterone

Estradiol-dydrogesterone

15 18 0 3 6 9 12 15 18
Years of use

Years of use

Fig 4 | Adjusted odds ratios for different durations of recent and past exposures to hormone replacement therapies in association with breast cancer
risk. Odds ratios are with reference to never users and adjusted for smoking status, alcohol consumption, Townsend fifth (QResearch only), body
mass index, ethnicity, history of other cancers, oophorectomy or hysterectomy, records of early and late menopause, menopausal symptoms,
mammography or scans, family history, comorbidities, other drugs, and years of data. Cases are matched to controls by age, general practice, and
index date. Model includes fractional polynomial terms for recent use of oestrogen-progestogen (power 0.5), estradiol-norethisterone (power 0.5),
past use of oestrogen-levonorgestrel (power 0.5), and linear terms (1) for all other exposures

10

study relates to an important health problem and used
only objective information on prescriptions for HRT
in the UK, facilitating inclusion of the full range of
preparations available within this national setting and
presenting in detail the increased risk of breast cancer
associated with usage patterns. The follow-up and
validation of breast cancer diagnoses through linkages
to hospital, mortality, and cancer registry (QResearch
only) data reduced both ascertainment and recording
bias. As our study was based on routinely collected
data, it was also not susceptible to recall bias. Matching
by general practice enabled consideration of possible
differences in prescribing and recording patterns
across practices. Differences in menopause onset and
age at start of HRT were partially dealt with through
matching by age. The results were also adjusted for
information on lifestyle, comorbidities, and use of
other drugs, and the study presents subgroup analyses

for women in different age groups and in different
BMI categories. Protopathic bias, from diagnostic and
prescribing problems created by symptoms common
to early breast cancer and onset of menopause, was
minimised by excluding prescriptions issued in the
year before the index date.

Some limitations of this study arise from inevitable
shortfalls in completeness and accuracy within any
routinely collected dataset. A small proportion of
women had missing information on smoking status,
alcohol consumption, and BMI, but these were dealt
with by multiple imputation. As we did not have
reliable data for age at onset of menopause for all
women, we estimated onset from the first menopause
specific record before the earliest HRT prescription. For
women with no such record we assumed onset within
the most common age range of 50 to 54 years. We did
not investigate the differences between continuous

doi: 10.1136/bmj.m3873 | BMJ 2020;371:m3873 | thelmj
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Recent use
Oestrogen only

Age 50-59

Odds ratio

(95% CI)

Odds ratio
(95% CI)

Age 60-69

Age 70-79

Odds ratio

(95% CI)

Odds ratio
(95% CI)

Odds ratio

(95% CI)

Odds ratio
(95% CI)

<1year -o- 1.14(1.02 t0 1.28) —o— 1.09 (0.92 t0 1.28) —— 1.12(0.84 t0 1.48)

1-4 years -&- 1.12(1.03 to 1.21) - 1.13(1.04 to 1.24) —o— 1.26 (1.07 to0 1.48)

>5years 19- 1.08(0.99 t0 1.18) * 1.17 (1.09 t0 1.25) -o- 1.25(1.11 t0 1.39)
Oestrogen-progestogen

<1year * 1.05(0.99 t0 1.12) -o- 1.27(1.13 t0 1.42) —— 1.34(1.03 t0 1.73)

1-4 years * 1.34(1.28 t0 1.39) - 1.49 (1.41 t0 1.58) —o— | 1.62(1.41t01.87)

>5years & 1.57 (1.48 t0 1.66) | 1.83(1.75t01.91) » 2.20(2.02t02.39)
Tibolone

<1year & 0.87 (0.77 t0 0.99) -o- 1.07(0.94t01.23) | —&— 0.85(0.61 to 1.20)

1-4 years - 1.08 (0.94 t0 1.23) ~&- 1.14(1.02 t0 1.27) —o— 1.25(1.00 to 1.57)

>5years —_—— 1.21(0.88 to 1.66) —-— 1.29(1.12 t0 1.48) —— 1.50 (1.25 t0 1.81)
Past use

Oestrogen only

<1year - 1.05(0.91 to 1.21) o 1.05(0.96 to 1.16) 0= 1.09(0.97 to 1.22)

1-4 years = 0.94(0.79 to 1.11) > 0.94(0.87 to 1.02) - 1.08 (0.97 to 1.20)

>5years —— 1.03(0.77 t0 1.38) & 0.93(0.84 to 1.02) -0 1.06 (0.95t0 1.17)
Oestrogen-progestogen

<1year & 1.00(0.92 to 1.08) <> 0.96 (0.91 to 1.01) R g 1.02(0.94to 1.11)

1-4 years R4 0.96 (0.87 to 1.05) . 1.06 (1.01to 1.11) R 4 1.15(1.07 t0 1.23)

=5 years —— 0.93(0.75t0 1.14) 8 4 1.15(1.08 to 1.22) & 1.26(1.17 t0 1.35)
Tibolone

<1year -o- 0.95(0.82 t0 1.10) L 2 0.98(0.90 to 1.06) - 0.96 (0.87 to 1.07)

1-4 years —— 1.04 (0.76 to 1.43) K & 0.98(0.88 t0 1.10) -o- 0.99(0.86 t0 1.13)

=5 years No data —— 1.03(0.80 to 1.34) —o— 1.00(0.80 to 1.25)

05 10 15 20 05 10 15 20 05 10 15 20

Fig 5 | Use of oestrogen only, oestrogen-progestogen, and tibolone in women of different ages in association with breast cancer risk. Odds ratios are
with reference to never users and adjusted for smoking status, alcohol consumption, Townsend fifth (QResearch only), body mass index, ethnicity,
history of other cancers, oophorectomy or hysterectomy, records of early and late menopause, menopausal symptoms, mammography or scans,
family history, comorbidities, other drugs, and years of data. Cases are matched to controls by age, general practice, and index date

and sequential HRT because these regimens are
prescribed at different times after menopause. As our
cases and controls were matched by age, they would
likely have been prescribed similar regimens, making
a comparison infeasible. Our primary focus, anyway,
was recent long term exposure.

No reliable data were available for established risk
factors for breast cancer, such as parity or time of
the first pregnancy, but there is no evidence to show
that these are related to HRT use. No data for physical
activity were available, but a possible risk reduction for
active women has been shown not to be influenced by
menopausal status.”> Some women might have joined
their current practice after the onset of menopause,
so records of past treatments might not have been
available. The results from the subgroup restricted to
women with at least 10 years of data, however, showed
a similar pattern of risk associations to that of the
main analysis. Use of HRT might have the side effect of
increased breast density, possibly masking cancers and
leading to diagnostic delays,** which could shift odds
ratios for short duration towards unity. Also, although
there was no information about adherence to HRT,

thebmj | BMJ2020;371:m3873 | doi: 10.1136/bmj.m3873

any systematic differences between cases and controls
seems unlikely because information was recorded
prospectively before diagnosis. Conversations with lay
women involved in this research also revealed a high
adherence to HRT.

Strengths and weaknesses in relation to other studies
Our study used a nested case-control design, so it did
not follow women prospectively from the start of HRT
or assess average lifetime risks. Rather, it looked back
at already recorded exposures to HRT for women with
a diagnosis of breast cancer and matched controls in
the age range 50 to 79 and produced comparisons
of risks averaged across all time points at which
diagnoses in the datasets occurred. The study is based
on data derived from real world treatment settings,
when women might not have had a constant supply
of a preparation and might have needed to switch
drugs during the study period. Including all exposures
prescribed over time allowed us to present information
for a wide range of common types of HRT.

Most trials produced results for a more restricted
number of treatments. A meta-analysis of existing
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BMI up to 25 kg/m? BMI 25 up to 30 kg/m? BMI =30 kg/m?
Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio Odds ratio
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
Recent use
Oestrogen only

<1year —— 1.01(0.82t01.24) | —&— 0.81(0.63 to 1.03) -—— 1.21(0.92 to 1.58)

1-4 years 10- 1.09 (0.96 to 1.23) -0~ 0.97(0.85t0 1.11) -— 1.02 (0.86 to 1.22)

=5 years -o- 1.24(1.11 t0 1.38) - 1.10(0.99 to 1.24) - 0.98(0.85t0 1.14)
Oestrogen-progestogen

<1year - 1.08 (0.97 to 1.20) - 1.14(1.00 to 1.31) —o— 1.12(0.93 to 1.34)

1-4 years -&- 1.49(1.39 t0 1.59) -&- 1.36 (1.25 to 1.48) ro- 1.13(1.00 to 1.27)

=5 years -® 1.93(1.80 to 2.06) -o- | 1.71(1.58 to 1.85) -o- 1.38(1.23 t0 1.55)
Tibolone

<1year -o— 0.94(0.79 t0 1.13) - 0.84(0.67 t0 1.05) |—&— 0.74 (0.55 to 1.00)

1-4 years —-o— 1.10(0.93 to 1.31) —o— 1.12(0.92 t0 1.37) —o— 1.12(0.85 to 1.47)

=5 years —— 1.45(1.15t0 1.82) —— 1.45(1.14 to 1.84) —r— 1.02(0.71 to 1.46)
Past use

Oestrogen only

<1year -— 1.03(0.87 to 1.21) - 1.00(0.86 to 1.16) -— 1.04(0.89 to 1.22)

1-4 years -o— 1.05(0.90 to 1.22) -o- 0.96 (0.84 to 1.10) -o- 1.02(0.89 t0 1.18)

=5 years -o— 0.98(0.83 t0 1.15) -&- 1.08 (0.93 to 1.25) -o— 0.99(0.84 to 1.16)
Oestrogen-progestogen

<1year “* 0.96 (0.88 to 1.04) & 0.93(0.85t0 1.02) K 1.00 (0.90 to 1.10)

1-4 years & 1.04(0.95t0 1.12) 2 2 1.01(0.93 to 1.09) 1@ 1.08 (0.99 to 1.19)

=5 years -&- 1.14(1.03 to 1.26) -o- 1.17 (1.06 to 1.30) - 1.19 (1.05 to 1.34)
Tibolone

<1year -o- 0.93(0.81 to 1.06) -&- 0.98(0.86to 1.11) -o— 1.16 (1.00 to 1.36)

1-4 years i 0.82(0.67 to 1.01) - 0.92(0.77 to 1.10) To— 1.14(0.92 to 1.41)

=5 years -—® 1.32(091t01.93) | —&— 0.910.63t01.31) —&— 0.88 (0.56 to 1.39)

1.0 15 20 05 1.0 15 05 1.0 15 20

Fig 6 | Use of oestrogen-only, oestrogen-progestogen, and tibolone in women of different body mass index in association with breast cancer

risk. Odds ratios are with reference to never users and adjusted for smoking status, alcohol consumption, Townsend fifth (QResearch only), body
mass index, ethnicity, history of other cancers, oophorectomy or hysterectomy, records of early and late menopause, menopausal symptoms,
mammography or scans, family history, comorbidities, other drugs, and years of data. Cases are matched to controls by age, general practice, and

index date

trials,” taken largely from the Women’s Health with and without medroxyprogesterone.® In contrast to
Initiative study, provided estimates only for the our estimates of a slightly increased risk for long term
specific treatments of conjugated equine oestrogen users of conjugated equine oestrogen (average duration

Table 2 | Incidence rates and excess of cases of breast cancer compared with never use per 10000 women years by
different age categories and different durations and recency of hormone replacement therapy (HRT) use

Age group (years)
50-59 60-69 70-79
HRT and duration of use by recency  Rate per 10000 Extra cases Rate per 10000 Extra cases Rate per 10000 Extra cases
Never use 26 - 31 - 30 -
Oestrogen only:
Recent use 1-5 years 29 3 35 4 38 8
Recent use =5 years 28 = 36 5 38 8
Oestrogen-progestogen:
Past use 1-5 years 25 = 33 2 35 5
Past use >5 years 24 = 36 5 38 8
Recent use 1-<5 years 35 9 46 15 49 19
Recent use =5 years 41 15 57 26 66 36
Tibolone:
Recent use 1-<5 years 28 = 35 4 38 8
Recent use =5 years 31 = 40 9 45 15

Rates were estimated using rates in unexposed populations from Clinical Practice Research Datalink multiplied by adjusted odds ratios derived from
subgroup analyses for different age categories (see fig 5). Extra cases were reported only for statistically significant findings. Recent use is within one and
five years; past use is five years before the index date.
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Rate per 10 000 women years Rate per 10 000 women years

Rate per 10 000 women years

Age 50-59
80 &

60

40

20

0

Age 60-69
80 &

60

40

20

0

Age 70-79
80 &

60

20

0

Recency and duration of use
m Never used Past <5 years M Recent <5 years
M Past >5years M Recent =5 years

Oestrogen Oestrogen- Tibolone
progestogen

Fig 7 | Incident breast cancer rate per 10 000 women years for women unexposed
and exposed for different durations to different hormone replacement therapies by
age range. Rates were estimated using rates in unexposed populations multiplied
by adjusted odds ratios derived from subgroup analyses for different age categories

(see fig 5)

for recent exposure of 5.6 years, odds ratio 1.07, 95%
confidence interval 1.01 to 1.12), the meta-analysis
found no difference in risk of breast cancer (relative
risk 0.79, 95% confidence interval 0.61 to 1.02) after a
mean duration of 7.2 years. The observed relative risk
for the combined conjugated equine oestrogen with
medroxyprogesterone therapy after a mean duration
of 5.6 years (1.27, 1.03 to 1.56) was similar to our
findings for recent exposure, with an average duration
of 3.7 years (odds ratio 1.35, 1.30 to 1.41).

Our estimates were consistent with previous
observational studies.” **?’ The Million Women
Study?®® * showed slightly higher risks than our study:
for recent oestrogen only users a relative risk of 1.30
(95% confidence interval 1.21 to 1.40) compared with
our odds ratio of 1.12 (1.08 to 1.16), and for recent
oestrogen-progestogen users a relative risk of 2.00

thebmj | BMJ2020;371:m3873 | doi: 10.1136/bmj.m3873

(1.88 to 2.12) compared with our odds ratio of 1.51
(1.47 to 1.54). However, the Million Women Study
only covered a selected population of women who
had undergone mammography, and the initial study
used just a single baseline questionnaire to collect
information.”® Taken together, the relatively high
proportion of HRT users in the initial study (55% were
ever users and 35% were current users) and the less
than 65% response rate at three years of follow-up,
which would be expected also to be skewed towards
HRT users, would suggest that women who used HRT
were more likely to have participated.?’

In general, some inconsistency was found between
the proportions of women exposed to HRT in data
used for our study and those used in the 2019 meta-
analysis.'’ The predominant (40%) data source for
the meta-analysis was from the Million Women Study,
where, 51% of cases had ever been exposed to HRT
and 18% of cases were current users (<5 years). The
second largest data source, comprising 28% of the
data used in the meta-analysis, was routinely collected
CPRD data (one of the two data sources in our study),
and here 40% of women with breast cancer had been
exposed to HRT and 12% were current users. Both
these exposure rates contrast with those in our study,
which overall had 349% of cases ever exposed and 19%
of cases with prescriptions within 1-5 years before
diagnosis.

We cannot speculate on reasons for these differences
in the CPRD data used because we do not have access
to relevant information for the 2019 meta-analysis.
That sample contained slightly older cases (mean age
at diagnosis 66 v 63 in our sample) but no age range
was reported. The estimations of risk for overall use
of HRT in our CPRD analysis (odds ratio 1.21, 95%
confidence interval 1.18, 1.25) were, however, similar
to the CPRD specific estimations reported in the meta-
analysis (relative risk 1.25, 95% confidence interval
1.20, 1.30). For recent use (prescriptions 1-2 years
before the index date), when the proportions of HRT
users in CPRD data used in our study and in the meta-
analysis were closest, the estimates of risk were also
similar. In our analysis of CPRD data on recent use, the
odds ratios were 1.25 (1.17 to 1.34) for oestrogen only
and 1.91 (1.83 to 1.99) for oestrogen-progestogen,
whereas for the CPRD data used in the meta-analysis
the corresponding findings were 1.36 (1.25 to 1.4) and
2.16 (2.02 to 2.31).

Comparative assessment of the findings from
the 2019 meta-analysis is in general complicated
by the heterogeneity of included studies and data
sources. The meta-analysis included data from 24
differently designed prospective studies from around
the world. Differences between findings from our
large, consistently designed study and those from the
meta-analysis might be related to the different periods
covered by included studies or several problems
relating to the different data sources. Some studies
used routinely collected data with different definitions

of exposure,®>° some used questionnaires with a single
baseline assessment of exposure,”’ 2 3! and others
13
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used repeated biennial questionnaires.”> > Some
participants were recruited from different countries
with ever exposure levels varying from 19% to 69%,*
and some studies were from different profession
related populations.® *®

Overall, our results were broadly in line with those
of the meta-analysis'* but with slightly lower risks for
long term exposures. This might partly be explained
by almost half of the cases in the meta-analysis
coming from the Million Women Study. For current
use, however, the meta-analysis reported similar
associations with risk of breast cancer, regardless
of whether such use was restricted to HRT exposure
within the past five years or within the past two
years. By contrast, we found associations to be more
pronounced for users with a prescription recency of
1-2 years before the index date, with higher odds ratios
than for an exposure recency of 1-5 years. Our results
with a recency definition of 1-2 years were broadly
similar to those of the meta-analysis for either of their
definitions of current use, whereas our findings for
1-5 years recency were lower. The difference in risk
found by us seems to be more in line with previous
expectations of declines in risk after cessation of HRT.”

Our findings for oestrogen only users with recent
(1-5 years) use of more than five years (odds ratio 1.15,
95% confidence interval 1.09 to 1.21) were lower
than those from the meta-analysis (relative risk 1.33,
95% confidence interval 1.28 to 1.38).'' Our study
also found a marginally higher risk associated with
estradiol than with conjugated equine oestrogen. For
oestrogen-progestogen therapy, our finding for recent
use of more than five years duration was also lower
(1.79, 1.73 to 1.85) than the meta-analysis estimate
(2.08, 2.02 to 2.15). Despite the similar average
duration of exposures between our study and those in
the meta-analysis, our findings for the different types
of the most common progestogens and tibolone were
consistently lower than those of the meta-analysis
(supplementary eTable 16).

For dydrogesterone, our study found lower risks
associated with more than five years of exposure than
in the meta-analysis (1.24, 1.03 to 1.48 v 1.41, 1.17
to 1.71)."! The risk from dydrogesterone was much
lower than for any other progestogen, but one of our
sensitivity analyses did show a statistically significant
increased risk for a small subgroup of dydrogesterone
users—those with a prescription 1-2 years before the
index date and more than five years of use (112 cases,
odds ratio 1.47, 1.19 to 1.83).

Our study showed differential risks associated with
HRT use by age category. For recent exposures of more
than five years’ duration, associated risks of breast
cancer rose with increasing age category. This might
partly be explained by generally longer usages in older
age categories, although exposure of 1-4 years was
similarly associated with increasing risk from younger
to older age groups of women. Our findings for the
70-79 age group for oestrogen only use (1.25, 1.11 to
1.39) and for oestrogen-progestogen use (2.20, 2.02 to
2.39) are in line with findings from the meta-analysis**

for women who started HRT at the age of 55-59 and
continued treatment for 5-14 years : oestrogen only
use of 1.26 (1.12 to 1.41) and oestrogen-progestogen
use of 1.97 (1.81 to 2.15).

The adiposity of included women differed between
our study and previous studies. Mean BMI in our study
(27.7 in cases) was higher than in other observational
studies (average 25)** but slightly lower than in the
Women’s Health Initiative trial (28.5).3* This could help
to explain overall differences in associations between
our findings and those of other studies, although the
mean BMI in our study reflects the distribution within
women with breast cancer diagnosed in the general
UK population over the study period. Our findings for
women matched by age and category of BMI are detailed
and comprehensive estimations of duration dependent
associations for HRT exposure and breast cancer risk.
They are broadly similar to those from previous studies
and the 2019 meta-analysis,'! > with the lowest
associations between HRT use and risk of breast cancer
in women in the highest BMI category. These concur
with findings from the Million Women Study (which
had relatively small numbers) and an earlier meta-
analysis.?’ > Some complex biological relation might
exist between fat tissue and HRT,*® although it might
also be related to differences in timeliness of diagnoses
between women with different body weights.

Implications for clinicians and policymakers

This study delivers more generalisable estimates of
the different risks of breast cancer associated with
specific progestogen components of HRT, while
confirming no increased risks from short term use
of oestrogen only, estradiol-dydrogesterone, and
tibolone. Increasing duration of use was generally
associated with increased risk, with tibolone and
estradiol-dydrogesterone showing the smallest risks.
The frequency of prescribing for treatments including
dydrogesterone was, however, much lower than for
those including norethisterone, medroxyprogesterone,
or levonorgestrel.

Unanswered questions and future research

In our study protocol we did not prespecify analyses
relating to cancer stage or tumour type because these
lay outside the main question of interest. Although
information on risk related to individual progestogens
could be improved, previous studies have shown that
the associated risks between HRT and tumour types
might differ, with higher risks of developing oestrogen
receptor positive tumours and lobular tumours.'!
Knowing the cancer stage could also address the
question of risk differences between women of various
body weights, to clarify whether systematic differences
might exist in diagnostic delay. Other unknowns
include questions about breast cancer survival rates
and all cause mortality in women using HRT."

Conclusion
This large observational study of HRT and breast

cancer risk based on two large primary care databases
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analysed in an identical manner has confirmed the
excess risk to be attributable mostly to combined
treatments, with the lowest risks associated with use of
the least commonly prescribed dydrogesterone. Rarely
prescribed tibolone also showed low increased risks.
Our findings of generally lower increased risks for
combined HRT treatments and of more pronounced
declines in risk once HRT has stopped, provide some
counterbalance to the higher than expected risks
reported in a recently published meta-analysis.'* Our
results add more evidence to the existing knowledge
base and should help doctors and women to identify
the most appropriate HRT formulation and treatment
regimen, and provide more consistently derived
information for women’s health experts, healthcare
researchers, and treatment policy professionals.
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