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Abstract
Background  Aromatase inhibitors (AI) are the gold standard treatment option for hormone-sensitive postmenopausal women 
with breast cancer. Several studies had documented the accelerated bone loss associated with AI.
Aims  In this study, we present real-world data describing the efficacy of implementing a comprehensive bone health pro-
gram to maintain bone mineral density (BMD) in postmenopausal patients with early-stage breast cancer treated with AI.
Methods  A comprehensive bone health program that includes counseling, exercise, nutritional advice, vitamin D sup-
plements and, when needed, intravenous bisphosphonate infusion was implemented following the initiation of endocrine 
therapy with AI. Postmenopausal women with hormone-sensitive, early-stage breast cancer treated with endocrine therapy 
using AI were retrospectively identified. All patients had BMD measurements before and at least 1 year after ET initiation.
Results  A total of 210 patients were included, median (range) age 67 (43–86) years. At baseline, osteoporosis was docu-
mented in 38 (18.1%) and osteopenia in 101 (48.1%) patients. Despite the known negative effect of AI, 32 (84.2%) patients 
with baseline osteoporosis and 69 (68.3%) of those with osteopenia, had a stable or better BMD. On the other hand, 41 
(57.7%) of those with normal baseline BMD had a drop in their follow up BMD, p < 0.001. Vertebral fractures were reported 
in 3 (11.1%) patients with osteoporosis compared to none in patients with normal BMD, p = 0.021.
Conclusions  Despite the known negative effect of ET on bone health of breast cancer patients, implementing a comprehensive 
bone health program stabilized or improved BMD.

Keywords  Aromatase inhibitors · Bone health · Bone mineral density · BMD · Breast cancer · Endocrine therapy · 
Osteoporosis

Introduction

Worldwide, breast cancer is the most common cancer among 
females and its incidence increases with age [1, 2]. Given the 
recent advances in early detection, improving access to care 

and the introduction of more effective anti-cancer medica-
tions including endocrine therapy and targeted and immuno-
therapy, more women are surviving their disease [3]. Women 
with early-stage breast cancer represent the largest group 
of cancer survivors. As such, interest is growing to address 
and deal with late complications of cancer and its therapy.

Majority of patients with breast cancer express hormone 
receptors; estrogen (ER) and or progesterone receptors (PR), 
on cancer cells [4]. Consequently, measures that inhibit the 
synthesis of estrogen and block or destroy its receptors are 
widely used strategies for therapeutic intervention. In post-
menopausal women, estrogen is synthesized peripherally, 
especially in adipose tissue and muscles by the enzyme aro-
matase. In such patients, aromatase inhibitors (AI) lead to a 
relatively rapid decline in circulating estrogens. The third-
generation AI (letrozole, anastrozole, and exemestane) had 
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replaced tamoxifen as the preferred treatment for hormone 
receptor–positive disease in postmenopausal women [5–7].

Estrogen deficiency plays a central role in the patho-
genesis of osteopenia and osteoporosis in postmenopausal 
women. Estrogen inhibits bone resorption, so when defi-
cient it may result in increased bone resorption and rapid 
bone loss. Because of AI’s effect on lowering estrogen 
level, several studies had documented accelerated bone loss 
associated with its use [8]. In one study, 197 patients from 
the monotherapy arms of the ATAC (Arimidex, tamoxifen, 
alone or in combination) trial were recruited to a bone health 
substudy. Patients treated with anastrozole had a significant 
decline in median BMD from baseline to 5 years, in both 
total hip (−7.24%) and lumbar spine (−6.08%) compared to 
tamoxifen group (total hip, + 0.74%, lumbar spine, + 2.77%) 
[9].

Though some of the risk factors for osteoporosis are non-
modifiable, like age, gender, genetic predisposition, and eth-
nic origin, several other risk factors can be modified includ-
ing smoking, alcohol consumption, sedentary lifestyle, poor 
dietary habits, and deficient vitamin D level [10].

The use of bone-modifying agents, like bisphosphonates 
and denosumab, had resulted in a significant improvement 
in bone mineral density among women treated with AI [11, 
12]. Two large randomized trials (Z-FAST and ZO-FAST) 
addressed the use of bisphosphonates to prevent AI-induced 
osteopenia and osteoporosis [13–15]. In the ZO-FAST trial, 
a total of 1065 patients treated with adjuvant letrozole were 
randomized to receive zoledronic acid (4 mg intravenously 
every 6 months for 5 years) immediately or delayed until 
the lumbar spine or total hip T-score decreased below 2.0, 
or when a non-traumatic fracture occurred. Following 
12 months of therapy, lumbar spine BMD increased from 
baseline in the immediate treatment arm, but decreased 
significantly from baseline in the delayed treatment arm 
patients [13, 14]. The other trial (Z-FAST) reached simi-
lar conclusions, too [15]. Professional societies, like the 
American Society of Clinical Oncology (ASCO), had issued 
updated guidelines on the prevention and management of 
osteoporosis in survivors of adult cancers with nonmetastatic 
disease [16].

In this study, we present real-world data describing the 
efficacy of implementing a comprehensive program on bone 
health of postmenopausal women treated with AI.

Patients and methods

Study population

Patients were postmenopausal with pathologically con-
firmed, hormone-sensitive, early-stage breast cancer, defined 
as those with no distant metastasis (M0). All patients were 

treated with AI (letrozole or anastrozole) and followed at 
our institution. Information on lifestyle, medical history, 
and anti-cancer treatment were obtained. Because of the 
retrospective nature of the study and the lack of personal 
or clinical details of participants that compromise anonym-
ity, consent was waived and the study was approved by our 
Institutional Review Board (IRB). The study was conducted 
at King Hussein Cancer Center in accordance with the local 
and international guidelines and regulations on human 
research including the 1964 Helsinki declaration and its 
later amendments.

Anti‑cancer treatment

High-risk patients (n = 103, 49.0%), defined as those with 
tumor size more than 2.0 cm, node-positive disease, and 
those with human epidermal growth factor receptor-2 
(HER2)–positive disease were treated with 4–6 cycles of 
anthracycline-based chemotherapy with or without taxanes. 
Patients with HER2-positive disease were also given 1 year 
of concomitant trastuzumab. Following the completion of 
chemotherapy, all patients were treated with endocrine ther-
apy. Patients with low-risk disease (n = 107, 51.0%) were 
treated with upfront endocrine therapy alone, mostly with 
aromatase inhibitors, like letrozole or anastrozole.

Exposure assessment

Detailed information on chemotherapy and endocrine 
therapy regimens were collected. Prior to the initiation 
of AI, all patients had BMD at total hip (TH) and lum-
bar spine (LS) just before starting ET and at least a year 
after. Dual-energy X-ray absorptiometry (DXA) Hologic 
scan (Discovery-SL) was used for BMD assessment, and 
T-score, as per World Health Organization guidelines, was 
used to define bone health status. Osteoporosis was defined 
as T-score of −2.5 or lower, while osteopenia was defined 
as scores of −1.0 to −2.49. Vitamin D deficiency was 
defined as levels < 20.0 ng/mL and insufficiency with level 
of 20.0–29.9 ng/mL. Patients known to have osteoporosis 
and on active therapy for osteopenia or osteoporosis were 
excluded. Additionally, patients who refused to follow the 
designed bone health program were excluded, too.

Bone health program

A comprehensive bone health program was implemented. 
The program includes extensive counselling, calcium 
and vitamin D supplements, increased milk intake, and 
exercise. Patients with baseline lumbar spine or total hip 
T-scores ≤  − 2.0 were given short intravenous bisphospho-
nate infusion every 6 months. Patients with osteoporosis 
were referred to a specially designed osteoporosis clinic.
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Outcome assessment

Osteopenia and osteoporosis diagnoses were confirmed 
at two points: baseline before the initiation of AI and at 
1–2 years of follow-up. Both tests were done using the 
same machines and interpreted by one of the investigators.

Information on covariates such as age, body mass index 
(BMI), smoking history, educational level, annual income, 
bisphosphonate use, and vitamin D supplement use were 
also collected.

Statistical analysis

Descriptive statistics were performed for all variables. 
Continuous variables with normal distribution were pre-
sented as mean (standard deviation [SD]), and non-normal 
variables were described as median (interquartile range 
[IQR]). Categorical variables were expressed as numbers 
(percentages). A significance level of P ≤ 0.05 was used in 
the analysis of two sample t-test. Analyses were conducted 
using Minitab statistical software version 18 (Minitab 18 
Statistical Software (2017), State College, PA.

Results

Between 2013 and 2019, a total of 210 patients fulfilled the 
eligibility criteria and were included in this study. All were 
female, median (range) age 67 (43–86) years. Low BMI, 
defined as < 20 kg/m2, a known risk factor for osteoporosis, 
was encountered in only two patients with osteoporosis and 
in none among patients with osteopenia. Additionally, active 
smoking was observed in 16 (7.6%) patients, Table 1. At 
baseline, and prior to start of AI, osteoporosis was docu-
mented in 38 (18.1%) patients (Group I), while 101 (48.1%) 
others had osteopenia (Group II) and 71 (33.8%) had nor-
mal BMD. The median T-scores prior to AI therapy at the 
hip and lumber spines were −1.0 (range: −3.6, 1.9) and −1.4 
(range: −3.9, 2.6), respectively, while the median vitamin D 
level for 182 patients with known baseline levels was 24.0 
(range: 6.6–75.0) ng/mL, with 46 (25.3%) patients had vita-
min D deficiency and 74 (40.7%) others had vitamin D insuf-
ficiency. None of the patients was on prior active therapy 
or even aware of their vitamin D or BMD levels (Table 2).

Following at least 12 months of endocrine therapy, 32 
(84.2%) patients with prior osteoporosis (Group I) and 69 
(68.3%) of those with prior osteopenia (Group II) had a sta-
ble or higher BMD. On the other hand, 41 (57.7%) of those 
with normal baseline BMD (Group III) had a drop in their 
follow-up BMD (Fig. 1). Thus, following the 12 months of 
ET, the number of patients with osteoporosis dropped to 27 

Table 1   Patients’ characteristics (n = 210)

Clinical characteristics Number Percentage

Age (years)
Median (range): 72 (51–91)
 50–59 23 11.0
 60–69 41 19.5
 70–79 133 63.3
  > 80 13 6.2

Body mass index (BMI) (Kg/m2)
Median (range): 32 (19–55)
  < 25 17 8.1
 25–29.9 57 27.1
  ≥ 30 132 62.9

Smoking history
 Active smoker 16 7.6
 Past smoker 2 1.0
 Never smoked 103 49.0
 Unknown 87 41.4

Education
 High school 45 21.4
 College 17 8.1
 Higher education 1 0.4

Chemotherapy
 Anthracyclines-alone 32 15.2
 Anthracyclines and taxanes 71 33.8
 No chemotherapy 107 51.0

Table 2   Bone mineral density (BMD) and vitamin D at baseline

Markers Number Percentage

Bone mineral density
(BMD)

Normal 71 33.8
Osteoporosis 38 18.1
Osteopenia 101 48.1

Vitamin D Normal 62 34.1
Vitamin-D deficiency 46 25.3
Vitamin-D insuffi-
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(12.9%) and those with osteopenia dropped to 96 (45.7%) 
while those with normal BMD increased to 87 (41.4%) 
(Fig. 2).

Vertebral fractures, presented with back pain and doc-
umented by imaging studies, were reported in 3 (11.1%) 
patients with osteoporosis compared to none in patients with 
normal BMD, P = 0.021. Rib fracture and hip fracture were 
reported in one patient each, and both had normal BMD 
before and after AI therapy.

Discussion

Osteoporosis and osteopenia are commonly encountered 
among postmenopausal women [17, 18]. Osteoporotic ver-
tebral and hip fractures are serious, usually require hospitali-
zation and surgery with 1-year mortality rate that can reach 
25% [19, 20]. Limited mobility with its potential venous 
thromboembolism, chronic pain, disfigurement, and dete-
rioration in pulmonary function may complicate vertebral 
fractures [21]; all may lead to anxiety, depression, and poor 
quality of life.

Endocrine therapy is increasingly used as a solo 
therapy for low-risk early-stage breast cancer, and as an 
additional adjuvant therapy following chemotherapy in 
high-risk patients. As such, aromatase inhibitors are a 
standard ET in all postmenopausal patients [5, 6]. Bone 
pain, arthralgia, and myalgia are commonly encountered 
with AI and may result in treatment discontinuation in up 
to 20% of the patients [22, 23]. However, the well-known 
negative effect on bone health, on already compromised 
postmenopausal patients, is silent and can go unnoticed 
until complications happen. Giving its potential serious 
outcomes, issues related to bone health in breast cancer 
patients treated with AI are incorporated in major inter-
national clinical practice guidelines [24]. Assessment of 
BMD prior to, and following the treatment with AI, is 
routinely practiced and can be a key performance indica-
tor (KPI).

Our results clearly show that the existence of osteope-
nia, or even osteoporosis, should not be a reason to deny 
women with breast cancer the access to such important 
drugs. Intense education on modifiable risk factors, along 
with the use of bone-modifying agents as an active treat-
ment of osteoporosis or prevent progression of osteopenia, 
worked very well in our patients. The fact that patients 
with normal BMD at baseline had significant deterioration 
following AI therapy highlights the importance of such 
interventions that are not strictly followed by the patients, 
and not stressed enough by physicians, either.

Our data highlights the fact that almost two-thirds of 
postmenopausal women are vitamin D deficient or insuf-
ficient. Our findings echo results from a recently published 
meta-analysis in which 67% of patients with breast cancer 
had a baseline level of 25-hydroxy vitamin D below 30 ng/
mL [25].

Given the need for AI in majority of postmenopausal 
breast cancer patients, and based on our findings, we do 
recommend that vitamin D level be checked at initial pres-
entation of all women with breast cancer and vitamin D 
supplements start a lot earlier, during the initial work up 
and long before the initiation of drugs or interventions that 
are known to worsen BMD, like AI.

Our study is not without limitations; the inclusion 
of comparative control group in future studies should 
empower conclusions. Future studies may consider includ-
ing premenopausal women treated with tamoxifen or AI 
plus gonadotropin-releasing hormone agonists (GnRHa); 
both are known to have negative impact on bone health in 
this age group.

In conclusion, postmenopausal women with breast can-
cer are at risk of osteopenia and osteoporosis. Such risk 
increases significantly with the use of AI. However, early 
interventions with modifiable risk factors, vitamin D supple-
ments, and use of bone-modifying agents can lower this risk.

Availability of data and material  Data used in this study can be made 
available upon reasonable request to the corresponding author.

Prior presentation  Data was presented, as a poster, at the annual San 
Antonio Breast Cancer Symposium held virtually 8–11 Dec 2020.
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