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A B S T R A C T

In recent years, cancer treatment-induced bone loss (CTIBL) and increased risk of fracture has become an
emerging problem as breast cancer (BC) survival has increased due to early diagnosis and improved treatments.
In premenopausal women with BC, chemotherapy and tamoxifen are the treatments of choice in hormone re-
ceptor-negative and hormone receptor-positive BC respectively. Their effect on fracture risk has only been in-
vestigated in a few small-scale studies.
Therefore, we investigated the fracture risk in a cohort study based on data from the Disease Analyzer da-

tabase (IQVIA) and included 1761 individuals with BC and 1761 healthy women for comparison. After applying
similar inclusion criteria, patients with BC were matched 1:1 to those without BC with regard to age, index year,
and physician. Within 10 years of the index date, 6.4% of healthy women and 14.2% with BC sustained a
fracture (log-rank p-value < 0.001), showing a positive association between breast cancer and fractures (ad-
justed hazard ratio (HR)=2.39, p < 0.001). When analyzing women with BC with and without tamoxifen
treatment, 14.7% with and 12.9% without tamoxifen sustained a fracture. However, after adjustment, the HR
was 2.58 (p < 0.001) for women on tamoxifen versus healthy women and 1.63 (p=0.181) for women with BC
without tamoxifen treatment versus healthy women.
In conclusion, premenopausal women with BC with or without tamoxifen treatment had an increased in-

cidence of fractures compared to healthy women, but this difference was only significant when comparing
tamoxifen users versus healthy women. More studies are needed to identify the specific risk factors of women at
high risk.

1. Introduction

Breast cancer (BC) is the most common malignant disease in women
and is also the second leading cause of cancer-related deaths among
women aged 40–55 in the United States [1]. In the U.S., 40,000 female
patients die each year as a result of this disease [2]. In the United
Kingdom, BC has the fifth highest incidence rate in Europe and the
seventh highest in the world (95.0 new cases per 100,000 people) [3].
Worldwide, BC currently affects more than one in ten women [1]. In
recent years, the biologic characteristics of the primary tumor (breast
cancer) have increasingly been classified. Especially the distinction in
subtypes and whether a tumor is positive for hormone receptor ex-
pression or not has led to different treatment regimens (e.g., che-
motherapy, endocrine treatment). According to the recommendation of
current treatment guidelines, the hormone receptor-positive subtypes

require adjuvant endocrine treatment. Such treatment may be a com-
bination of tamoxifen and ovarian function suppression (OFS) with
luteinizing hormone-releasing hormone (LHRH) agonists or tamoxifen
alone, with or without adjuvant chemotherapy depending on the
biology of the primary tumor, tumor size, and grading, as well as lymph
node involvement [4,5].

In the past, several studies have investigated the influence of OFS
with LHRH on bone health, and a substantial annual decrease of bone
mineral density (BMD) of 5–7% has been reported. However, the long-
term influence of chemotherapy (CHT)-induced temporary or perma-
nent secondary amenorrhea in hormone-sensitive BC on bone health
has not been well examined. Short-term results indicate an equivalent
loss of BMD compared to LHRH analogs.

Tamoxifen is a selective estrogen receptor modulator (SERM).
Depending on the target organ, tamoxifen can have agonistic or
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antagonistic effects and may have a positive or negative impact on the
skeleton. According to previous reports, the positive or negative ske-
letal effect of tamoxifen is dependent on a woman's menopausal status
[6]. Recently, Kyvernitakis et al. reported that premenopausal women
with BC treated with tamoxifen had a higher fracture risk, while post-
menopausal women with BC showed no such increase of fracture risk
compared to healthy controls [7–9].

According to the recommendation of current treatment guidelines,
hormone receptor-negative BC in premenopausal women requires ad-
juvant CHT, which also includes trastuzumab if the primary tumor is
HER2-positive. Hormone receptor-negative primary BC is more
common in premenopausal women (37%) than in postmenopausal
women (21%) [10]. CHT may induce temporary or permanent sec-
ondary amenorrhea based on the CHT used and the patient's age. The
influence of secondary amenorrhea on bone loss has been previously
studied, but data on fracture incidence are still lacking.

Regardless of the anti-cancer treatment chosen, the long-term ef-
fects in premenopausal women with BC lead to a clinically significant
loss of BMD and perhaps an increased risk of fracture. Considering the
young age and the continuing increase in life expectancy of pre-
menopausal woman with BC, bone health is becoming a major concern.

The aim of our study was to investigate the fracture incidence in a
large sample of premenopausal women with BC, taking into account the
influence of endocrine treatment or chemotherapy.

2. Methods

2.1. Database

This study was based on data from the Disease Analyzer database
(IQVIA), which compiles drug prescriptions, diagnoses, and basic
medical and demographic data obtained directly and in anonymous
format from computer systems used in the practices of general practi-
tioners and specialists. Diagnoses (International Classification of
Diseases, 10th revision [ICD-10]), prescriptions (Anatomical
Therapeutic Chemical [ATC] Classification system), and the quality of
reported data are monitored by IQVIA based on a number of criteria
(e.g., completeness of documentation and linkage between diagnoses
and prescriptions). In the UK, the sampling methods used to select
physicians’ practices were appropriate for obtaining a representative
database of outpatients [11]. The sampling method for the Disease
Analyzer database is based on statistics from all doctors in the UK.
These statistics are used to determine the panel composition according
to the following strata: region, community size category, and physician
age.

Finally, several studies using the UK Disease Analyzer database have
already been published [3,12].

2.2. Study population

The current study sample included patients who received a BC di-
agnosis (ICD-10: C50) for the first time in one of 205 general practices
in the UK between January 2005 and December 2015 (index date).
Inclusion criteria were as follows: a follow-up time of at least 12 months
after the index date; age between 18 and 50 years at the index date; and
no diagnosis of osteoporosis (ICD-10: M80, M81) or fractures (S02, S12,
S22, S32, S42, S52, S62, S72, S82, S92, T02, T08, T10, T12), or os-
teoporosis therapy (ATC: M05B) prior to or at the index date. After
applying similar inclusion criteria, patients without a cancer diagnosis
were matched 1:1 to patients with BC based on age, index year, and
physician. The index date for participants without cancer was a ran-
domly selected visit between January 2005 and December 2015. The
present study included 1761 individuals with BC and 1761 individuals
without cancer (Fig. 1).

2.3. Study variables

Variables included age, index year, smoking behavior (current
smokers, ex-smokers, and never smokers), body mass index (BMI), three
comorbidities that can be associated with fracture risk and that were
documented within 12 months prior to the index date (i.e. diabetes
mellitus (ICD-10: E10-14), disorders of bone density and structure
(M82-M85), and visual disturbances (H53, H54)), and prescriptions of
corticosteroids (ATC: H02) documented within 12 months prior to the
index date.

2.4. Study outcome

The main outcome of the study was the incidence of any fracture as
a function of BC within 10 years of the index date.

2.5. Statistical analyses

Differences in the sample characteristics between women with BC
and those without cancer were tested using chi-squared tests for cate-
gorical variables and Wilcoxon tests for continuous variables. We cal-
culated the cumulative incidence of fractures in the BC and no-cancer
groups for up to 10 years after the index date using Kaplan-Meier
curves. Patients were censored at the time of their first fracture diag-
nosis or loss to follow-up, whichever occurred first. Since mortality data
are not available in the Disease Analyzer database, dead participants
were considered as lost to follow-up. We adopted multivariate Cox re-
gression models to study the association between BC and fractures in
the overall sample. In the second step, regression analyses were con-
ducted separately in women with BC with and without tamoxifen
therapy. Women treated with aromatase inhibitor therapy were ex-
cluded from the analysis. A p-value of< 0.05 was considered statisti-
cally significant, and statistical analyses were performed using SAS 9.4.

3. Results

The present study included 3522 women aged between 18 and 50
years with and without breast cancer (Fig. 1). The mean age was 43.3
years (SD=6.1 years); 72.8% were 41–50 years, 22.3% 31–40 years,
and 4.9% 18–30 years old. We observed no significant difference in the
proportions of women who never smoked (50.5% versus 50.3%), but
small differences in current smokers (23.7% versus 27.6%, p=0.038)
and ex-smokers (24.0% versus 20.3%, p=0.035). No statistical dif-
ferences were found in body mass index, diabetes, disorders of bone
density and structure, or visual disturbances (Table 1).

Within 10 years of the index date, 14.2% of women with breast
cancer and 6.4% of those without cancer received a first fracture doc-
umentation (log-rank p-value< 0.001; Fig. 2).

We observed a positive association between breast cancer and
fractures (adjusted hazard ratio (HR)=2.39, p < 0.001) (Table 2).
When separately analyzing women with and without tamoxifen
therapy, 14.7% with and 12.9% without tamoxifen received a fracture
diagnosis (Fig. 3). However, after adjusting for covariables (BMI,
smoking behavior, comorbidities, and corticosteroid therapy), the HR
was 2.58 (p < 0.001) for breast cancer with tamoxifen therapy versus
no cancer and 1.63 (p=0.181) for breast cancer without tamoxifen
therapy versus no cancer (Table 2). The difference in incidence of
fractures between women with and without breast cancer using ta-
moxifen was not significant.

In women with a fracture diagnosis, osteoporotic fractures with no
site information (ICD 10: M80) and forearm fractures (ICD 10: S52)
were found more often in breast cancer than in non-cancer patients
(24% versus 6%, and 23% versus 13%). In contrast, fractures of the
wrist and hand (9% versus 28%), lower legs (9% versus 17%), and foot
and toe (14% versus 19%), were less common in women with breast
cancer compared to those without cancer (Fig. 4).
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4. Discussion

The present large-scale, population-based cohort study confirms the
negative impact of tamoxifen treatment on the incidence of fractures in
premenopausal women with BC. We observed a positive association
between breast cancer and fractures: within 10 years of the index date,
14.2% of women with BC and 6.4% of those without cancer had re-
ceived a first fracture documentation.

The analysis of the patients with or without tamoxifen showed a
higher incidence of fractures (14.7%) in the group with tamoxifen
compared to the group without tamoxifen therapy (13%). After ad-
justing for covariables, the difference remained significant (p < 0.001)
for breast cancer with tamoxifen therapy versus no cancer and was not
significant (p=0.057) for breast cancer without tamoxifen therapy
versus no cancer. This may be due to the different case numbers for the
group with tamoxifen (n=1120) and the group without tamoxifen

Fig. 1. Selection of study patients.
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(n=641).
Assuming that the patients who did not receive tamoxifen and/or

any endocrine treatment (aromatase inhibitor, OFS) received che-
motherapy, we would expect a higher fracture rate in this group than in
the tamoxifen group.

In the documentation of the fractures, a distinction could be made
between osteoporotic fractures and traumatic fractures. However, no
localization was documented for the osteoporotic fractures; only the
osteoporotic fracture itself was documented. The distribution of frac-
ture localities compared between no cancer and breast cancer patients
is interesting. It is striking that the incidence of osteoporotic fractures in
the group with breast cancer is significantly higher (24%) than in the

group without breast cancer (6%). Furthermore, we found a similar
ratio for fractures of the forearm and the distal radius: 23% incidence in
the breast cancer group and 13% in the group without breast cancer.
Thus, distal radius fractures (DRFs) that occur after a fall from body
height should be considered an indicator for the presence of underlying
osteoporosis, for which postmenopausal women and men>65 years
old are at a particular risk [13,14]. Fractures of the distal radius (DRFs)
are commonly one of the first fracture sites to indicate underlying os-
teoporosis. In a trial conducted by Sakuma et al. [13], who investigated
the average age at the time of an osteoporotic fracture, patients suf-
fering a distal radius fracture were shown to be almost 20 years younger
than patients suffering a hip, vertebral or proximal humerus fracture
(average age at the time of DRFs was 60.2 years vs. average age of the
abovementioned fractures= 81.4; 77.7; 75.7 years) [13]. In our study,
the patients were even younger, but due to the breast cancer diagnoses
and the adjuvant therapies with or without tamoxifen, they had a sig-
nificantly higher fracture rate compared to the healthy group.

Prior evidence has clearly shown that cancer treatment-induced
bone loss (CTIBL) results in substantial loss of bone mineral density
(BMD) [15]. This effect was particularly seen in premenopausal women
with BC. As shown in a recent study with premenopausal women, those
who received adjuvant chemotherapy for 6 months (4–6 cycles of

Table 1
Baseline characteristics of women with and without breast cancer after (1:1)
matching.

Variable Breast cancer
(%)

No cancer
(%)

p-value

N 1761 1761
Age at baseline (Mean, SD) 43.3 (6.1) 43.3 (6.1) 1.000
Age 18–30 4.9 4.9 1.000
Age 31–40 22.3 22.3
Age 41–50 72.8 72.8
Smoking behavior
Current smoker 23.7 27.6 0.038
Ex-smoker 24.0 20.3 0.035
Never smoked 50.5 50.3 0.933
Body mass index
≤19.0 3.3 3.9 0.063
> 19.1–24.9 51.6 48.5
> 25.0–29.9 26.1 24.3
≥30.0 19.0 23.4
Diagnosis within 12 months prior to the

index date
Diabetes mellitus (E10-14) 2.2 2.1 0.817
Disorders of bone density and structure

(M82-M85)*
0.3 0.5 0.284

Visual disturbances (H53, H54) 2.1 1.9 0.629
Prescriptions within 12 months prior to

the index date
Systemic corticosteroids (ATC: H02) 2.9 3.9 0.124

⁎ Disorders of bone density and structure include adult osteomalacia, mal-
union of fracture, fibrous dysplasia, skeletal fluorosis, hyperostosis of skull, and
osteitis condensans.

Fig. 2. Cumulative incidence of fractures in women aged 18–50 with breast cancer and non-cancer women.

Table 2
Association between breast cancer and fracture incidence (multivariate Cox
regression models).

Age group Breast cancer vs.
no cancer

Breast cancer with
tamoxifen vs. no
cancer

Breast cancer without
endocrine therapy vs. no
cancer

OR (95% CI)* and
p-values

OR (95% CI)* and p-
values

OR (95% CI)* and p-
values

Total 2.39 (1.70–3.34) 2.67 (1.58–4.53) 1.63 (0.80–3.33)
P <0.001 P < 0.001 p=0.181

Age 18–30 1.06 (0.07–16.86) 0.00 2.08 (0.13–33.22)
0.970 p=0.605

Age 31–40 3.98 (1.16–13.68) 2.66 (1.18–5.98) 2.12 (0.87–5.17)
p=0.028 p=0.018 p=0.098

Age 41–50 2.25 (1.35–3.75) 2.48 (1.64–3.76) 2.02 (1.15–3.56)
p=0.002 P < 0.001 p=0.015

⁎ multivariable Cox regression adjusted for BMI, smoking behavior, co-
morbidities, and corticosteroid therapy.
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chemotherapy) experienced a significant loss of 3.8% BMD in the
lumbar spine [15]. Tamoxifen alone and/or in combination with
ovarian function suppression (OFS) are standards of care for women
with estrogen receptor-positive breast cancer [4].

Tamoxifen as a selective estrogen receptor modulator has been
shown to have bone-protecting effects with regard to BMD in

postmenopausal women [7]; in contrast, in premenopausal BC patients,
a loss of BMD has been reported [10].

Powles at al. pointed out in a sub-study of a trial examining three
years of tamoxifen treatment that premenopausal women receiving
tamoxifen experienced a mean BMD loss at the lumbar spine of 3.26%
versus the baseline, compared with no significant bone loss in the

Fig. 3. Cumulative incidence of fractures in women aged 18–50 with breast cancer with and without tamoxifen therapy, and non-cancer women.

Fig. 4. Fracture sites in women aged 18–50 with and without breast cancer.
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placebo group [16]. This finding is similar to the results of Kyvernitakis
et al. (2018), who observed not only BMD loss but also increased
fracture risk [6].

This loss of bone mineral density may lead to the increased risk of
fractures that was apparent in our study. Our results show that the
incidence of fractures for premenopausal BC patients receiving ta-
moxifen (14.7%) is not significantly higher than in patients receiving
adjuvant chemotherapy (13.0%).”

To the best of our knowledge, this is the first real-world data eva-
luation of the incidence of fractures in premenopausal BC patients re-
ceiving tamoxifen or adjuvant chemotherapy.

The present study is subject to certain limitations. The incidence of
fractures and the classification of osteoporotic fractures or the absence
thereof relied on the documentation of ICD codes by general practitioners.
No data were available regarding menopausal status, which means that
age-matched women may not always have really entered menopause and
vice versa. Information is lacking about chemotherapy and accompanying
endocrine treatment. Therefore, we postulate with a high certainty that
patients with diagnosed BC and without documented tamoxifen treatment
received adjuvant chemotherapy and or endocrine treatment. Furthermore,
no valid information on TNM status was documented in the database. The
amount of substantial bone loss during treatment of BC in premenopausal
women is a relevant unmet medical need that is currently inadequately
addressed. Since CTIBL leads to increased fracture rates, preventive mea-
sures must be considered [10]. In particular, younger breast cancer pa-
tients, who have good long-term chances of survival, will be confronted
later in life with a significantly increased risk of fracture or incidence of
fractures. Furthermore, the adjuvant therapy recommendations tend to
extend therapy with tamoxifen beyond the currently usual 5 years [17].
Persistence with this treatment is high [18]. On one hand, this leads to
better survival rates; on the other hand, however, an increase in side effects
must also be assumed. In tamoxifen therapy, premenopausal breast cancer
patients would then have to expect a further increase in fracture rate.

The follow-up practices after the initial diagnosis of breast cancer
are assumed to be variable in the UK; studies on long-term side effects
are missing, and patients thus miss out on optimal treatment ap-
proaches [19].

An interesting outlook here involves studies with zoledronic acid
treatment (given every 6 months during adjuvant therapy), which could
effectively protect against such substantial loss of bone mass and may
provide long-lasting benefits [20–22].

In conclusion, premenopausal women with BC undergoing therapy
with tamoxifen are at a high risk. In our study, the incidence of fractures in
this group was significantly higher than in the group without tamoxifen
treatment. Further studies and clinical trials concerning the long-time side
effects and possible preventive treatments are still needed.
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