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Bone Protective Treatment: Prevention of Cancer
Treatment Associated Bone Loss and Bone Metastases
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Prevention of Bone Loss Associated with Cancer
Treatment

In cancer patients, both chronic local or systemic in-
flammation caused by cancer itself and anti-cancer
treatment, particularly endocrine therapy, can lead
to bone problems. Chronic inflammation affects os-
teoblast and osteoclast activity through inflammatory
mediators, increases bone resorption, and reduces
new bone formation. Androgens and estrogen have a
very important role in maintaining bone mass. Cancer
treatment-associated loss of bone mineral density is an
important problem, particularly in people receiving
endocrine therapy for breast or prostate cancer. This is
due to the fact that endocrine therapies aimed at reduc-
ing androgen and estrogen levels accelerate bone de-
struction. For example, the lumbar spinal bone mineral
density (BMD) decrease rate is 1% per year in the early
stages of menopause; however, this rate increases to 7%
per year when aromatase inhibitor and GnRH analog
are used together. Annual loss of BMD in chemother-
apy-induced ovarian failure has been reported to be
7.7%.[1] In patients undergoing aromatase inhibitor
therapy without bone-sparing treatment, the risk of
fracture may increase up to 20% in the 5% year.[2,3]
The risk of osteoporosis reaches 80% in prostate cancer
patients who have been receiving androgen depriva-
tion therapy (ADT) for ten years or more.[4]

Risk Factors

Risk factors for osteoporotic fractures are: advanced
age (women >65, men >70), early menopause, smok-
ing and alcohol consumption, history of non-traumatic
fracture, hypogonadism, inactivity, steroid use for

more than 3-6 months, low body weight, menopause,
and family history of hip fracture.[5] In addition to
these factors, malnutrition, radiotherapy, sarcopenia
and related inactivity, and fatigue can also increase the
risk of osteoporosis in cancer patients. Standard risk
assessment tools, such as "fracture risk assessment
tool" (FRAX) recommended by the World Health
Organization (WHO), can be used to determine risk.
FRAX is used to estimate the 10-year probability of an
osteoporotic fracture by taking into account the gen-
eral characteristics of patients and risk factors for os-
teoporosis. Patients with a 10-year hip fracture risk of
3% or more, or an overall fracture risk of 20% or more,
are considered to be at high risk and require interven-
tion. The use of anti-estrogen or anti-androgen therapy
and the use of corticosteroids for 3 months or longer
should be considered in risk assessment. Although data
on the use of tools such as FRAX in cancer patients are
limited, they are still clinically useful.

Follow-up and Treatment

Cancer patients with the above-mentioned risk factors
for osteoporosis should be followed up for bone frac-
ture risk and BMD should be evaluated periodically
with dual-energy x-ray absorbtiometry (DXA). DXA is
ideally performed every 2 years; however, it can be per-
formed more frequently, depending on risk factors and
baseline measurement results, but the interval should
not be shorter than one year.[6]

To prevent treatment-related bone loss, it is very
important to exercise and take adequate amounts of
calcium (1200 mg) and vitamin D (800-1000 IU) reg-
ularly, and if the daily consumption is low, additional
calcium and vitamin D support should be provided.
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The exercise program should be designed according to
the patient's condition and capacity and may include
endurance, resistance, and weight-bearing exercises.
Smoking and alcohol consumption should be avoided.
In addition to these, the use of anti-resorptive therapy
is essential in a majority of patients. As per the ESMO
guidelines, treatment with bisphosphonate or deno-
sumab should be initiated in patients receiving en-
docrine treatment for cancer and who have a BMD T
score of less than -2. In patients with a BMD T score
greater than -2, treatment decision should be made ac-
cording to risk factors (age >65, T score <-1.5, smok-
ing, BMI <24, family history of hip fracture, personal
history of fragility fracture above age 50, and oral glu-
cocorticoid use for >6 months). In patients exposed to
2 or more of the aforementioned risk factors, anti-re-
sorptive therapy should be commenced.

Both oral or intravenous bisphosphonates and
denosumab are active treatment options to increase
BMD. In prospective randomized trials carried out in
cancer patients, these drugs have been shown to prevent
bone loss, thus reducing fracture risk. The doses used
in these studies are generally similar to the dose in the
treatment of senile osteoporosis. In a study comparing
the efficacy of 35 mg risedronate administered once in
a week versus placebo in patients with breast cancer, it
was shown that risedronate prevented bone loss and re-
duced bone turnover.[7] In the SABER study, the use of
risedronate together with calcium and vitamin D sup-
plements in patients using aromatase inhibitors pro-
vided a significant increase in hip and vertebral BMD.
[8] Similarly, 150 mg ibandronate administered once
a month in breast cancer patients using aromatase in-
hibitor was revealed to improve BMD and reduction of
bone loss as compared to placebo.[9] In the ABCSG-12
study, it was shown that 4 mg of zoledronate adminis-
tered every 6 months prevented bone loss in women
with premenopausal breast cancer who use OFS with
tamoxifen or aromatase inhibitor.[10] Z_FAST, ZO-
FAST, and E-ZO-FAST studies compared the concur-
rent use of zoledronate with an aromatase inhibitor in
post-menopausal women (early use), and the addition
of zoledronate to the treatment when BMD falls below
-2 (delayed use). In all the 3 studies, early use of zole-
dronate was found to prevent bone loss.[11-13] It was
observed that rapid bone loss in early menopause was
prevented with zoledronate treatment, and an increase
in BMD was achieved with early zoledronate treatment
in patients within long-term menopause.[11] These
studies were not designed to investigate whether there
is a difference in fracture risk between study arms;
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however, the increase in BMD with early treatment
suggests that fracture risk may also be reduced.

In the ABCSG-18 study, it was shown that in post-
menopausal breast cancer patients undergoing aro-
matase inhibitor therapy, the use of denosumab (60 mg
every 6 months) with adequate calcium and vitamin D
supplements reduced the risk of fracture by 50%. This
effect was found to be independent of age and baseline
BMD.[14] Prior to the initiation of aromatase inhibitor
therapy, BMD and other osteoporosis risk factors
should be evaluated, and calcium, phosphorus, creati-
nine, and vitamin D levels should be assessed.

In 1468 patients with hormone sensitive prostate
cancer who did not have metastasis and received
ADT, the use of denosumab at a dose of 60 mg every
6 months resulted in an improvement in BMD and a
62% reduction in the risk of vertebral fracture after 3
years (1.5% in the denosumab arm versus 3.9% in the
placebo arm).[15]

In conclusion, in patients at high risk for osteo-
porosis, use of oral treatment options such as alen-
dronate, risedronate, and ibandronate, or parenteral
treatment with denosumab 60 mg every 6 months and
zoledronate 4 mg every 6 months was proved to inhibit
bone loss and osteoporosis in cancer patients, and their
use is recommended in current guidelines. Adherence
to treatment is important in these patients, since a sig-
nificant proportion of patients can discontinue oral or
parenteral treatments at the end of 1 year. Osteonecro-
sis of the jaw in osteoporosis treatment doses is ex-
tremely rare. Nevertheless, dental examination should
be done before treatment, and attention should be paid
to oral hygiene and invasive dental procedures should
be avoided during treatment.[6]

Prevention of Bone Metastases

It has been known for many years that the microenvi-
ronment is as important as the tumor cell itself in tumor
pathogenesis and metastasis. According to the "seed
and soil" hypothesis, put forward by Stephen Paget in
1889, metastatic tumor cells prefer to metastasize to
regions/organs where the local microenvironment is
suitable for tumor growth. As per this theory, metas-
tasis can be prevented by modifying the microenviron-
ment where tumor cells might settle. Bisphosphonates
act by inhibiting osteoclast activity, thereby inhibiting
the secretion of certain mediators such as TGF-beta,
which are secreted by osteoclasts and increase the pro-
liferation of tumor cells. There are studies showing that
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bisphosphonates prevent bone metastases in animal
models.[16] Bone is the most common site of systemic
metastasis in patients with breast and prostate cancer.
Studies showing that anti-resorptive drugs can prevent
the development of metastasis and prolong survival,
especially in patients with breast and prostate cancer,
date back 20 years. Most of these studies have shown
the benefit of anti-resorptive drugs in patients with
low estrogen levels, namely post-menopausal patients
or premenopausal patients who use ovarian function
suppression (OFS).

In the NSABP-B34 study, the efficacy of adju-
vant clodronate use for 3 years among 3323 women
with stage I-III breast cancer was investigated. After
a median follow-up period of 91 months, there was
no difference in disease-free survival (DFS), overall
survival (OS), and bone metastasis-free survival. In
the subgroup analysis, recurrence-free survival (RFS)
and bone metastasis-free survival were in favor of
clodronate in women over 50 years of age. A trend in
favor of OS with clodronate was observed (HR 0.80,
95% CI 0.61-1.04; p=0.094).[17] In other clodronate
studies, clinical benefit was observed mostly in post-
menopausal women.[18] In the Austrian Breast and
Colorectal Cancer Study Group (ABCSG) study, the
addition of zoledronate to ovarian suppression therapy
every 6 months for 3 years in premenopausal patients
with early breast cancer showed DFS benefit (88.4%
vs. 85%, HR 0.77; 95% CI 0.60-0.99; p=0.042), and OS
benefit (96.7% vs. 94.5%, HR 0.66; 95% CI 0.43-1.02;
Cox p=0.064), reducing the risk of both local recur-
rence, distant metastasis, and bone metastasis.[10] In
the AZURE study in which the efficacy of zoledronate
was investigated in adjuvant therapy, although the DFS
and OS benefit was not observed in the whole group,
the use of adjuvant zoledronate in the subgroup of pa-
tients with menopause for at least 5 years (n=1041)
showed the invasive DFS benefit (HR 0.77, 95% CI
0.63-0.96). Although OS benefit did not reach statis-
tical significance, a positive trend was observed (HR
0.81 (95% CI 0.63-1.04).[19] These findings were also
confirmed in the Early Breast Cancer Trialists' Collab-
orative Group (EBCTCG) meta-analysis, where data of
18766 patients were analyzed. The study showed that
adjuvant bisphosphonate (zoledronate, clodronate,
or oral ibandronate) use in patients with natural or
GnRH analog-induced menopause reduced the risk
of recurrence (RR 0.86, 95% CI 0.78-0.94, 2p=0.02),
risk of bone recurrence (RR0.72, 95% CI 0.60-0.86,
2p=0.0002) and the risk of death from breast cancer
(RR0.82, 95% CI 0.73-0.93, 2p=0.002). It has been
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shown that the benefits of bisphosphonates are inde-
pendent of the sub-type of breast cancer, the type of
bisphosphonate used, or the application scheme (for
zoledronate).[20] The SWOG S0307 study comparing
zoledronate (4 mg every 6 months), ibandronate (50
mg/day), and clodronate (1600 mg/day) as adjuvant
therapy for 3 years in patients with stage I-III breast
cancer is the only major phase III study in which the
efficacy of various bisphosphonates was compared.
In this study, it was shown that the efficacy of all 3
treatments on DFS, OS, and fracture risk was similar.
Again, in this study, the frequency of grade 3-4 adverse
events was shown to be similar for all the three drugs.
[21] Current ESMO and American guidelines recom-
mend the use of zoledronic acid, oral clodronate, or
oral ibandronate in the adjuvant treatment of early
breast cancer in moderate-to-high risk patients sched-
uled for adjuvant systemic therapy. Although there is
no standard definition of moderate-high risk, patients
with an indication for adjuvant systemic treatment or
patients with a 10-year mortality risk of over 12% due
to breast cancer are also considered to be in the ap-
propriate risk profile for bisphosphonate therapy. It is
recommended to start bisphosphonate treatment with
(neo)adjuvant chemotherapy and continue for 3-5
years for zoledronate, 2-3 years for clodronate, and 3
years for ibandronate.[6] There is no randomized con-
trolled study on the efficacy of alendronate and rise-
dronate, which are commonly used in osteoporosis
treatment, as adjuvant therapy to prevent the develop-
ment of metastasis in breast cancer.

Calcium and vitamin D replacement with bisphos-
phonate therapy is routinely recommended. It should
be confirmed that patients who are scheduled for ad-
juvant bisphosphonate therapy are patients who meet
the definition of menopause, and that FSH, LH, and
estradiol levels are consistent with menopause in pa-
tients under 60 years of age. Adjuvant bisphosphonate
should be recommended in premenopausal patients
only in the moderate-high risk group using a GnRH
analog. Bisphosphonate is not recommended for ad-
juvant therapy in premenopausal patients who do
not use a GnRH analog. Normally, patients who have
chemotherapy induced amenorrhea should not be ac-
cepted as menopausal.[6] Before the use of adjuvant
bisphosphonates, patients should be assessed and
treated appropriately for dental problems, and pa-
tients should be informed about osteonecrosis of the
jaw. Patients with symptoms suggesting osteonecrosis
of the jaw should be referred to an experienced spe-
cialist for treatment.
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There is insufficient data to show that denosumab
prevents recurrence in breast cancer. In the ABCSG 18
study, it was shown that denosumab reduced the risk of
fracture in patients with post-menopausal early breast
cancer compared to placebo, and there was a 3% differ-
ence in DFS in favor of denosumab at 8-year follow-up.
However, since the reason for this difference is mostly
non-breast second primary cancers and deaths not re-
lated to breast cancer, its direct effect on breast cancer
is controversial.[14] In the D-CARE study, which is a
more recent and larger study, the effectiveness of the
use of adjuvant denosumab for 5 years in patients with
stage II-III breast cancer was investigated. In this study,
it was shown that denosumab did not prevent devel-
opment of bone metastases in the entire group or the
post-menopausal patient subgroup, and did not im-
prove DFS and OS.[22] These findings suggest that the
effects of denosumab and bisphosphonates on metas-
tasis biology may be different. Therefore, denosumab
is not recommended to be used as adjuvant therapy to
prevent the development of metastasis.

There are no studies showing that bisphosphonates
have a positive effect on preventing disease recurrence
or improving DFS/OS in solid tumors other than breast
cancer, and their use for this purpose is not recom-
mended. Although denosumab prolongs the time to
bone metastases in patients with prostate cancer, its
contribution to survival has not been confirmed and
its use is not recommended for this purpose due to 5%
risk of osteonecrosis of the jaw.[23]
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