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Purpose: The study examined trends in breast cancer incidence, mammography testing
rates, hormone-replacement therapy (HRT) use and breast cancer subtypes in a large Israeli
health maintenance organization during 2000-2014.

Methods: Annual rates of mammography tests and HRTs use were analyzed in women age
>45. Annual incidence rates of breast cancer were analyzed in women age >20. Estimated
annual percentage changes were used to test changes in incidence rates. Invasive breast
cancer subtypes were approximated by treatments received. We compared annual rates and
duration of HRTs use between women diagnosed with breast cancer and those who were not,
as well as HRT use between subtypes of invasive breast cancer.

Results: We identified 14,092 breast cancer cases (88% invasive, 12% in situ). The age-
adjusted incidence rate of invasive breast cancer peaked in 2005, consistent with increased
mammography screening that year, and decreased thereafter. HRT use decreased from 13.2%
in 2002 to 4.6% in 2014. The subtypes distribution of 7771 patients diagnosed with invasive
breast cancer during 2007-2014 was: luminal A and B without HER2 over-expression (HR
+/HER2-), 69.7%; Luminal B with HER2 over-expression (HR+/HER2+), 8.9%; Hormone
receptor-negative HER2 enriched (HR-/HER2+), 5.4%; triple negative (HR-/HER2-), 10.0%;
unknown, 6.0%. Overall, in women age >45 diagnosed with invasive breast cancer, 76-86%
did not have HRT exposure vs 14-24% who were current (within 1 year before the breast
cancer diagnosis), recent (within 2—5 years), or past users (>5 years). Current/recent HRT use
was statistically significantly higher in luminal vs non-luminal/unknown breast cancer sub-
types (13.9% vs 8.9%, respectively; p < 0.001).

Conclusion: Our results show a decrease in breast cancer incidence that parallels the global
and local decrease in HRT use. Yet, our results imply that current/recent HRT exposure may
contribute to the incidence of luminal breast cancer tumors in particular. The magnitude of
the effect supports findings from population-based studies.
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Introduction

Globally, breast cancer constitutes the second most common incident cancer in women
(after non-melanoma skin cancers) with estimated 1.9 million incident cases and age-
standardized incidence rate of 45.9 per 100,000 in 2017." It is also the leading cause of
cancer deaths in women with age-standardized death rate of 14.1 per 100,000 in 2017."
These rates differ substantially across regions and countries: in 2012, breast cancer
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incidence rates ranged from 111.9 per 100,000 (Belgium) to
34.8 per 100,000 (Chile) and 80.5 per 100,000 (Israel).?

Breast cancer mortality is being reduced worldwide
through mammography screening and improved medical
interventions.>* A meta-analysis of clinical trials demonstrated
that over a 10-year period, screening 10,000 women age 50—59
years and 10,000 women age 60—69 is expected to result in 8
and 21 fewer breast cancer deaths, respectively.” The US
Preventive Services Task Force recommends biennial screen-
ing mammography for average-risk women age 50-74 years.®
The Israeli recommendations follow those issued by the afore-
mentioned task force and a mammography screening program
exists in Israel since the early 1990s.”

The Women’s Health Initiative (WHI) hormone therapy
trials included 2 studies involving over 27,000 postmenopausal
healthy women, who were randomized to hormone replace-
ment therapy (HRT) or placebo. After the publication of the
findings from the estrogen plus progestin trial which reported
an increased breast cancer risk with HRT, HRT consumption
has decreased in many countries and a subsequent decrease in
breast cancer incidence was noted.* ' However, elucidating
the role of competing factors such as decreased HRT use and
changes in mammography screening on breast cancer inci-
dence has been a challenge. A study conducted in Israel,
focusing on women age>50 years, demonstrated competing
impacts of HRT use and performing mammography tests on
breast cancer incidence, with a net decrease in breast cancer
incidence associated with reduced HRT utilization.""

In the current study, we analyzed trends in mammo-
graphy testing rates, breast cancer incidence and HRT
utilization rates between 2002 and 2014. In addition, we

compared annual rates and duration of HRTs use between
women diagnosed with breast cancer and those who were
not. The association between HRT use and subtypes of
invasive breast cancer was assessed as well.

Materials and Methods
Study Design

This observational retrospective study utilized the compu-
terized databases of Maccabi Healthcare Services (MHS),
a health maintenance organization (HMO) operating in
Israel, with over 2 million members, representing
a quarter of the Israeli population. MHS databases include
person-level data (ie, all data systems are linked by
a unique patient identifier) and integrate data from the
MHS central laboratory, medication prescriptions and pur-
chases throughout the MHS pharmacy network, consulta-
tions, hospitalizations, procedures, and socio-demographic
data. Physician diagnoses are coded wusing the
International Classification of Disease, 9th Edition (ICD-
9-CM) codes as well as by internal MHS codes for sub-
classification. The study was approved by the institutional
review board (IRB) of Bait-Balev Medical Center, and was
conducted in accordance with the declaration of Helsinki.
The study was granted a waiver for obtaining patient
consent.

Study Population and Variables

The study follow-up period was between January 1 2002
and December 31 2014. We performed several analyses.
For each one, different inclusion criteria were defined
(Figure 1).
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Figure | Study population included in each of the analyses of the study.
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The first analysis examined the annual rates of per-
forming mammography tests during 2002-2014. The
numerator included all females age>45 years who under-
went mammography in a calendar year or the
preceding year. The Israeli national program for early
breast cancer detection recommends biennial mammogra-
phy for females age>50 years. However, younger women
with family history of breast cancer (regardless of their
BRCA status) or other medical indication, such as prior
biopsy with proliferative changes, are also eligible for
mammography. The denominator for each year included
all MHS female members who were age>45 years.

The second analysis examined the annual incidence
rates of breast cancer. Included were MHS female mem-
bers age>20 years, with breast cancer that was first diag-
nosed during 2002-2014. The breast cancer diagnosis, as
identified in the MHS databases was then confirmed
through the Isracl National Cancer Registry (INCR).
Breast cancer was further defined as invasive or in situ
according to the INCR code. The annual denominators
included all MHS female members age>20 years.
Subtypes of invasive breast cancer cases were approxi-
mated according to treatments received (chemotherapy,
hormonal therapy and anti-human epidermal growth factor
receptor 2 [HER2] therapy or combination thereof) in the
6 months before the breast cancer diagnosis and up to 18

after (Table Sl).

. 12 . . . . .
described © was used since pathological information is

months This method, previously
not available electronically. However, in Israel, anti-
HER2 therapy requires pathological information for
approval, as per the guidelines of the American Society
of Clinical Oncology."* HR stands for hormone receptor.
HR+ means that tumor cells have receptors for the hor-
mones estrogen and/or progesterone. HER2+ means that
tumor cells make high levels the HER2 protein. Invasive
breast cancer subtypes were categorized into five groups:
luminal A and luminal B without HER2 overexpression
(HR+ and HER2-); luminal B with HER2 overexpression
(HR+ and HER2+); Hormone receptor-negative HER2-
enriched (HR-and HER2+); triple negative (HR- and
HER2-); and the rest were categorized as unknown.'
The analysis was restricted to those diagnosed during
2007-2014 as adjuvant trastuzumab was approved in
Israel in 2007.

The third analysis examined annual rates of HRT utili-
zation during 2002-2014 in 2 subsets of patients: all
female MHS members age>45 years and a subset of
these members who were diagnosed with breast cancer.

HRT was defined only as oral and transdermal prepara-
tions. HRT use was defined similarly in these 2 subsets: in
the first subset, the use was defined per calendar year
whereas in the second subset, the breast cancer diagnosis
date served as a reference date. Current HRT use was
defined as use of >3 packs of HRTs in a calendar year/
year prior to the breast cancer diagnosis; recent use as no
current use and at least one year of use (=3 packs) in years
2-5 before each calendar year/year of breast cancer diag-
nosis; and past use as no current/recent use and at least
one year of use (=3 packs) at least 5 years before the
calendar year/year of breast cancer diagnosis. HRT pre-
parations were categorized as those containing estrogen
only, estrogen plus progesterone, or tibolone. For breast
cancer patients, HRT type category was defined as the last
HRT purchase prior to the breast cancer diagnosis. For
those with no breast cancer diagnosis, HRT type category
was defined as the last HRT purchased during the study
follow-up period. Duration of HRT use was defined as the
number of years with >3 packs of HRTs purchased in
a calendar year prior to the breast cancer diagnosis and
during the study follow-up period for those with no breast
cancer diagnosis.

The fourth analysis examined the distribution of cur-
rent, recent and past use of HRT by invasive breast cancer
subtypes among those age>45 diagnosed during 2007—
2014.

Statistical Analyses

Annual rates of mammography testing and breast cancer
incidence are presented per 100,000 patients. Age standar-
dized incidence rates of breast cancer were calculated
using the direct method and stratified according to breast
cancer type. Estimated annual percentage changes
(EAPCs) were determined by fitting a least squares regres-
sion to the natural logarithm of the age-adjusted incidence
rates during 2002-2014 with 95% confidence intervals
(CI). Annual incidence rates of breast cancer are presented
by age groups as well. HRT utilization rates are presented
as proportions in all females and in those diagnosed with
breast cancer. Chi-square test was used to test differences
in the proportions of HRT utilization rates and Mann—
Whitney U-test was used to test differences in the duration
of HRT use between those diagnosed with breast cancer
and non-breast cancer women. Chi-square test was used to
test differences in the proportions of HRT utilization rates
between luminal subtypes of invasive breast cancer and
those with non-luminal/unknown subtypes.
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All statistical analyses were performed with IBM-SPSS

version 25.0 standard statistical software. Two-sided

p<0.05 was considered statistically significant.

Results

During the study follow-up period, the annual number of
female MHS members age>20 years, ranged from 500,000
in 2002 to 700,000 in 2014, of whom 200,000-340,000
were >45-year-old.

Mammography Testing Rates Over Time
Overall, mammography testing rates increased from 2002
to 2014. A sharp increase was noted between 2004 and
2005, from a screening rate of 40,017 per 100,000 to a rate
of 48,161 per 100,000, followed by a steady increase
thereafter (Figure S1).

Breast Cancer Incidence by Type and Age

Over Time

Between 2002 and 2014, a total of 14,085 breast cancer
cases were identified among MHS female members
age>20. These cases included 12,354 patients with inva-
sive breast cancer (87.7% of incident breast cancer cases)
and 1731 patients with in-situ breast cancer (12.3% of
incident breast cancer cases). The median age at diagnosis
for those with invasive breast cancer was 56.0 (IQR 46.0—
65.0) and 54.0 (IQR 47-63) for those diagnosed with in-
situ breast cancer. The age-adjusted incidence rate of inva-
sive breast cancer peaked in 2005 and decreased thereafter
(Figure 2A). The decline for overall breast cancer and for
invasive breast cancer was significant (ie, negative EPAC
and 95% CI not crossing the value 0) for the 2002-
2014 period. EAPC (95% CI) was —0.88 (—1.37, —0.38)
overall, —0.94 (—1.42, —0.46) for invasive breast cancer
and —0.36 (—1.35, 0.64) for in situ breast cancer. Age is
a risk factor for breast cancer overall (Figure 2B), and for
invasive and in situ breast cancer separately (Figure S2A
and B). In women age 50-74, for whom biennial mammo-
graphy tests are routinely performed at a subsidized price,
as part of the national screening program for breast cancer,
the invasive breast cancer incidence peaked around 2005,
consistent with the mammography increase that year
(Figure S1), and declined thereafter (Figure S2A). In
patients, age>75 years, for whom mammography screen-
ing is not routinely performed, no such peak was observed

(Figure S2A).

HRT Use and Breast Cancer Incidence

Overall and by Subtype
Analysis of HRT use among all MHS female members
(age>45 years) by type of use (eg, current and recent
users) demonstrated a continuous decrease during 2002—
2014. Specifically, the proportion of current HRT users (ie,
use in the calendar year or the year prior to diagnosis)
decreased from 13.2% in 2002 to 4.6% in 2014 (Figure 3).
Evaluating the proportions of HRT use over time in
women diagnosed with breast cancer compared with the
non-breast cancer women, demonstrated consistently
higher annual rates of current HRT use in those recently
diagnosed with breast cancer (Figure 4). In 2003 and as of
2007 the differences between the two groups were signifi-
cant (p< 0.05, Chi-squared test). The median duration of
HRTs use was significantly longer among breast cancer
patients (5 years, interquartile range [IQR] 2—8) compared
with the non-breast cancer women (4 years, IQR 2-7) (p<
0.001, Mann—Whitney U-test). The proportion of women
using HRTs for >3 years was 73.3% among those diag-
nosed with breast cancer vs 63.0% among non-breast
cancer women (p< 0.001, Chi-square test). HRT type
used (in women >45 years of age) was similar between
breast cancer patients and the non-breast cancer women:
preparations with estrogen plus progesterone were pur-
chased by 62% and 61%, estrogen alone by 24% and
26%, and tibolone by 14% and 13%, respectively.

Invasive Breast Cancer Subtype and HRT

Use

Between 2007 and 2014, 7771 patients were diagnosed with
invasive breast cancer, of whom 6218 were age >45 years
(Table S2). The distribution of invasive breast cancer sub-
types of those age>45 was: luminal A and luminal
B without HER2 overexpression (HR+ and HER2-), 4548
(73.1%); luminal B with HER2 over-expression (HR+ and
HER2+), 480 (7.7%); Hormone receptor-negative HER2-
enriched (HR- and HER2+), 302 (4.9%); triple negative
(HR- and HER2-), 514 (8.3%); unknown, 374 (6.0%). We
further analyzed HRT use among this subgroup by tumor
subtype (Figure 5). Overall, 76.5-86% of patients age >45
across all subtypes did not have any HRT exposure vs 14—
23.5% who were current, recent, or past users. HRT use in
the 5 years before the breast cancer diagnosis (ie, current
plus recent use) was statistically significantly higher in
those with luminal subtypes vs those with non-luminal
/unknown subtypes (13.9% vs 8.9%, p< 0.001, Chi-
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Figure 2 Breast cancer incidence 2002-2014. (A) Age-adjusted annual incidence rate of breast cancer by type and overall. (B) Age-specific annual incidence rates of breast

cancer overall (invasive and in situ).

squared test). Specifically, current plus recent HRT use in
those with luminal A and luminal B without HER2 over-
expression and in those with luminal B with HER2 over-
expression was 14.2% and 11.1%, respectively, whereas in
hormone receptor-negative and HER2-enriched, triple-
negative, and unknown subtypes, the respective values
were 8.9%, 9.7%, and 7.7%, (Figure 5).

Discussion
Our analysis of data from a large HMO with person-level
data demonstrated that between 2002 and 2014, HRT use

decreased dramatically. Breast cancer incidence also
generally decreased over time yet we observed a slight
increase in 2005 among women age 50—74 years. This
increase may be attributed to intense mammography
screening efforts that began in 2004 and reached a peak
in 2005. As previously described,'' HRT use and mam-
mography have a competing effect on breast cancer
incidence, yet our results, together with those of the
previous study on MHS database, demonstrate that the
decrease in HRT utilization is associated with a decrease
in breast cancer incidence. Our results also show higher
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Figure 3 Annual proportions of HRT use 2002-2014 among all female MHS members (age 2 45 years) by period of use (current users, HRT use in the calendar year/year
prior to breast cancer diagnosis; recent users, HRT use in any of the years 2-5 before each calendar year/year of breast cancer diagnosis).

proportions of current use of HRT and longer duration of
HRTs exposure in breast cancer patients compared with
non-breast cancer women. The proportion of current/
recent HRT use was significantly higher in women with
luminal subtypes than in non-luminal/unknown subtypes,
possibly suggesting that HRT use mostly contributes to
risk of hormone-dependent tumors.

The observed decrease in breast cancer incidence par-
allels the decrease in HRT use which is associated with the
publication of the data from the WHI hormone therapy
trials. This decrease is consistent with findings from
numerous observational studies conducted in the US,
Canada, Europe, and Australia.">>* This association was
also demonstrated by our previous report on HRT use in
MHS members.!! Moreover, the decrease in breast cancer
incidence was observed in the age groups of 50-75 and
>75 but not among younger women, who do not use HRTs.

The distribution of invasive breast cancer subtypes
found in our study is similar to that found by the INCR
in 2017 of 85% luminal subtypes (HR+, with or without
HER2 overexpression) and 10% triple-negative.*> Our dis-
tribution is also similar to that found by the United States

National Cancer Institute during 2014-2018 of 68% HR
+/HER2-, 10% HR-+/HER2+, 4% HER2-enriched, 10%
triple negative and 7% unknown.'*

Prior studies have shown that HRT increases breast
cancer risk mostly in current (vs never) HRT users, with
higher risk for luminal subtypes.®%!720-21:26733 Also, sev-
eral studies reported that following the decrease in HRT
use, the observed decrease in breast cancer incidence was
specific to luminal subtypes.'’?%?! For example, analysis
of the US National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) registry demon-
strated a decrease in breast cancer incidence in women age
> 50 years after 2002 which was more evident in luminal
subtypes than in non-luminal subtypes (for women age
50-69 decrease of 14.7% vs 1.7%, respectively).'” Our
results also imply that the association between HRT use
within the last 5 years (current/recent) and breast cancer
incidence is stronger in luminal subtypes than in non-
luminal or other subtypes of breast cancer. Previous stu-
dies have also found increased risk for breast cancer
among those who used HRT in the 5 years before the
breast cancer diagnosis.***> Notably, the proportion of
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Figure 4 Annual proportions of current use of HRT according to breast cancer status (age 2 45 years). Differences in HRT use between breast cancer free women and those
diagnosed with any breast cancer were statistically significant (p < 0.05) in 2003 and 2007-2014.

past users may be underestimated in our analysis, as HRT
use has been documented in the MHS systems only from
1998. The proposed biological mechanism behind this
association is thought to be the promotion of accelerated
growth of existing small carcinomas by HRT (mostly by
combined estrogen/progesterone or by androgen), though
induction of de-novo malignant tumors cannot be
excluded.

The type of HRT used in our study was almost iden-
tical in breast cancer and non-breast cancer women pur-
chasing those drugs, and only about a quarter received
estrogen-only preparations. The impact of such prepara-
tions on breast cancer incidence is still being debated, with
recent analyses reporting contradicting results. A meta-
analysis on data obtained from 58 studies (approximately
570,000 women) demonstrated that all HRT types except
for vaginal estrogens were associated with increased breast
cancer incidence and that the greatest risk was with estro-
gen plus progesterone.” Similarly, the Million Women
Study also found in an analysis of approximately
907,000 women that both estrogen only and estrogen

plus progesterone preparations were associated with an
increased risk for breast cancer mortality.>’ In contrast,
updated findings from the WHI studies involving over
27,000 women, showed that estrogen only preparations
were associated with decreased breast cancer incidence,
whereas estrogen plus progesterone preparations were
associated with increased breast cancer incidence/death.*®
Also, the duration of HRT use in our study was statistically
significantly longer in breast cancer cases than in non-
breast cancer women (medians of 5 vs 4 years, respec-
tively), which is consistent with the findings from the
aforementioned meta-analysis and the Million Women
Study demonstrating that breast cancer incidence/death
increases with duration of HRT use.>>~’

The strengths of our study include use of real-world data
on a large study population. We utilized personal-level data
from pharmacy purchasing, mammography tests, and the
Israel National Cancer Registry which allowed us to cross-
link those diagnosed with breast cancer with their past HRT
use, to assess the HRT exposure prior to diagnosis and to
compare it to HRT exposure in non-breast cancer women.
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Figure 5 Invasive breast cancer classification and HRT use during 20072014 among MHS female members age245 years on diagnosis (n =6218). The analysis includes
current users (within | year prior to the breast cancer diagnosis), recent users (within 2-5 years), past users (>5 years), and non-users.

Abbreviation: HER2, anti-human epidermal growth factor receptor 2.

Our study also has some limitations. Breast cancer subtypes
were approximated using actual treatments received, yet
a small number of the patients may have not followed
clinical treatment recommendations (ie, refused trastuzumab
therapy) and their breast cancer subtype may have been
misclassified or defined as unknown. Also, HRT use in
women with or without breast cancer was assessed only in
those aged >45 but was not further adjusted for age. Data on
BRCA status is considered highly confidential and therefore
was unavailable. Lastly, the retrospective nature of our study
and the lack of randomization allow us to examine associa-

tions but not causation.

Conclusions

Our analysis on a large-scale HMO personal-level longitudinal
data shows a general decrease in breast cancer incidence
together with decreased use of HRTs and increased mammo-
graphy testing rates between 2002 and 2014. The higher
proportion of HRTs use among women diagnosed with breast
cancer, particularly those with hormone-dependent subtypes,
together with the decrease both in invasive breast cancer
incidence and in HRT use may indicate a possible association

between current/recent HRT use in females age>45 years and
an increased breast cancer incidence, mostly that of hormone-
dependent breast cancer tumors.
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