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Abstract

Recently, there have been considerable advancements in cancer therapies thereby prolonging the
life of cancer survivors. However, these recent advancements present new challenges in the
management of bone disease in cancer survivors. Bone acts as a fertile soil for cancer seeding and
bone health is often compromised because of increased inflammatory cytokines in cancer, direct
cancer metastasis and toxic effects of anti-cancer therapies. This effect is more pronounced in
elderly population who already have compromised bone mineral density leading to increased
skeletal related events and bone pain. Timely diagnosis and effective interventions are essential for
reducing bone-related morbidity in cancer survivors. Also, a complex interdependence exists
between cancer related bone disease and tumor growth, creating a vicious circle of extensive bone
destruction and cancer progression. Hence, maintenance of bone health and integrity plays a
pivotal role in comprehensive cancer care. The bone-targeted treatments have been shown to
preserve bone health, and modify the course of the underlying cancer. Management of long-term
bone health requires a broad knowledge base that both endocrinologists, oncologists and other care
team members should be aware of. The manuscript highlights the skeletal effects of cancer,
adjuvant therapies used for hormone-responsive cancers, chemotherapy induced bone loss and
steps for accurate diagnosis and management of bone disease in cancer survivors by bridging the
gaps in the comprehensive cancer care.
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1. Introduction

Cancer is a major risk factor for both generalized and local bone loss, with bone loss in
cancer patients substantially greater than in the general population. The negative effects of
cancer on bone health remains largely unrecognized, thus causing inadequate institution of
preventive measures and causing delay in providing appropriate treatment. In cancer
patients, there are several factors that may contribute to bone loss. These include
hypogonadism (from chemotherapy, surgery, irradiation or gonadal infiltration by the
tumor), pathologic fractures from metastatic invasion, immobilization, medications affecting
bone metabolism such as glucocorticoids, chemotherapy drugs and opiates, increase in
inflammatory markers and paraneoplastic hormonal secretion that promote bone resorption
(1). This manuscript outlines the pathophysiology of bone disease in cancer survivors and
helps in bridging the gaps between endocrinologists and oncologists in providing up-to-date
comprehensive cancer care to prevent skeletal morbidity in this population.

2. Normal bone physiology

Bone remodeling is a dynamic process that repairs microfractures and replaces old bone
with new bone. The normal bone remodeling process consists of five phases: the resting,
activation, resorption, reversal, and formation phases (2).

. In the activation phase, osteoclasts are recruited to the surface of the bone.

. In the resorption phase (about 3-5 weeks), osteoclasts generate an acidic
microenvironment between the cell and the surface of the bone, dissolving or
resorbing the mineral content of the bone.

. In the reversal phase, osteoclasts undergo apoptosis and osteoblasts are recruited
to the bone surface.

. In the formation phase (about 3-5 months), osteoblasts then deposit collagen;
this is mineralized to form new bone.

Bone formation and resorption are closely coupled processes involving a balanced interplay
between osteoblasts and osteoclasts. Osteoclasts are large multinucleate giant cells that are
primarily involved in bone resorption. Osteoblasts make bone by producing a fibrous matrix/
scaffolding that eventually gets mineralized by the deposition of calcium phosphate.
Osteoclasts are regulated by osteoblasts through the expression of cytokines such as receptor
activator of nuclear factor-xB ligand (RANKL), which activates osteoclast differentiation,
and osteoprotegerin (OPG) that in turn inhibits RANKL. RANKL stimulates osteoclast
activation by inducing secretion of lytic enzymes into a sealed resorption vacuole formed
between the osteoclast and the bone surface. Acidification of this compartment by secretion
of protons leads to the activation of tartrate-resistant acid phosphatase (TRAP) and cathepsin
K, which are the two main enzymes responsible for the degradation of bone mineral and
collagen matrices (2).
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3.0 Pathophysiology of bone disease in cancer patients

3.1 Bone loss due to aging

The advanced treatment regimens and comprehensive cancer care have significantly
increased survival in cancer patients. With this increased life expectancy, the incidence and
diagnosis of general aging diseases like osteoporosis has gone up. Moreover, cancer by itself
and cancer therapies add “fuel to the fire” exacerbating the bone loss and fractures. In the
aging population, physiologic decrease in estrogen level uncouples the “remodeling cycle”
by increasing osteoclastic resorption activity without a corresponding increase in
osteoblastic activity. Thus, normal aging tends to be associated with 0.5% — 1% bone loss
per year in both men and women starting from middle age (3). The bone loss is more
pronounced in immediate post-menopausal women due to a significant decrease in
circulating estrogen levels (2, 3). Though men do not have this “accelerated phase”
immediate post-menopausal bone loss, they are prone to “continuous phase” bone loss due
to elevated PTH levels, decreased estrogen and testosterone levels by aging (4). There is
substantial evidence that estrogen is at least as important as testosterone in determining bone
mass in aging men and that estrogen deficiency plays a prominent role in continuous phase
bone loss in men (4). In both genders, estrogen deficiency impairs the normal bone
remodeling cycle by increasing osteoclastic resorption activity without a corresponding
increase in osteoblastic activity. Hence, the amount of bone resorbed is greater than that of
the amount deposited, leading to a net loss of bone. This process was originally described as
‘uncoupling’. The cellular changes that occur in estrogen deficiency are depicted in figure 1.
In estrogen deficiency, there is an increased production of Tumor necrosis factor (TNFa.)
and cells of the stromal/osteoblastic lineage become more sensitive to interleukin-1 (1L-1).
IL-1 and TNF stimulate stromal cells/pre-osteoblasts to release several cytokines- IL-6,
macrophage colony stimulating factor (M-CSF), IL-11, granulocyte macrophage colony-
stimulating factor (GM-CSF), and transforming growth factor (TGF). The final cytokine in
the osteoclastogenesis cascade is receptor activator of nuclear factor B ligand (RANK
ligand), which is produced by osteoblasts that binds to its receptor (RANK) on osteoclasts
(2). RANKL has a natural antagonist osteoprotegerin (OPG) that is a soluble receptor
secreted by the stromal osteoblast lineage cells (4). The important action of estrogen is to
increase OPG secretion (2, 4) and decrease M-CSF (5) and RANK (6). In the presence of
estrogen, RANK-RANKUL interaction is inhibited there by inhibiting osteoclastogenesis
cascade (4). In retrospect, we now realize that the uncoupling factor secreted by the
osteoblasts is RANKL. In short, estrogen deficiency leads to increased levels of IL-6, M-
CSF, IL-11 and RANK ligand (2) (Figure 1). Moreover, in aging men and women, there is a
negative calcium balance in the body further affecting the bone mineralization.

3.2 Direct effects of cancer and bone loss

Bone loss in cancer survivors can be due to systemic inflammatory cytokines or hormones
produced by the cancer cells and/or due to localized bone effects due to metastatic deposits.
The most common cytokines involved in cancer-related bone loss are Receptor activator of
nuclear factor B ligand (RANKL), interleukin-6 (IL-6), IL-3, tumor necrosis factor (TNF)
alpha and beta. This explains how cancer causes accelerated bone turnover state, especially
in the aging population who already has elevated cytokines as described in section 3.1 and
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figure 1. In addition, bone tissue is one of the organs that is considerably effected in
malignancy due to ectopic secretion of hormones (PTH, PTHrP, 1, 25 (OH), vitamin D and
prostaglandins) (1) or from immune cross-reactivity between cancer cells and bone tissue.
The pathophysiology of cancer associated bone loss is detailed in Figure 2.

3.2.1 Bone loss due to skeletal metastasis—Bone acts as a fertile soil for cancer cell
seeding (1, 7, 8) and is a most common site of metastasis for many cancers especially breast,
prostate, multiple myeloma, lung and renal cancers. In fact, about 75% of patients with
multiple myeloma have bone pain due to skeletal events or generalized osteoporosis at the
time of diagnosis. The skeletal metastasis can be osteolytic or osteoblastic (increased bone
production). Osteolytic lesions are most commonly seen in various cancers whereas
osteoblastic lesions are most often seen in prostate cancer and 10-20% of cases of breast
cancer. In either case, the baseline mechanism of skeletal metastasis is the same as bone
resorption and formation is coupled process and bone formation dominates in osteoblastic
lesions whereas bone resorption gets dominated in osteolytic lesions and either of them can
lead to skeletal related events. In prostate cancer, Prostate Specific Antigen (PSA) activates
TGF- B, an osteoblast growth factor. Also, there is an increased production of local PTHrP
that is thought to increase osteoblast progenitor cell proliferation and early osteoblast
differentiation (9). These osteoblastic lesions are also associated with significant bone pain
and increased fracture risk.

3.2.1.1 The “seeding” mechanism of skeletal metastasis: Tumor cells often break off from
the primary tumor and penetrate through basement membrane of angiolymphatic system,
disseminating to distant organs. Most of these “circulating tumor cells (CTCs)” die, but few
of them are harbored in the bone marrow microenvironment due to the interaction of
CXCR4 (a chemokine receptor expressed on CTC) and CXCL12 (a stromal derived factor -1
in bone). These “disseminated tumor cells (DTCs)” in the bone marrow microenvironment
produce PTHTP, interleukin-6 (IL-6), prostaglandin E2 (PGE2), tumor necrosis factor (TNF),
and macrophage colony-stimulating factor (M-CSF) that increases the production of RANK
ligand. RANK ligand is a potent stimulator for osteoclasts thereby causing local bone
resorption, which in turn increases the formation of transforming growth factor-beta (TGF-
B). TGF- B stimulates the tumor cells to produce PTHrP, bone morphogenic proteins,
insulin-like growth factors, fibroblast growth factors, platelet-derived growth factor that
increase tumor growth. This vicious cycle further increases tumor growth and bone damage
(10). Hematologic malignancies-myeloma and lymphomas not only enhance osteoblast
action but also inhibit osteoblast bone formation by inhibiting Wnt signaling pathway. This
osteoblast inhibition is mediated through Dickkopf WNT Signaling Pathway Inhibitor 1
(DKK1), and/or secreted frizzled-related protein 2 (SFRP 2) secreted by the tumor cells (11).

3.3 Chemotherapy induced bone loss

Chemotherapeutic agents have undergone tremendous advancement over the past decade.
These advanced chemotherapeutic drugs may result in undesired long-term effects on bone
health by acting through multiple different mechanisms as summarized in Table 1. In
addition, chemotherapy leads to sarcopenia, decreased mobility there by leading to falls.
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Premature menopause secondary to chemotherapy increases the bone loss by almost 8-fold
compared to that of bone loss seen in post-menopausal women (12).

3.4 Hormonal therapy induced bone loss

Therapy with tamoxifen, aromatase inhibitors, GnRH agonists and antagonists are the main
stay of treatment in hormone responsive cancers- breast and prostate cancer. Aromatase
inhibitors act by inhibiting the aromatization of androgens to estrogen there by reducing the
estrogen levels by 96-99% (13). This considerable decrease in estrogen levels leads to rapid
bone loss, which by far exceeds (almost double the risk) the normal post-menopausal bone
loss (12, 13). With the use of aromatase inhibitors, there is a time and dose dependent
increase risk of fractures (14). This effect is more pronounced in patients with low baseline
BMD and serum estrogen concentrations (15). Androgen deprivation therapy with GnRH
agonists and antagonists used in the management of breast and prostate malignancies also
lead to bone loss by decreasing the estrogen levels. There is almost a 7-fold increase in bone
loss at the end of 1 year when GnRH agonist/antagonist + aromatase inhibitor therapy is
used in combination in pre-menopausal women. This corresponds to a fracture risk increase
by 40-50% (16). Moreover, androgen deficiency leads to decrease in lean body mass,
increase in fat mass and impaired muscular strength that may contribute to increased fracture
risk (17).

4.0 Screening and diagnosis of bone loss in cancer survivors

Bone loss is diagnosed clinically when there is a presence of fragility fracture or by bone
mineral density measured by bone densitometry (DXA) that is less than or equal to 2.5
standard deviations below that of a young adult reference population (T-Score). However, in
patients with T-Score greater than —2.5 with risk factors for bone loss, fracture risk
assessment (FRAX) is calculated to estimate the risk of major osteoporotic and hip fracture
in 10 years. It is important to note that FRAX calculator should not be used in patients who
are already on anti-resorptive medications. The measurement of BMD in cancer survivors
can be challenging especially if there are metastasis in the region of interest. If spine and hip
region cannot be included in region of interest, forearm can be used as alternate site to
evaluate for bone loss (18). Moreover, compared to that of general population, the cancer
survivors have many other risk factors that physician should evaluate in more detail. These
risk factors include — estrogen/testosterone deficiency secondary to hypogonadism either
through the direct effects of cancer or due to radiation/surgical or chemotherapy (19, 20) or
hormonal treatment (detailed in section 3.4) leading to enhanced bone loss, local invasion of
cancer tissue leading to pathological fractures, malnutrition following nausea and vomiting
leading to deficiency in nutrients such as calcium and vitamin D, immaobilization leading to
muscle wasting and bone loss, narcotic pain medication such as morphine that increase fall
risk (21) and hormonal or other activity of the tumor (e.g. production of cytokines,
parathyroid hormone related peptide (PTHrP) (as detailed in section 3.2) perhaps leading to
an increased bone loss. This comprehensive evaluation should include fall risk assessment,
medication reconciliation, and physical exam to determine peripheral neuropathy. With all
these risk factors, fracture risk assessment in cancer survivors is challenging and physician
should look beyond the BMD measurements while making treatment decisions.
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When to check bone mineral density (BMD)?

There are several guidelines that recommend that BMD should be evaluated in cancer
survivors who are currently on aromatase inhibitors (Als), premature gonadal failure
secondary to cancer therapy (22-25). As per United Kingdom Expert Group, and
international expert panel BMD should be measured within 3 to 6 months of initiating
medical castration therapy with Als, GnRH agonist/antagonists that decrease estrogen levels
in all women < 75 years of age (22). However, DXA scans are not usually needed in less
than 2—3-year time frame in patients who are already on anti-resorption medications unless
clinically warranted.

5.0 Prevention of skeletal morbidity in comprehensive cancer care

BMD measurement alone or combined with FRAX is usually used as a criterion for the
management of osteoporosis in general population. Due to the presence of multiple risk
factors in cancer survivors (as discussed in above sections), BMD and/or T-Scores should
not be the only criterion for determining fracture risk in this patient population. Moreover,
treatment indications are liberalized in the patients who are on hormone deprivation therapy.
Annals of oncology clinical practice guideline recommend to treat all cancer survivors who
are on chronic hormone deprivation therapy that potentiates bone loss with T-Score of less
than 2.0 (25) (Figure 3). The guideline also recommends treating the patients who are on
hormone deprivation therapy and have at least two of the following risk factors: age > 65
years, T-Score less than or equal to —1.5, current or history of smoking, glucocorticoid use
for more than 6 months, body mass index (BMI) < 20 kg/m?, personal history of
osteoporotic fracture above age 50 and family history of hip fracture. In all other patients
who do not meet the above criteria, exercise and optimization of calcium and vitamin D
intake is warranted. Sarcopenia and cachexia are usually seen in cancer survivors and it is
the responsibility of the comprehensive care team to discuss about physical therapy for
improving the muscle strength to limit falls. Moreover, the risk of falls is increased by high
dose analgesics and sedatives that are used in cancer survivors to alleviate the pain.

In addition to these generalized measures, cancer specific treatment goals based on the
evidence based medicine are discussed in respective sections below.

6.0 Breast cancer

Breast cancer is most common type of malignancy in women worldwide (26). Though the
incidence of breast cancer is steadily increasing, early diagnosis and development of
effective therapeutic regimens have improved patient survival.

Routine adjuvant therapy is given to prevent cancer recurrence and death. The type of
adjuvant therapy used is determined by hormone receptor status and menopausal state (27).
For example, treatment of premenopausal women with hormone receptor positive breast
cancer is aimed at inhibiting the effect of estrogen on the breast and is usually achieved by
estrogen receptor blockage (such as with tamoxifen), or ovarian function suppression with
surgical oophorectomy or with the use of GnRH agonist/antagonist therapy (28). The
superiority of aromatase inhibitors (Als) over tamoxifen in hormone-receptor positive
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disease has been established in multiple trials (29, 30). Moreover, the side effects of uterine
cancer and thromboembolic events seen with tamoxifen therapy are not observed in Al
therapy, which might have led to the increased use of Al therapy in the last decade (27). On
the other hand, Al therapy is associated with arthralgia, muscle pain and bone loss, which
are not seen in tamoxifen therapy. In addition, the anti-estrogen therapy with Als, GnRH
agonist/antagonists and chemotherapy induced ovarian failure in premenopausal women
increases the bone loss as high as 8-fold increase compared to that of post-menopausal
female without cancer. Though tamoxifen therapy is associated with bone loss when used in
pre-menopausal women, when used in post-menopausal women it has bone protective
effects (28).

It is always prudent to get a detailed baseline laboratory testing to rule out secondary causes
of osteoporosis and DXA screening in women with breast cancer prior to initiation of Al
adjuvant therapy. The laboratory testing for secondary causes of osteoporosis includes (but
not limited to) serum levels of calcium, phosphate, magnesium, 24-hour calcium and
creatinine levels, 25-hydroxyvitamin D, parathyroid hormone, hemoglobin, C-reactive
protein, ALP (bone-specific), thyroid-stimulating hormone, celiac disease antibodies and
protein electrophoresis (serum and/or urine). These tests are to be tailored based on the risk
factors and clinical manifestations. Immobility from cancer-associated muscle weakness and
sarcopenia is also associated with an increased risk for bone loss and fractures. Such risk
factors must also be considered in preventing and treating Al-induced bone loss. General
guidelines mentioned in section 5 are to be followed in managing bone loss in breast cancer
survivors. A special emphasis on anti-resorptive use in breast cancer survivors is detailly
described in the present section.

6.1 Bisphosphonates

6.1.1 Prevention of Al-Induced Bone Loss—Bisphosphonates have been used in Al-
treated patients for almost two decades (27). The earliest studies showed that administration
of oral bisphosphonates resulted in significant BMD increase (32—-34). Although the data
from these studies are not as robust as for intravenous bisphosphonates, observational
studies have reported prevention of Al-induced bone loss with oral bisphosphonate regimens
that are typically used for postmenopausal osteoporosis (35).

Bisphosphonates have been shown to be effective in preventing anti-estrogen therapy
induced bone loss in both pre- and post-menopausal women (32—42). The ABCSG-12 trial
included 1,803 premenopausal women with hormone responsive early stage breast cancer
treated with GnRH agonist randomized to tamoxifen versus anastrozole with or without
zoledronic acid 4 mg 1V every 6 months (36). Patients who were given zoledronic acid had
significantly higher BMDs compared to the women who did not receive the bisphosphonate
(36). In another study of premenopausal women, addition of zoledronic acid 4 mg every 3
months to adjuvant chemotherapy and/or endocrine therapy led to lumbar spine BMD
increase by 3.14% versus 6.43% decrease in the placebo group in 24 months (P<0.0001)
(37). In postmenopausal women, the Z-FAST and ZO-FAST trials assessed the efficacy of
concomitant treatment with zoledronic acid 4 mg every 6 months with Al (upfront arm)
versus delayed treatment arm (initiation of ZA when BMD T-score falls to <-2.0 or
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occurrence of a non-traumatic fracture) (32-35). Significant BMD increase at the lumbar
spine and hip were noted in the upfront arms of both studies (38-41). A 5-year follow up
study was done yielding the similar positive results in upfront arm (42). Of note, despite
these great benefits in BMD, it is important to note that bisphosphonates resulted in modest
reduction of fractures (RR 0-85, 95% CI 0-75-0-97; 2p=0:02) (43).

6.1.2 Adjuvant Bisphosphonate Therapy—The interaction between cancer cells, bone
cells and the bone microenvironment drive a vicious cycle that promotes malignant
metastatic processes in cancer. Bisphosphonates’ role in the adjuvant setting by prevention
of breast cancer recurrence and reduction of metastases has been evaluated by multiple
studies. It is important to note that endocrine status (i.e, low vs high estrogen setting) may
influence the effect of bisphosphonates on disease progression (27). A double-blind
randomized trial involving 3,233 women with early stage breast cancer did not show any
significant differences in terms of overall survival (OS) and disease-free survival (DFS)
between the clodronate and placebo groups (44). Notably, longer recurrence-free interval
(0.75 [0.57-0.99]; P=0.045), as well as bone and non-bone metastasis-free interval were
observed when post-menopausal women aged more than 50 years were included (44). In the
ABCSG-12 trial, addition of zoledronic acid to adjuvant therapy (tamoxifen or anastrozole)
significantly increased DFS at 48 months (HR =0.64, p=0.01) and at 62 months (HR=0.68,
p=0.009) (45, 46). Prolonged DFS and improved OS were confirmed after a median follow
up of 95 months (46). In the Z-FAST and ZO-FAST trials, zoledronic acid significantly
reduced disease recurrence in both upfront and delayed arms, though there was a significant
DFS improvement in the upfront arm compared to that of delayed arm (HR=0.59, p=0.03)
(39, 41). In a recent meta-analysis of 26 RCTs involving 18,766 patients, 10-year risk of
bone recurrence was significantly reduced with the addition of adjuvant bisphosphonates.
Moreover, there was an approximately one third reduction in bone metastases and one sixth
reduction in breast cancer deaths in postmenopausal women (43). These data mean that
many postmenopausal women will receive adjuvant bisphosphonates irrespective of BMD
and fracture risk (47, 48) (Figure 4).

6.3 Denosumab

6.3.1 Al-Induced Bone Loss—Denosumab is a RANK ligand inhibitor and is most
potent anti-resorptive till date. As detailed in section 3.2, RANKL is a key mediator of direct
effects of cancer on bone health and metastatic bone resorption. Denosumab binds to
RANKL and inhibits osteoclast formation, function and survival thereby reducing bone
resorption. Ellis et al, randomized 252 women with early stage breast cancer undergoing
adjuvant Al therapy to receive subcutaneous denosumab 60 mg or placebo every 6 months
for 2 years (49, 50) Lumbar spine BMD significantly increased by 5.5% and 7.6%
(P<0.0001 for both), after 12 and 24 months, respectively (49, 50). Similar improvement in
BMD was also noted at the total hip, total body, femoral neck and distal one-third of the
radius (49, 50). The ABCSG-18 trial randomized postmenopausal women with hormone-
responsive early stage breast cancer receiving Al to denosumab 60 mg or placebo every 6
months (51) The primary endpoint was time to first clinical fracture and patients in the
denosumab group had a significantly delayed time to fracture [HR=0.50 (95% CI 0.31-
0.64), p<0.0001] (51). Moreover, at 36 months, BMD increase of 10% at the lumbar spine,
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8% at the total hip and 6.5% at the femoral neck (all adjusted p values <0.0001) were
observed in the denosumab group compared to that of placebo. Denosumab is the only anti-
resorptive that has shown anti-fracture efficacy in cancer therapy induced bone loss.

7.0 Prostate cancer

Prostate cancer is second most common cancer in men with most affected above age of 70
years usually managed by either medical (ADT) and/or surgical castration. Given its age
distribution, BMD is frequently low by the time of initial diagnosis as demonstrated in a
study of 618 prostate cancer subjects in which only 20% had normal bone density, 39% had
osteopenia and 41% had osteoporosis (52). None of these patients have retained their
baseline bone densities at the end of 6 years of ADT. ADT decreases the estrogen and
testosterone levels, dose dependently (53), further accelerating the bone loss. Moreover,
prostate cancer frequently metastasizes to bone, especially pelvic and vertebral bones. These
bone metastases on top of compromised bone mineral density lead to fractures and other
SREs causing significant morbidity and an effect on overall survival. Maintenance of bone
health in prostate cancer care is thus clearly warranted.

7.1 Maintenance of bone health

Advanced prostate cancer patients who are on ADT should be screened as per routine
screening process detailed in section 4.0. As discussed in the breast cancer section (section
6), life style interventions like alcohol and smoking cessation, muscle strengthening
exercises and adequate lighting at home to avoid falls play an important role in reducing the
fractures there by reducing the morbidity and mortality. Pharmacological intervention
includes optimization of vitamin D and dietary calcium intake of 1200 mg as per IOM
guidelines (54).

7.1.1: Prevention of ADT induced bone loss—SERMs, bisphosphonates and
denosumab were evaluated in the management of SREs and preservation of bone health in
prostate cancer survivors. Toremifene (a SERM) has increased the BMD in men receiving
ADT for prostate cancer (55), but it was not approved by the FDA as there was no adequate
data supporting the fracture reduction, time to disease progression and overall survival.
Along with life style modifications (smoking cessation, weight bearing exercise) and
optimization of calcium and vitamin D intake as per institute of medicine (IOM) guidelines,
osteoclast inhibition by bisphosphonates and denosumab is the current standard of care for
maintaining bone health in prostate cancer patients who are on androgen deprivation therapy
(ADT) (56-58).

7.1.2: Management of skeletal metastases and skeletal related events (SRESs)
—Though all bisphosphonates have shown benefit in improving BMD (56-58), only ZA has
shown benefit in reducing SRES in castration resistant prostate cancer (59-61). However,
this encouraging results are not demonstrated by ZA in castration sensitive prostate cancer
(62). Moreover, ZA was shown to be ineffective in prevention of new metastasis (60, 61).
Denosumab is shown more effective than ZA in reducing the SREs, fractures and in
delaying the first occurrence of bone metastasis in castration resistant prostate cancer (63).
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In patients with castration resistant prostate cancer with raising PSA levels, denosumab has
shown to be beneficial in bone-metastasis-free survival by a median of 4-2 months compared
to that of placebo (median 295 [95% CI 25:4-33:3] vs 25:2 [22:2-29-5] months; hazard
ratio [HR] 0-85, 95% CI 0-73-0-98, p=0-028). Denosumab has also shown to significantly
delayed time to first bone metastasis (33:2 [95% CI 29-5-38-0] vs 29:5 [22:4-33-1] months;
HR 0-84, 95% CI 0-71-0-98, p=0-032) (64). Though denosumab has shown to delay the time
of first occurrence of bone metastasis, it failed to improve overall survival or overall
progression-free survival (64). In short, despite benefits of preserving bone health and
decreasing SREs, neither ZA nor Denosumab have shown overall survival benefit. Contrary
to ZA and Denosumab, Docetaxel given as part of chemotherapy (65), and alpha particle
emitting Radio-Pharmaceuticals-Radium-223 (66, 67) have shown overall survival benefit
and in preventing bone metastasis when combined with ADT.

Bone pain secondary to bone metastasis can be effectively managed by single fraction of
external beam radiation therapy using 8 Gy. Radium 223 is the only bone-targeted agent that
has shown to prolong survival in prostate cancer with bone metastasis. Bisphosphonates and
denosumab are not approved by FDA for the pain management in prostate cancer bone
lesions, however, they can be used as an alternative or adjuvant to radio pharmacy and
external beam radiation therapy. Other treatment modalities used in managing bone lesions
in prostate cancer include magnetic resonance guided focused ultrasound (68), hemi body
irradiation (for extensive metastasis), surgical removal of lesions, analgesics and of course,
systemic chemotherapy.

8.0 Differentiated Thyroid cancer (DTC)

DTC is most common endocrine malignancy with a 10-year survival rate of 80-95%.
Depending upon the cancer stage, thyroid cancer is usually managed by surgical excision of
thyroid gland, 1131 therapy and suppression of TSH with supra-physiological doses of
levothyroxine. A nested case control study in Canada (69) demonstrated that high (> 93
mcg) and medium (44-93 mcg) cumulative doses of levothyroxine were associated with a
higher risk for fractures compared with low cumulative doses (< 44 ug daily). All high-grade
DTC patients are usually managed with 2.2 mcg/kg levothyroxine, which falls under this
high levothyroxine dose category. Thyroid hormone increases bone resorption by acting
through nuclear triiodothyronine (T3) receptors, predominantly thyroid receptor (TR)-
alpha-1 thereby causing increased bone resorption there by leading to major osteoporotic
fractures (70). This risk further increases in case of post-menopausal women. Maintenance
of skeletal health in thyroid cancer survivors is thus clearly warranted, which involves life
style interventions, optimal calcium/vitamin D supplementation and titrating the
levothyroxine dose to lowest possible dose to maintain TSH levels as per ATA thyroid
cancer management guidelines (71) depending up on the staging of the cancer. For example,
a stage 3 papillary thyroid cancer patient who had total thyroidectomy done almost 5 years
ago with no biochemical or anatomical evidence of disease on routine follow ups can have
TSH in 0.1-0.5 mIU/ml rather than <0.1 mlU/ml. Bone mineral density should be closely
monitored (once every two years) in these patients who are being treated with the TSH
suppressive levothyroxine.
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9.0 Multiple myeloma

Multiple myeloma (MM) is a clonal B-cell disorder that results from proliferation and
accumulation of malignant plasma cells leading to elevated immunoglobulin levels with
concomitant immune system deficiency, renal failure and osteolytic bone lesions. The
skeletal involvement in the form of osteolytic lesions is a telltale sign of MM with the
prevalence of 70-80% (72) in newly diagnosed cases. Given the median age of diagnosis
being 65 years, osteoporosis is also common in this cohort further compromising the bone
health. The clinical consequences of osteolytic lesions and osteoporosis (fractures and severe
bone pain) worsen the quality of life and survival rate in this patient population (73). The
bone disease in MM is primarily due to the interaction of myeloma cells to bone marrow
stromal cells (BMSCs) mediated through vascular cell adhesion molecule-1 (VCAM-1),
which favors the production of factors that promote osteoclastogenesis (74). BMSCs-MM
cells interaction express IL-6, Macrophage inflammatory protein 1a (MIP 1a), RANKL and
M-CSF that promote osteoclastogenesis. In addition, myeloma cells express decrease the
expression of OPG, which inhibits RANK-RANKL interaction and myeloma cells are also
known to secrete Dkk1 and sFRP-2, which inhibit osteoblast differentiation and function
(75). Therefore, agents that act through osteoclast inhibition or osteoblast stimulation are the
cornerstone in maintaining the bone health in MM.

Bisphosphonates and Denosumab are extensively evaluated for preserving bone health and
in preventing SREs. Intravenous bisphosphonates (ZA and pamidronate) are the mainstay of
therapy in MM and are known to be beneficial in reducing SREs (RR 0.80, 95% CI 0.72—
0.89), better pain control (RR 0.75, 95% CI 0.60-0.95) and in preventing pathological
vertebral fractures (RR 0.74, 95% CI 0.62-0.89) (76). As per a systemic review and meta-
analysis (76), as a group, bisphosphonates showed positive effects in reducing SREs (RR:
0.80; 0.72-0.89), vertebral fractures (RR:0.74; 0.62-0.89) failed to show overall survival
benefit [HR] 0.96, 95% CI 0.82-1.13) and progression free survival (HR 0.71, 95% CI 0.41-
1.19). However, in a subset analysis, improved survival was noted with ZA (HR 0.42, 95%
Cl 0.81-0.22). Moreover, in a largest head to head randomized control trial that compared
oral (clodronate) and intravenous bisphosphonate (ZA), a superior efficacy in terms of SREs
and progression free survival was demonstrated in patients who had bone disease at baseline
(p<=0.0107, survival advantage of 10 months) (77, 78). Currently IV bisphosphonates,
pamidronate and ZA are approved in USA for use in MM. It is important to note that renal
insufficiency is one of the well noted complication of MM, which limits the use of ZA
(especially when creatinine clearance is < 30). In such patients who have extensive renal and
skeletal disease, pamidronate 90 mg can be infused over an extended period (46 h) (79). As
per recent international myeloma working group recommendations (79), bisphosphonates
are to be initiated along with the antimyeloma therapy regardless of skeletal metastasis but
the benefit is of a question in non-skeletal MM disease. As in other cancers, Kyphoplasty
and low dose radiation therapy along with bisphosphonate therapy can be used appropriately
for symptomatic vertebral compression fractures and SREs (79). In case of long bone
fractures and spinal cord related events, timely consultation to orthopedic surgeons is
warranted.
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Denosumab is another potent and efficacious anti-resorptive agent that theoretically should
have better beneficial effects in MM patients due to its direct inhibition of RANKL and
potential to use in renal insufficiency. Despite these theoretical benefits, the drug is not
approved by FDA in the management of MM as there was a decrease in survival rate in ad-
hoc analysis of a head to head comparison study with ZA (80). Sorscher et al., (81), propose
that this improved survival of ZA may be due to its interference with the post-translational
modification of oncogenic RAS in the myeloma cells. Of note, as per Liu eta al., (82) RAS
mutation was seen in about 39% of multiple myeloma cases. However, in ASCO 2017,
pioneering work of Raje et al (83)., have showed that denosumab was non-inferior to ZA in
delaying time to first on study SRE in pts with newly diagnosed MM (p=0.01). In addition,
the rate of renal complications in denosumab group were lower than that of ZA group.
Denosumab is currently being evaluated in a head to head phase 111 randomized clinical trial
(NCTO01345019) and the results are expected in 2019 and until then denosumab is not
indicated and approved in MM patients.

9.1 The antimyeloma agents

Immunomodulatory agents (thalidomide, and lenalidomide) are the mainstay of treatment in
the newly diagnosed and relapsing cases of MM with or without bone disease (84, 85). /n
vitro studies have shown that these agents also act as potent anti-resorptives by blocking the
RANK stimulated osteoclastogenesis. In addition, thalidomide is also known to alter the
production of inflammatory cytokines further limiting the osteoclastogenesis. In a study (86)
that evaluated the combination of thalidomide and dexamethasone, it was demonstrated that
bone resorption markers (CTX and TRACP-5b) were significantly reduced at 3 and 6
months’ post treatment. Bortezomib, a proteasome inhibitor alters abnormal bone
metabolism, both by reducing bone resorption and by enhancing bone formation, which is
evident by decreased bone resorption markers and increased bone formation markers (bALP)
(87, 88).

The pathogenesis of bone resorption, bone metastasis and agents used in management of the
same in MM bone disease are summarized in figure 5.

10.0 Bone health in paraneoplastic syndromes

Bone tissue is one of the organs that is considerably effected in malignancy due to ectopic
secretion of hormones- parathyroid hormone (PTH), parathyroid hormone related peptide
(PTHrP), 1, 25 (OH), vitamin D and prostaglandins (89) (Figure 2), cytokines (IL-6, TNF-
alpha and beta), direct skeletal metastasis or from immune cross-reactivity between
malignant and bone tissues thereby leading to hypercalcemia. Almost 80% of cases are
caused by elevated PTHrP levels- most commonly known as humoral hypercalcemia of
malignancy (HHM). Classical biochemical findings in HHM include elevated PTHTP,
suppressed endogenous PTH secretion due to hypercalcemia mediated by PTHrP and low
levels of active vitamin D. The PTHrP levels can also provide information about prognosis
of cancer and likelihood of response of hypercalcemia from bisphosphonate therapy.
Hypercalcemia in the setting of serum PTHrP concentration above 12 pmol/L is often
associated with an inferior survival (90) and poor response to bisphosphonate therapy (91).
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In cases of elevated PTH or inappropriately normal PTH, one should consider concomitant
presence of primary hyperparathyroidism or ectopic PTH secreting neoplasm. In the setting
of hypercalcemia with normal PTH and PTHrP, next step is the measurement of active
vitamin D, which is common in lymphomas and ovarian dysgerminomas (92). It is
fascinating to note that metastatic breast cancer cells may produce PTHrP locally, without a
major increase in serum PTHrP leading to hypercalcemia in the setting of low PTH, PTHrP
and 1, 25 (OH), vitamin D levels (93, 94). Other causes of hypercalcemia like
hyperthyroidism induced bone loss, medication induced (thiazides, lithium) should not be
over looked in this patient population as they can exacerbate the degree of hypercalcemia.

Hypercalcemia of malignancy often causes considerable morbidity, and effective treatment
can improve patient quality of life. Even long standing mild to moderate degree of
hypercalcemia warrants treatment as it can lead to decrease bone quality due to
demineralization of bone leading to fragility fractures thus increasing morbidity. In addition,
poor nutritional status can exacerbate the hypercalcemia and poor bone health in cancer
survivors. For example, dehydration can relatively increase the serum calcium levels,
decrease calcium filtration from kidney. Hypercalcemia can also induce nephrogenic
diabetes insipidus further exacerbating the fluid loss (94). Moreover, poor dietary intake of
calcium can enhance increased calcium resorption from bones because of PTH. Hence,
optimal management of hypercalcemia includes (but not limited to) fluid repletion and
optimal nutritional intake. Aggressive hydration is recommended in patients who have no
significant cardiac or renal disease. Intravenous bisphosphonates (Zoledronic acid and
Pamidronate) are the current standard of treatment and usually take couple of days to show
hypocalcemic effects. Concomitant use of calcitonin helps in lowering calcium levels before
the action of bisphosphonates peak. Prednisone (dose of 20—40 mg/day) can be used in
patients with an overproduction of 1,25-dihydroxycholecalciferol as it blocks 1 alpha
hydroxylase activity in macrophages. Patients with refractory hypercalcemia should be
considered for denosumab therapy and lastly for hemodialysis.

11.0 Complications of osteoclast inhibitors especially in the doses used in

cancer and how to prevent them?

The osteoclast inhibitors described above thus play an important role in the management of
bone disease in cancer patients. However, they are being infamous because of their rare but
serious side effects of atypical femur fractures and osteonecrosis of jaw (ONJ), especially
with the frequency and doses that are used in cancer patients. A randomized-placebo
controlled trial (95) has evaluated the non-inferiority of less frequent dosing of zoledronic
acid (every 3 months) versus standard dosing (every 4 weeks) in patients with metastatic
breast, prostate cancer and multiple myeloma for a period of 2 years. The proportions of
SREs did not differ significantly between the every 4-week dosing group vs the every 12-
week dosing group for patients with breast cancer, prostate cancer, or multiple myeloma
(p<0.001 for non-inferiority). The bone pain reduction effect, side effect profile in terms of
renal damage and osteonecrosis of jaw were similar in both the groups. This study opens the
doors for less frequent administration of these agents retaining their positive effects on both
health.
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The other common side effects seen with the use of these anti-resorptives are hypocalcemia,
hypophosphatemia, acute phase reactions and skin infections (denosumab). The degree of
hypocalcemia and hypophosphatemia is more pronounced with denosumab, which is a
stronger anti-resorptive. These mineral metabolism side effects can be easily prevented by
optimizing the calcium and vitamin D levels before initiating the therapy with these agents.
Moreover, it is also important to check PTH levels before the use of these agents as they can
unmask and exacerbate the mild hypoparathyroidism leading to severe hypocalcemia. It is
important to note that bisphosphonates are renally cleared and infusion times less than 15
min for zoledronic acid should be avoided, and serum creatinine should be measured before
each zoledronic acid infusion. Bisphosphonates should be withheld if renal deterioration is
noted with their use, but can be resumed at the previous dose when serum creatinine returns
to within 10 % of baseline. In addition, bisphosphonates should be avoided when creatinine
clearance is less than 30 (79).

Denosumab can be used in patients with chronic kidney disease but the risk of hypocalcemia
and hypophosphatemia is more pronounced in the presence of chronic kidney disease
(CKD). Optimization of calcium, phosphorous and vitamin D levels is highly recommended
when denosumab is used in CKD patients. Also, it is important to rule out adynamic bone
disease before initiating denosumab in CKD patients. Though bone biopsy is the gold
standard test to rule out adynamic bone disease, certain bone turnover markers (bone
specific alkaline phosphatase, trimeric form of PLNP and tartarate acid phosphatase) can
help in differentiating severe osteoporosis/bone loss and adynamic bone disease.

12.0 Conclusion

Bone health among cancer survivors is a critically important aspect of cancer care and
requires special attention and detailed evaluation by the comprehensive care team.
Endocrinologists should be involved in the care team early in the disease course, given their
expertise in and understanding of hormone action, bone and mineral metabolism. In patients
with a new diagnosis of cancer, priority should be given to assess skeletal status, optimize
bone health, and prevent cancer therapy—induced bone loss and fractures. In patients with
more advanced stage cancer, the goal of the care team should be avoiding and managing
complications such as SREs, bone pain and fractures. The growing recognition of bone
microenvironment as a reservoir of malignant cells favors the use of bone protective agents
such as bisphosphonates to prevent skeletal metastases and skeletal related events. Bone
health in cancer survivors is a vital area for both clinical and basic science research that can
help preventing the morbidity and mortality in cancer survivors.
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Effect of Estrogen on Bone Resorption
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Figure 1.
Cellular changes that occur with estrogen changes. +E depicts effects in presence of

estrogen; E depicts effects in absence of estrogen. IL-1 is Interleukin 1, TNF — Tumor
Necrosis Factor, OPG — Osteoprotegerin. Estrogen decreases osteoclastogenesis and
increases osteoclast apoptosis. Estrogen reduces osteoclastogenesis by suppressing IL-1 and
TNF and increasing the sensitivity of stromal cells/preosteoblasts to 1L-1, thus suppressing
M-CSF, RANKL, and perhaps most notably, IL-6. In addition, estrogen stimulates the
production of OPG, the potent inhibitor of osteoclastogenesis. Estrogen also reduces the
responsiveness of osteoclast precursors to RANKL. Estrogen also promotes osteoclastic
apoptosis, thereby reducing osteoclast lifespan. This effect appears to be mediated by TGFp.
Adapted from Tella et al., (2) with permission.
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Figure 2.
Schematic diagram detailing the pathogenesis of cancer induced bone loss. PTHrP:

Parathyroid Hormone related Peptide, PTH: Parathyroid hormone, IL-6: interleukin 6, IL-3:
interleukin 3, RANKL: Receptor activator of nuclear factor B ligand.
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Figure 3.

Patient with breast
cancer initiating

or receiving
Al therapy
J l |
v v
T-score 2-2.0 Any 2 of the following risk factors:
No additional T-score < -2.0

risk factors

* T-score <-1.5

* Age > 65 years

* Low BMI (< 20 kg/m?)

* Family history of hip fracture

* Personal history of fragility fracture
after age 50

* Oral corticosteroid use of > 6 months

* Smoking (current and history of)

Calcium and vitamin D
supplements

v

Monitor risk status
and BMD
every 1 to 2 years*

Bisphosphonate
therapy, plus calcium
and vitamin D
supplements
(zoledronic acid 4 mg/
6 months)

Monitor BMD
every 2 years

Page 23

Recommended algorithm for managing bone health in women receiving aromatase inhibitor
(Al) therapy for breast cancer. *If patients experience an annual decrease in bone mineral

initiated. Use lowest T-score from 3 sites.
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Figure 4.

patients that BP do not affect survival
outcomes when used in this context
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Algorithm of using bisphosphonates as an adjuvant therapy. BP: bisphosphonate. Always
use Include Vitamin D 1000-2000 international units and calcium 1000 mg/day and ensure
vitamin D level is adequate (> 30 ng/ml) while initiating bisphosphonate. If vitamin D level
is not in normal range, it must be corrected with higher doses of vitamin D to increase the
level to > 30 ng/ml. Adapted from (48) with permission.
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MYELOMA CELLS

BMIB

Figure 5.
Myeloma bone disease. A. Myeloma cells secrete osteoclast activating factors (IL-6, IL-3)

that stimulate osteoclast induced bone resorption. B. Stromal cells stimulate osteoclasts by
increasing the RANK L production. C. Myeloma cells directly inhibit osteoblast
differentiation by expressing osteoblast inhibitory factors (Dickkopf-1, secreted frizzled-
related protein 2 (sFRP2)), which are blocked by anti-myeloma agent bortezomib (BMIB).
Zoledronic acid (ZA), temozolomide (TM) and denosumab (DMAB) inhibit osteoclast bone
resorption. OC=0steoclast, OB=0steoblast, SC=Stromal cell.
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Table 1

Summary of chemotherapy agents and their effects on bone and mineral metabolism.
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Chemotherapy agent

Effect on bone and mineral metabolism

Cyclophosphamide

Arrests the cell division of preosteoblasts and osteoclasts, and Amenorrhea.

Cyclosporine

Stimulate osteoclasts, suppress osteoblasts, and inhibit mineral apposition.

Doxorubicin

Inhibits the proliferation and differentiation of osteoblasts, alters the interaction of PTH to its receptor on
osteoblasts.

Estramustin

Hypophosphatemia, hypocalcemia—secondary hyperparathyroidism, osteomalacia

5-Flurouracil + Leucovorin

Decrease in 1 alpha hydroxylase activity—decreased 1, 25 (OH), vitamin D levels.

Ifosfamide

Fanconi syndrome — renal phosphate wasting— osteomalacia.

Methotrexate

Increased bone resorption, increased incidence of fractures.

Platinum based compounds

Hypomagnesemia
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