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Bone loss is an important complication of prostate cancer and its associated
treatments, especially androgen-deprivation therapy (ADT). There is a 5 to 10 times
increased loss of bone mineral density (BMD) in men receiving ADT with yearly 4 to
13% BMD loss. The risk of fracture increases yearly by 5 to 8% with ADT. ADT associated
bone loss of 10 to 15% of BMD doubles the risk of fractures. Hence, BMD evaluation
through dual-energy X-ray absorptiometry and evaluation of individual fracture risk
assessed before initiating ADT. The use of vitamin D, calcium, bisphosphonates, and
denosumab has shown improved bone health in men with prostate cancer receiving
ADT. Denosumab 60 mg is approved to increase bone mass in men at high risk for
fractures receiving ADT for nonmetastatic prostate cancer. Denosumab has shown
improvement of 5.6% BMD at 2 years in nonmetastatic prostate cancer patients, with
significant improvements seen at the total hip, femoral neck, and distal third of the
radius. Denosumab has shown a 62% decreased incidence of new vertebral fractures at
36 months. Furthermore, denosumab delays the onset of bone metastases in high-risk
nonmetastatic prostate cancer patients. Denosumab can be preferred over other bone
modifying agents owing to several advantages, such as subcutaneous administration
and no requirement of hospitalization, no dose modifications in renal impairment and
less incidence of acute phase anaphylactic reactions. We review the available evidence
of denosumab for managing bone loss in nonmetastatic prostate cancer patients.
The relevant articles used in this narrative review were obtained through general
search on google and PubMed using the key terms “non-metastatic prostate cancer,”
“denosumab,” “bone loss,” “bone mineral density,” “fracture,” “CTIBL,” and “chemotherapy induced bone loss.”

Key Clinical Takeaways
• Dual-energy X-ray absorptiometry evaluation for bone
mineral density (BMD) and evaluation of individual fracture risk should be performed prior to starting
androgen-deprivation therapy (ADT).
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10.1055/s-0041-1732851
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• Denosumab (60 mg at every 6 months given subcutaneously) is recommended to increase bone mass in men who
are at a high risk of fracture from receiving ADT for nonmetastatic prostate cancer.
• Denosumab can be preferred over bisphosphonates, as it
does not require renal monitoring and dose modification
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in renally impaired patients with a better safety profile.
It can be easily administered (subcutaneous) by patients
themselves.
Cost of biosimilar denosumab is much lower than the
innovator denosumab which might benefit a larger proportion of prostate cancer patients.
Denosumab is not recommended in patients with
hypocalcemia.
A regular monitoring of calcium and minerals (magnesium and phosphorus) within 14 days is required in
patients receiving denosumab due to risk of worsening of
hypocalcemia.
Serial dental examination with appropriate preventive
dentistry is recommended due to the risk of osteonecrosis
of the jaw.
In view of the increased risk of fractures after denosumab
stoppage, a rapid transition to alternative antiresorptive
treatment should be considered.

Introduction
According to the GLOBOCAN 2018 data, prostate cancer
(1,276,106 new cases; 7.1% of all cancer cases) is the second commonest cancer in men globally and has the seventh
highest cancer-related mortality (358,989 deaths, 3.8% of all
cases).1 The management of prostate cancer has been traditionally with androgen-deprivation therapy (ADT, including
bilateral orchiectomy or medical castration) using gonadotropin-releasing hormone (GnRH) agents.2 Approximately
half of the prostate cancer patients receive ADT at some point
after diagnosis.3,4 Cancer therapy leads to osteopenia and
osteoporosis which are termed as cancer treatment–induced
bone loss (CTIBL). We review the impact of CTIBL in nonmetastatic prostate cancer patients and the role of denosumab in
improving bone mass in such patients.

Bone Loss in Prostate Cancer
Majority of the prostate cancer patients (>70%) are elderly
(≥65 years) who are already associated with a high risk for
osteoporosis.5 Furthermore, cancer therapy also leads to
osteopenia and osteoporosis which are termed as CTIBL.6,7 In
prostate cancer patients, testosterone deficiency is seen secondary to androgen deprivation from ADT including GnRH
agents or surgical castration.7,8 ADT is known to induce bone
loss, thereby increasing the risk of osteoporosis and bone fractures, ultimately affecting the quality of life (QOL) of patients.6

Pathophysiology

The binding of ligand receptor activator of nuclear factor-κB
(RANK) to its ligand RANKL triggers a signal transduction
pathway which subsequently stimulates osteoclast functioning, whereas osteoprotegerin binds to RANKL preventing
bone resorption.9-11 The binding of RANK to RANKL causes
osteoclast differentiation in the presence of colony stimulating factor 1 (CSF1), and bone resorbing activity in mature
osteoclasts. Osteoprotegerin after binding to RANKL inhibits
osteoclastogenesis and osteoclast activation (►Fig. 1).12
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Fig. 1 Regulation of osteoclast formation. Adapted from: Jones et al.12
CSF1, colony stimulating factor 1; RANK, receptor activator of
nuclear factor-κB; RANKL, RANK ligand; OPG, osteoprotegerin; TGF,
transforming growth factor.

Cancer Treatment–Induced Bone Loss

Decrease in estrogen and testosterone occurring with
hypogonadism leads to faster bone loss, and in the absence
of increased bone formation, it may lead to osteopenia
and eventually osteoporosis.8 In men with prostate cancer receiving ADT, the decreased circulating testosterone
and estrogen, decreased osteoblastic bone formation, and
increased osteoclastic bone resorption result in accelerated
bone loss.13,14 There could be a decrease in muscle mass due
to ADT-induced hypogonadism, which may decrease the
mechanical stretch and pressure leading to loss in the bone
mineral density (BMD).15 Glucocorticoids including dexamethasone, which are generally given along with some chemotherapeutic agents for the treatment of prostate cancer,
are also known to increase the risk of secondary osteoporosis
and fractures.16,17

Androgen-Deprivation Therapy and Bone Loss
The ADT-induced treatment causes decrease in testosterone
and estrogen, resulting in an accelerated and disorganized
bone turnover.18,19 ADT is associated with significant bone
loss and increased risk of fractures.19,20 There is a 5- to 10-time
increased BMD loss with ADT usage.21 The decrease in BMD
is maximum in the first year of ADT therapy (up to 4%), and
continuation of use is associated with ongoing loss in subsequent years along with the increased risk of fractures.21-25

Duration of Androgen-Deprivation Therapy and Bone Loss:
Decrease in Bone Mineral Density and Risk of Fracture
The duration of ADT affects the decrease in BMD, prevalence
of osteoporosis, and risk of fractures.26,27 A significant BMD
loss at 6 to 12 months is seen in patients receiving continuous ADT (4–13% per year); up to 10% bone loss is seen following 2 years of ADT.5,28 In the first year during ADT, the loss of
bone mass is most pronounced, which subsequently continues at a slower pace beyond the second year.11,21 Morote and
colleagues reported a similar decrease in BMD from baseline throughout the ADT treatment with most pronounced
decrease in the initial years followed by a slower decrease
throughout. Osteoporosis rates increased from 35.4 to 42.9%
after 2 years of ADT, which eventually increased to 80.6%
after ≥10 years.29
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The risk of fractures also increases at an average 5 to 8%
per year with ADT.28,30 The prevalence of osteoporosis in prostate cancer patients during ADT is 9 to 53%.31 In a study of
11,661 patients with nonmetastatic prostate cancer, Smith
et al showed a significantly higher fracture rate in men
undergoing ADT (7.88 vs. 6.51%-year of controls, p < 0.001).32
Shahinian et al reviewed records of 50,613 men from the
Surveillance Epidemiology and End Results and Medicare
database reporting a significantly higher proportion of
patients who had fractures who received ADT versus who did
not (19.4 vs. 12.6%, p < 0.001); patients receiving ADT experienced a 54% increase in relative incidence of fractures.20
The unadjusted fracture-free survival was the highest in
patients who did not receive ADT, whereas it was lowest in
patients who underwent orchiectomy followed by ADT with
≥9 doses of GnRH agonists in the year after diagnosis.20

Treatment of Bone Loss in Prostate Cancer
The European Association of Urology (EAU), International
Society of Geriatric Oncology (SIOG), and European Society
for Radiotherapy and Oncology (ESTRO) jointly published
guidelines for prostate cancer in 2016 recommending
dual-energy X-ray absorptiometry (DEXA) assessment for
evaluation of BMD in all men starting long-term ADT and
assessing the individual risk for fractures.33 The repeat measurement of BMD after the first year of ADT is recommended
by the International Society for Clinical Densitometry.
Lifestyle modification and pharmacologic interventions are
potential strategies for the management of bone loss in men
with prostate cancer receiving ADT.5

Pharmacologic Interventions

Vitamin D alone or in combination with calcium has been
shown to be beneficial with respect to increase in BMD and
fall and fracture prevention.34,35 Studies have reported the
effectiveness of bisphosphonates in men with nonmetastatic
prostate cancer receiving ADT.5 The advent of denosumab as
an osteoprotective agent has significantly improved therapeutic options in prostate cancer.36 Zoledronic acid, denosumab, alendronate, and risedronate are the recommended
first-line agents for the pharmacologic interventions in men
receiving ADT.5 Zoledronic acid is one of the most commonly
used bone modifying agent. However, treatment with intravenous (IV) zoledronic acid requires hospital visits once
every few months (range: 3–12 months) which puts the
patients on burden for travel, waiting, set up, and monitoring time, and a 15-minute infusion time.37,38 Need for intravenous access and administration, regular requirement of
renal function monitoring with necessary dose adjustments,
and treatment of renal damage caused in patients during the
therapy are some other challenges with zoledronic acid treatment.37,38 Denosumab treatment does not have these limitations, given subcutaneously. It does not require renal function
monitoring/dose modifications or hospitalization for drug
administration.39 Denosumab subcutaneous injections (once
in every 6 months) can be administered by the patients
themselves, though some patients prefer injections through
Indian Journal of Medical and Paediatric Oncology
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health care professionals. In addition to its efficacy and
safety advantages, subcutaneous denosumab demonstrates
a higher patient adherence than oral or intravenous bisphosphonates.40 Oral bisphosphonates require that patients
should not lie down; hence, denosumab can be a good option
in patients who are unable to sit or stand.41 Denosumab, in
addition to improving the BMD, also reduces the incidence
of new radiographic vertebral fractures, whereas bisphosphonates increase the BMD but a meta-analysis concluded
that evidence was not sufficiently powered to detect fracture
reduction.42

Denosumab Prevents Bone Loss: Mechanism of Action

Denosumab binds to RANKL with a high specificity and affinity which inhibits the recruitment and maturation of osteoclast and thus diminishes its action leading to a slowed bone
resorption.43

Denosumab for Prevention of Bone Loss in Prostate
Cancer: What Guidelines Say?

According to National Comprehensive Cancer Network
(NCCN), the treatment options to increase bone density in
men without metastases or to increase BMD during ADT
for prostate cancer includes denosumab, zoledronic acid,
or alendronate. The U.S. Food and Drug Administration has
approved (2011) denosumab as a treatment to increase bone
mass in nonmetastatic prostate cancer patients with high
risk of fracture from receiving ADT.11

Guideline Recommendations

• Fracture risk assessment using free online World Health
Organization Fracture Risk Assessment Tool (FRAX).44
• The National Osteoporosis Foundation (NOF) guidelines
recommend BMD testing in men aged ≥70 years or vertebral imaging in men aged 70 to 79 years if BMD T-score at
the spine, total hip, or femoral neck is ≤ −1.5.45
• The NCCN recommends treatment with denosumab
(60 mg, once in every 6 months), zoledronic acid (5 mg
IV once in every 12 months), or alendronate (70 mg PO
weekly) when absolute fracture risk warrants drug
therapy.44
• Pretreatment and a follow-up DEXA scan post 1 year of
therapy.44
• Use of biochemical markers of bone turnover is not
recommended.44
• The NOF recommends evaluation of laboratory parameters including renal function, magnesium, calcium, vitamin D, phosphorus, and testosterone levels to differentiate
the risk of osteopenia or osteoporosis.45
• No existing guidelines on the optimal frequency of vitamin D testing, but vitamin D levels can be measured when
DEXA scans are obtained.44
As per the Institute of Medicine (IOM), recommended dietary allowances for vitamin D and calcium are
600 IU and 1,000 mg for men aged 51 to 70 years, and 800 IU
and 1,200 mg for >70 years, respectively.46
We review the available evidence of denosumab for managing bone loss in nonmetastatic prostate cancer patients.
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Denosumab for Treatment of Bone Loss in
Nonmetastatic Prostate Cancer
Hormone Ablation bone Loss Trial
The effects of denosumab on BMD and fractures in men
receiving ADT for nonmetastatic prostate cancer were evaluated in a large (n = 1,468), multinational, phase-III Hormone
Ablation bone Loss Trial (HALT) by Smith and colleagues.47 In
this double-blind, placebo-controlled study, patients aged
≥70 years (<70 years with T score < −1.0 or history of osteoporotic fractures) with histologically confirmed prostate
cancer were randomized to denosumab (n = 974, 60 mg subcutaneously, once in every 6 months) or placebo (n = 974)
with daily calcium (≥1 g) and vitamin D (≥400 IU) supplementation. The percentage change in lumbar spine BMD at
24 months was the primary endpoint.

Denosumab and Increase in Bone Mineral Density in
Nonmetastatic Prostate Cancer
Denosumab significantly improved BMD at the lumbar
spine from baseline after 24 and 36 months versus placebo
(increase in BMD at 24 months: 5.6% for denosumab vs. −1%
for placebo; p < 0.001; absolute difference 6.7%) in the HALT
study.
The significant (p < 0.001 at all the time points) differences in BMD between the two groups were seen as early as
1 month and sustained through 36 months.47 Furthermore,
denosumab resulted in significant increases in BMD at the
total hip, femoral neck, and distal third of the radius during
the 36 months.48

Denosumab and Decrease in Fractures in Nonmetastatic
Prostate Cancer
There was a 62% decreased incidence of new vertebral fractures at 36 months with denosumab (relative risk [RR]: 0.38;
95% confidence interval [CI]: 0.19 to 0.78; p = 0.006).47
Also, there was a lower incidence of fractures at any site
with denosumab as compared with placebo at 36 months
(5.2 vs. 7.2%; p = 0.10). With denosumab, a significantly lesser
number of patients developed ≥1 fracture at any site versus
placebo (0.7% vs. 2.5%; p = 006); time to first clinical fracture
was not significantly different between the groups.47

Denosumab and Decrease in Bone Biomarkers in
Nonmetastatic Prostate Cancer
Denosumab treatment decreased the levels of bone biomarkers, relative to baseline, to a significantly (p < 0.001)
greater extent than placebo (serum C-telopeptide [a biomarker of bone resorption]: 45% versus 13%; procollagen
type I N-terminal peptide [a biomarker of bone formation]:
61% vs. 18%; and tartrate-resistant acid phosphatase 5b:
33% vs. 8%).47

Denosumab versus Other Bone Modifying Agents in
Nonmetastatic Prostate Cancer
Reducing the risk of fractures: A systematic review and network meta-analysis by Poon et al demonstrated that bisphosphonates, denosumab, toremifene, and raloxifene effectively
reduced the rate of bone loss when compared with placebo.
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Denosumab and zoledronic acid improved BMD across all
sites (total hip and femoral neck: ~3% and lumbar spine: ~6%).
The surface under the cumulative ranking curve (SUCRA)
determined the treatment with the highest probability of
being the most effective in improving BMD and showed that
zoledronic acid ranked among the top two treatments at all
sites, whereas denosumab was ranked among the top two at
the lumbar spine and total hip sites.37
Prevention of bone metastases: A systematic review and
meta-analysis of six randomized controlled trials (RCTs)
by Hayes et al evaluated the effects of zoledronic acid (five
studies) and denosumab (one study) on prevention of bone
metastasis in men (n = 5,947) with high-risk, nonmetastatic
prostate cancer. The pooled analysis did not demonstrate
any difference in the incidence of bone metastases between
zoledronic acid/denosumab treatments versus placebo (RR:
1.09, 95% CI: 0.84–1.41, p = 0.51). Only the denosumab study
was the positive trial among the included studies (RR: 0.83,
95% CI: 0.73–0.95, p = 0.007), and this analysis concluded that
denosumab delays the onset of bone metastases in high-risk
nonmetastatic prostate cancer patients, while there is a limited evidence for zoledronic acid.49

Denosumab versus Alendronate: Increase in Bone
Mineral Density and Bone Turnover Markers
Denosumab (60 mg subcutaneous [SC], once in every
6 months) significantly increased the BMD and bone turnover markers with a lower rate of new vertebral fractures as
compared with alendronate (weekly 70 mg) in 234 patients
(aged ≥55 years, a T score of < −1.0 and ≥1 fragility fracture)
with osteoporosis in a randomized controlled trial by Doria
and colleagues.39 Denosumab treatment resulted in a significantly improved BMD at lumbar spine at 2 years when compared with alendronate (5.6 vs. −1.1%; absolute difference:
6.7%; p < 0.001). A significant difference between the groups
was reported for trabecular BMD.39 Improvement in back pain
from baseline versus all the time points as noted by visual
analog scale (VAS) score was significant for both the groups
(►Fig. 2).39 The study also showed significant improvements
in health-related QOL for both treatment groups.39

Safety—Denosumab versus Other Agents
Denosumab is contraindicated in patients with hypercalcemia. Hypocalcemia, osteonecrosis of the jaw (ONJ), clinically
significant hypersensitivity reactions, atypical fractures, serious infections, dermatologic reactions, musculoskeletal pain,
and bone turnover suppression are the adverse events [AEs]
of clinical interest with denosumab.50,51 Arthralgia, back pain,
pain in extremity, and musculoskeletal pain are the most
common AEs reported with denosumab in patients with
bone loss receiving ADT for prostate cancer.52 Skeletal-related
events are cause of significant morbidity in prostate cancer
patients.53
In the phase-III HALT study in nonmetastatic prostate
cancer patients (n = 1,468), the rates of AEs were similar for
denosumab versus placebo; no cases of ONJ were reported.
The most common AEs reported by ≥10% of patients receiving
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The effects of denosumab on bone resorption stops after
the discontinuation, as it is not incorporated in the bone,
unlike bisphosphonates.58 Following discontinuation of
denosumab, an increase in the fracture risk, including the
risk of multiple vertebral fractures, is reported. A reversal
of bone turnover to pretreatment values within 24 months,
BMD within 18 months and new fractures within 7 months
are reported after denosumab stoppage. Hence, denosumab
treatment should not be stopped until a rapid transition to
alternative (antiresorptive) treatment is made.58,59

Cost Effectiveness of Bisphosphonates versus
Denosumab

Fig. 2 Improvement in back pain from baseline to all time points in
denosumab and alendronate groups.39 VAS, visual analog scale.

denosumab were arthralgia, pain in extremity, back pain,
fatigue, constipation, cough, and insomnia.47 In the study,
comparing denosumab versus alendronate in the treatment
of osteoporosis secondary to hypogonadism in prostate cancer, denosumab treatment was associated with a higher incidence of hypocalcemia (9.7 vs. 0%), abdominal discomfort
(9.7 vs. 3.2%) and decreased appetite (9.7 vs. 3.2%), whereas
alendronate had higher incidence for eczema (6.4 vs. 3.2%),
urticaria (12.9 vs. 3.2%), rash (9.7 vs. 6.4%), and headache
(12.9 vs. 3.2%); nausea was similar (3.2% in each group).39
Bisphosphonate-associated ONJ is a serious complication with high dose or longer term use of zoledronic acid.7
Similarly, ONJ is reported with denosumab use also (overall incidence in cancer patients: 1.7% [95% CI: 0.9–3.1%]).
A meta-analysis of 8,963 cancer patients reported a significantly increased risk of ONJ with denosumab treatment
when compared with bisphosphonates/placebo (relative risk:
1.61, 95% CI: 1.05–2.48, p = 0.029).54 A dental examination
with appropriate preventive dentistry is recommended prior
to denosumab treatment in high-risk patients.52
Hypocalcemia is reported frequently in prostate cancer
patients receiving bisphosphonates or denosumab due to the
reduced osteoclast activity, causing a decline in the release
of calcium from bone.55 Hypocalcemia can be worsened in
patients with renal impairment or undergoing dialysis with
denosumab administration. A regular monitoring of calcium
and minerals (magnesium and phosphorus) within 14 days is
required in patients receiving denosumab.52
Prostate cancer occurs majorly in elderly patients
and renal impairment is very common in these
patients.39 Zoledronic acid is known to cause renal impairment in prostate cancer patients and an elevated serum
creatinine level is seen within 15 minutes of administration.56 Zoledronic acid clearance occurs through kidneys
and dose modifications are required in patients with renal
dysfunction.57 Denosumab does not alter renal functioning;
hence, there is no requirement of renal monitoring or dose
modifications in these patients.39
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Denosumab was found a cost-effective treatment option versus zoledronic acid in a study in the Czech Republic in prostate
cancer patients. The incremental cost per quality-adjusted
life-years (QALY) gained for denosumab versus zoledronic
acid was 382,673 CZK.60 Stopeck and colleagues concluded
cost effectiveness with denosumab from both payer and
societal perspectives in preventing bone complications in
patients with solid tumors.61 However, cost-effectiveness
data on denosumab use in nonmetastatic prostate cancer is
not available to our knowledge.
Several biosimilar denosumab formulations are being
developed to provide a cost-effective alternative to Prolia
(innovator denosumab manufactured by Amgen, United
States), of which “Esentra (Intas Pharmaceuticals Limited,
Ahmedabad, India),” is the only biosimilar denosumab
available to Indian patients. The biosimilar denosumab is
approved for the treatment to increase bone mass in men
with osteoporosis at high risk of fracture and to increase
bone mass in men at high risk for fracture receiving ADT for
nonmetastatic prostate cancer.

Conclusion
The decrease in BMD and increased risk of fractures is of
significant concern in patients with prostate cancer who
are mostly elderly and are already at a risk of developing
osteoporosis. The ADT commonly used for the treatment
of prostate cancer that further increases the risk of bone
loss in these patients. Bisphosphonates and denosumab are
the established agents in the management of the bone loss
and fractures in patients with prostate cancer. Denosumab
60 mg SC in every 6 months is approved for the treatment to
increase bone mass in men at high risk for fractures receiving
ADT for nonmetastatic prostate cancer. Denosumab prevents
bone loss, maintains BMD, delays the onset of bone metastasis, and has a good safety profile. Biosimilar denosumab can
be a preferred treatment option for the treatment of bone
loss in nonmetastatic prostate cancer.
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