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Background: Treatment advances have reduced the adverse events associated with hematopoietic stem
cell transplant (HSCT) and led to an increased number of transplants performed. HSCT patients are living
longer with concerns on long-term outcomes. Bone fragility and fracture are at the forefront for long-
term morbidities post-HSCT.
Results: In HSCT recipients, evidence has accumulated to support recommendations for more extensive
monitoring of bone fragility and more appropriate administration of osteoporosis pharmacotherapies
for patients at high risk of bone loss and/or fracture.
Conclusion: This executive summary reports and summarizes the main recommendations published pre-
viously, including bone assessment, dietary and lifest
yle recommendations and osteoporosis medication.
� 2021 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The International Osteoporosis Foundation Committee of Scien-
tific Advisors Working Group on Cancer and Bone Disease pub-
lished a review paper on the management of bone in
hematologic stem cell transplant patients in Osteoporosis Interna-
tional [1]. With the publication of this executive summary which
reports and summarizes the main recommendations, we wish to
propose an algorithm and recommendations to the hematology/
oncology readership.
2. Bone loss risk factors

Substantial risk of bone loss exists in patients undergoing allo-
geneic hematopoietic stem cell transplant (HSCT) [2]. Risk factors
for bone loss following HSCT include HSCT preparative regimen,
induction of premature menopause, weight loss and medications
used in the prevention and treatment of acute and chronic graft-
versus-host disease (GVHD). Most women become menopausal
subsequent to HSCT. Reduced intensity conditioning regimens
are increasingly used and are associated with less organ toxicity
but their impact on bone loss remains unknown. The integration
of clinical risk factors with bone mineral density (BMD) has been
operationalized into the Fracture Risk Assessment Tool (FRAX�),
which provides a 10-year fracture risk probability for both women
and men. FRAX� is not applicable in patients under the age of 40.
FRAX� has not been validated in the HSCT population. In younger
individuals undergoing HSCT, achievement of peak bone mass
may be impaired with increases in fracture risk later in life. Low
vitamin D levels have been reported in 49–70% of pre-HSCT [3,4]
and 58–100% post-HSCT patients [3–5].
3. When to test BMD

Most guidelines recommend dual energy X-ray absorptiometry
(DXA) examination within one year of transplant [6–8]. The IOF
Working Group on Cancer and Bone Disease also recommends
the measurement of BMD before HSCT due to prior morbidity
and exposure to chemotherapy agents potentially harmful to bone.
Post-HSCT declines in BMD are not predictable. BMDmeasurement
should be repeated in patients not given osteoporosis pharma-
cotherapy (for instance those with T score > �1.5 at the spine, total
hip or femoral neck by DXA), approximately 3 months after HSCT.
If patients have received osteoporosis pharmacotherapy, such as
pamidronate or zoledronic acid, because of a T score < �1.5 at
the spine, total hip or femoral neck as measured by DXA, a repeat
BMD one year after HSCT is recommended. Individuals with speci-
fic clinical concerns may require follow-up evaluations at an earlier
time point. BMD may be low in patients many years after HSCT.
Thus, BMD should be monitored periodically in HSCT recipients [9].

Secondary causes of bone loss may coexist in this HSCT popula-
tion. Secondary causes should be evaluated with measurement of
calcium, phosphate, alkaline phosphatase, thyroid-stimulating
hormone (TSH), creatinine, estimated glomerular filtration rate
(eGFR) and 25-hydroxyvitamin D (25-OH-VitD). In some clinical
circumstances, parathyroid hormone (PTH), testosterone, estradiol,
2

follicle-stimulating hormone (FSH), and luteinizing hormone (LH)
could be measured too (Fig. 1).
4. Diet and lifestyle recommendations

A well balanced diet with adequate intakes of calcium, protein
and Vitamin D is recommended [9]. Food intake and gastrointesti-
nal (GI) absorption are reduced after HSCT and may be more prob-
lematic with GI GVHD. Because of frequent post-HSCT nutritional
deficiency, attention to adequate caloric intake with the possible
early addition of total parenteral nutrition (TPN) should be paid.

Dairy intake should be encouraged, however calcium supple-
ments could be used to help to meet patients’ need for 1000–
1200 mg elemental calcium from diet and supplement combined.

Baseline assessment of serum 25-OH-vit D may help to
determine patients in need of a loading dose of vitamin D prior
to transplant. A loading dose of vitamin D3 (for example 50,000–
100,000 IU) prior to HSCT contributes to ensure vitamin D suffi-
ciency throughout the critical first three months post-HSCT. Vita-
min D is inexpensive and easy to administer orally.

All patients should be educated about physical exercise and life-
style changes to reduce bone loss and to improve quality of life,
such as regular weight-bearing and muscle strengthening exer-
cises, avoidance of tobacco and excessive alcohol intake [10].
5. Intervention thresholds

Parenteral antiresorptive therapy is preferred due to the poten-
tial for poor absorption and adherence associated with oral therapy
[11] as well as GI side effects in this population who are at partic-
ular risk. Bisphosphonates are the most studied drugs for the pre-
vention of HSCT-induced bone loss. Bisphosphonates like
pamidronate or zoledronic acid, prevent bone loss [12,13] or even
increase bone mass [14,15]. A meta-analysis has confirmed that
bisphosphonates, and in particular, zoledronic acid, are promising
in the prevention of HSCT-induced bone loss [16]. Intervention
with intravenous zoledronic acid should be considered if pre-
HSCT BMD T-score < �1.5 at any one of the relevant sites (total
hip, femoral neck, lumbar spine, one third radius), and if renal
function permits. Though there are no data specific to this popula-
tion, denosumab could be considered in patients with renal
impairment, who are not candidates for bisphosphonates.

All patients receiving prolonged courses of glucocorticoid for
GVHD are at high risk for bone loss and fracture. Therefore, pro-
phylaxis with bisphosphonates, ideally zoledronic acid 5 mg, may
be considered regardless of the T-score.

The major fractures due to osteoporosis are those of the hip,
spine, wrist and proximal humerus and are associated with low
BMD and other factors such as the tendency of falling, age, gen-
der and race. They are called fragility fractures because they are
occurring after a low-energy trauma, such as a fall from stand-
ing height. The risk of re-fracture is highest in the first two years
following a first fracture [17], and thus a prior fragility fracture
is a strong indication to treatment and should be initiated as
soon as possible after fracture surgery, as secondary fracture
prevention.



Fig. 1. Management algorithm for patients undergoing allogeneic stem cell transplant. The asterisk symbol represents patients receiving an autologous HSCT with underlying
myeloma [26,27]. DXA: dual energy X-ray absorptiometry; Ca: calcium; PO4: phosphate; ALP: alkaline phosphatase; 25-OHD: 25-hydroxy vitamin D; TSH: thyroid-
stimulating hormone; GVHD: graft-versus-host disease; eGFR: estimated glomerular filtration rate.
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In younger women with treatment induced amenorrhea post-
HSCT, estrogen-based Menopausal Hormone Therapy (MHT) may
be an effective antiresorptive therapy and perhaps show additive
benefits with regard to cardiovascular disease [18], although its
efficacy in preventing glucocorticoid induced bone loss in this pop-
ulation has not been established [19,20].

Denosumab, a monoclonal antibody to receptor activator of
nuclear factor kappa-B ligand (RANKL), is a novel approach to pre-
vent bone loss, though not yet specifically evaluated in HSCT recip-
ients. Denosumab 60 mg subcutaneously twice yearly prevent
clinical fractures in postmenopausal women with breast cancer,
who receive an aromatase inhibitor irrespective of baseline age
or BMD [21]. This therapy may be safer than bisphosphonates in
3

the context of renal impairment (eGFR < 35 mL per minute) and
may be more convenient to administer than intravenous therapy.
In addition, there are recent data documenting a superior BMD
response in patients on glucocorticoid treated with denosumab
compared to risedronate [22].

Teriparatide is a parathyroid hormone fragment that is anabolic
for bone, approved for the treatment of postmenopausal, male, and
glucocorticoid osteoporosis. It is contraindicated in patients with
prior cancer or with previous skeletal irradiation, including HSCT
patients [23]. Abaloparatide, a parathyroid hormone-related pep-
tide (PTHrP) analog and romosozumab, an inhibitor of sclerostin,
are both biological anabolic treatments but no study has been pub-
lished on abaloparatide or romosozumab in transplant recipients.
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6. Obstacles to implementation of bone fragility guidelines

Despite convincing data that bone loss is common post-HSCT,
many HSCT patients are not monitored for bone fragility and most
do not receive prophylactic intervention, despite a possible
increased long-term fracture risk.

Pre-HSCT DXA examination can identify patients with osteope-
nia/osteoporosis, who may benefit from early interventions to pre-
vent or reverse HSCT-related bone loss.

The risk of renal dysfunction in patients receiving intravenous
zoledronic acid for osteoporosis is small. Transient increases in
serum creatinine are observed 9–11 days after zoledronic acid
infusion [24]. It is recommended that patients should be well-
hydrated and not receive agents known to adversely affect renal
function [25]. Zoledronic acid dosing pre-HSCT is best adminis-
tered prior to HSCT conditioning and GVHD prophylaxis.

Denosumab is a promising agent for prevention of bone loss in
HSCT patients. Inhibiting the immunomodulatory effect of RANKL
on both the innate and adaptive immune systems theoretically
could increase the risk of infection and/or disease relapse in HSCT
patients. For this reason, controlled clinical trials are required.

The proposed algorithm represents expert opinion, analogous to
similar algorithms created to aid clinicians in the management of
glucocorticoid-induced osteoporosis.
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