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Abstract

Background: Approximately half of allogeneic hematopoietic cell transplantation (HCT) recipients experience
significant bone loss in the early post-HCT period. Only recently have international guidelines started recom-
mending early screening. However, the guidance for intervention remains conservative. In this study, we sought
to evaluate the efficacy of pre-transplant prophylactic zoledronate in preventing early bone loss in allogeneic
HCT recipients.

Methods: This was an open-label, investigator-initiated, phase 2 randomized controlled trial (RCT) of prophylac-
tic zoledronate versus observation to prevent bone loss in allogeneic HCT recipients. Recipients aged > 18 years
of age were included after informed consent and randomized to prophylactic zoledronate 4 mg pre-HCT or ob-
servation in a 1:1 ratio. The primary outcome of the study was bone mineral density (BMD) loss at the femoral
neck (FN), total hip (TH), and lumbar spine (LS), as assessed using dual-energy X-ray absorptiometry (DXA) on
day+100 post-HCT. The secondary outcomes included BMD loss on day+365 and Z scores on day+100 and day+
365 at the FN, TH, and LS sites.

Results: The trial was terminated because the interim analysis showed a significant benefit in the intervention
arm, with 50% planned recruitment. A total of 40 patients were randomized to the zoledronate and control
arms. Both arms were matched for age, sex, diagnosis, pre-HCT steroid exposure, body mass index, human leu-
kocyte antigen (HLA) match, and conditioning intensity. The grade 2-4 acute graft versus host disease (GVHD)
incidences were comparable. The primary endpoint of BMD loss at FN and TH at day+100 was significant (5.62%
vs. -6.78%, p = 0.009, -1.59 vs. -3.98, p = 0.016, respectively). There was no difference in the secondary endpoint
of BMD loss on day+365 compared to that on day+100 or baseline at any BMD site. There was no difference in
the Z-scores at any site on day+100 or day+365.

Conclusions: Prophylactic zoledronate prevented early bone loss on day+100. The indicated preemptive zoledro-
nate beyond day+100 in recipients prevented further bone loss. Patients receiving prophylactic zoledronate may
benefit from a supplementary dose of the indicated preemptive zoledronate.
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Introduction

With a significant decrease in transplant-related mor-
tality due to advancements in transplantation techniques
and supportive care in allogeneic hematopoietic stem
cell transplantation (HCT), the number of long-term
survivors has greatly increased. Bone loss, in the form
of osteopenia and osteoporosis, is a significant long-
term complication of HCT. It can lead to a decreased
quality of life due to bone pain, limited mobility, and
fragility fractures. Approximately 50% of HCT survi-
vors develop osteopenia or osteoporosis within 6
months of transplantation'”,

Currently, there are limited guidelines for the screen-
ing, prevention, and management of post-HCT bone
loss* °. The American Society of Transplantation and
Cellular Therapy (ASTCT) and International Osteoporo-
sis Foundation guidelines recommend early screening of
all patients undergoing HCT with a dual X-ray absorp-
tiometry (DXA) scan pre-HCT or on day+100, rather
than the conventional practice of screening only patients
with GVHD and steroid use’. The International Osteo-
porosis Foundation recommends pharmacological inter-
vention if the T-score < -1.5°. The ASTCT guidance
proposes starting pharmacologic therapy in those < 40
years of age receiving prednisone equivalent dose of >
7.5 mg/day for > 6 months and either one of the fragil-
ity fractures or Z-score < -3.0 or 10% BMD loss over a
year’. There is little consensus and limited evidence for
these recommendations.

The use of prophylactic infusion of bisphosphonates
such as zoledronate to prevent bone loss has been well
established in patients with multiple myeloma, undergo-
ing autologous hematopoietic stem cell transplant, and
undergoing hormonal therapy for breast and prostate
malignancies. However, there is very scarce data on
prophylactic bisphosphonate use in allogeneic HCT set-
tings*”. We have previously shown that without inter-
vention, up to half of HCT recipients from our center
in North India have BMD below the expected range for
age (Z-score < -2) on day+100 post-HCT, and the low
BMD persists on day+365 despite anti-resorptive ther-
apy". Therefore, the current trial was designed to inves-
tigate the role of prophylactic pre-HCT zoledronate in
preventing early bone loss.

Methods

This open-label, investigator-initiated, phase 2 ran-
domized controlled trial (RCT) of prophylactic zoledro-
nate versus observation to prevent bone loss in HCT re-
cipients (Clinical trials registry of India CTRI/2019/04/
018764) was conducted in a tertiary care center in India
from January 2019 to December 2022. The study was
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performed according to the Consolidated Standards of
Reporting Trials (Supplementary Table 1) and the
Declaration of Helsinki, and was approved by the insti-
tutional ethics committee (letter no. NK/5036/DM).
This trial was halted for slow accrual and terminated as
the pre-planned interim analysis, after 50% of the
planned sample size was recruited, showed a significant
benefit in the intervention arm.

Study population

Adult patients (age = 18 years) who underwent HCT
for any indication were included in the trial. Patients
with eGFR < 30 mL/min, history of hypersensitivity to
bisphosphonates, dental extraction within the past 4
weeks, and pre-existing metabolic bone disease (defined
as patients with osteoporosis (T score < -2.5) were ex-
cluded.

Study procedure

One author assessed the patients for study eligibility
(DPL). Another author (NSK) was involved in patient
randomization, study drug administration, and post-
HCT follow-up. Patients were randomly assigned (1:1)
to either the zoledronate or the observation arm using a
computer-generated sequence.

The BMD of the patients was recorded using DXA
with the HOLOGIC Discovery A machine according to
the manufacturer’s recommendations and the Interna-
tional Society for Clinical Densitometry (ISCD) guid-
ance”. BMD was measured in the lumbar spine (LS),
femoral neck (FN), and total hip (TH) at baseline be-
fore randomization and on day+100 and day+365.

Study intervention

Nutritional counselling for calcium and vitamin D in-
take, pharmacological vitamin D supplementation to
maintain levels >30 ng/mL, and counselling for regular
weight-bearing exercises three times/week were consid-
ered the standard of care and were offered to all pa-
tients in the study.

Participants randomized to the zoledronate arm re-
ceived 4 mg of zoledronate (Intas Pharmaceuticals Lim-
ited. Amdavad, India) as an intravenous infusion in 100
mL of normal saline over fifteen minutes. We planned
to use a standard renal dose modification for patients
with reduced eGFR (60 to 30 mL/min). The partici-
pants underwent HCT according to the treating physi-
cian and departmental protocols within 30 days of ran-
domization.

As per protocol, patients in the control arm received
zoledronate infusion beyond day+100 in the follow-up
period if they fulfilled the criteria of accelerated bone
loss: i) =25% ABMD loss on day+100 or, ii) received
systemic steroids at a dose of =21 mg/kg prednisolone
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Figure 1. Consort diagram of the study

(or equivalent) for =2 weeks or at a dose of 210 mg/
day prednisolone (or equivalent) for 26 weeks. No ad-
ditional zoledronate infusions were administered to pa-
tients in the zoledronate arm until day+365.

Outcomes

The primary outcome was the change in BMD (A
BMD) on day+100 post-HCT at the femoral neck (FN),
lumbar spine (LS), and total hip (TH). The secondary
outcomes were A BMD on day+365 and change in Z
scores on day+100 and day+365 at all three sites (TH,
LS, FN).

Statistical Analysis

Estimating A BMD on day+100 as -6% in the control
arm and -2% in the zoledronate arm based on the avail-
able literature, a sample size of 50 would provide an o
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of 0.05 and power of 80%. Considering an enrollment
rate of 80% and attrition due to dropout/transplant-
related mortality of 15%, we planned a sample size of
74 patients. The interim analysis was preplanned after
50% recruitment. All analyses were performed using
intention-to-treat analysis. Continuous variables were
expressed as medians with interquartile ranges. Cate-
gorical variables were expressed as percentages. Com-
parisons between groups were performed using t-tests.
Statistical significance was set at p < 0.05. All statisti-
cal analyses were performed using GraphPad Prism
Version 9.

Results

The CONSORT flow diagram for this study is shown
in Figure 1. Forty-nine patients were screened for eligi-
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Table 1. Baseline characteristics of the study participants (n=40)

Zoledronate arm Control arm
Characteristic (n=20) (n=20) p-value
n (%)/median (IQR) n (%)/median (IQR)

Age (years) 26.5 (21.5-34.2) 31 (23 - 39.7) 0.4
Males 17 (85) 15 (75) 0.7
Female 3(15) 5 (25)
Acute leukaemia 12 (60) 11 (55) 1.0

Aplastic anemia 5 (25) 4 (20)

Myeloproliferative neoplasm 3 (15) 4 (20)

Lymphoma 0 (0) 1 (5)
Body mass index (kg/m?) 21.1 23.1 0.2
Donor
MSD/MUD 13 (65) 12 (60) 1.0
Haploidentical donor 7 (35) 8 (40)
Myeloablative conditioning 13 (65) 11 (55) 1.0
Reduced-intensity conditioning 7 (35) 9 (45)
GVHD Prophylaxis
CSA-MTX (for MSD/MUD) 13 (65) 12 (60) 1.0
PTCY-MMF-CSA (for Haplo) 7 (35) 8 (40)
Acute GVHD (grade 2-4) 5 (25) 7 (35) 0.7
BMD LS DO 0.929 (0.893 - 1.047) 0.988 (0.926 - 1.076) 0.4

BMD FN DO 0.851 (0.692 - 0.945) 0.852(0.822-0.936) 0.4
BMD TH DO 0.922 (0.807 - 1.046) 0.980 (0.905 - 1.056) 0.2
Z score LS DO -1.2(-1.8--0.15) -0.9 (-1.15-0.05) 0.1
Z score FN DO -0.4 (-1.25-0.4) 0.1 (-0.6 - 0.65) 0.2
Z score TH DO -0.6 (-1.15-0.15) 0(-0.5-0.4) 0.06

IQR: interquartile range, MSD: matched sibling donor, MUD: matched unrelated donor, GVHD: graft
versus host disease, CSA: cyclosporine, MTX: methotrexate, PTCY: post-transplant cyclophosphamide,
MMF: mycophenolate mofetil, BMD: bone mineral density, LS: lumbar spine, FN: femoral neck, TH: to-

tal hip

bility during the study period. Five patients (10.2%)
were excluded because of pre-existing osteoporosis and
four declined to participate. The remaining 40 patients
were equally randomized into the zoledronate and con-
trol arms. The baseline characteristics of the study par-
ticipants are presented in Table 1. Both arms were
well-matched for demographic and transplant variables.
The most common indication for HCT was acute leuke-
mia. The grade 2-4 acute GVHD incidences were also
comparable. Eight patients died or relapsed before the
day+100 assessments.

Primary Outcome

There was a significant difference in A BMD at FN
on day+100 between the zoledronate and control arm,
with a difference of 12.4% (5.62% vs. -6.78%, p =
0.009). The ABMD (D100-0) at TH was also signifi-
cantly higher in the control arm (-1.59 vs -3.98, p =
0.016). However, the ABMD (D100-0) at LS was not
different (0 vs -0.51, p = 0.2).

Secondary Outcomes
There were no differences in the absolute Z-scores at

the three sites on day+100 between the arms. Eight pa-
tients in the zoledronate arm and five in the control arm
had chronic GVHD. Five patients in the control arm re-
ceived zoledronate infusion beyond day+100 for accel-
erated bone loss. The median age of these five patients
was 36 years, which was higher than that of the rest of
the observational cohort. Three patients had an underly-
ing diagnosis of acute lymphoblastic leukemia (ALL),
one had acute myeloid leukemia (AML), and one had
chronic myeloid leukemia (CML). Three patients re-
ceived TBI-based myeloablative conditioning, and the
other two received reduced-intensity conditioning. Ta-
ble 2 highlights the BMD loss at LS, FN, and TH at
day+365 (ABMD D365-0) and (ABMD D365-100) and
the Z-scores at the three sites at day+365. There was no
difference in the secondary endpoint of BMD loss on
day+365 compared to that on day+100 or baseline at
any BMD site. There were no significant differences in
Z-scores on day+365 at the three sites.

Safety outcomes
Five adverse events were noted in the zoledronate
arm, of which 2 were grade 1 toxicities and 3 were



Blood Cell Therapy-The official journal of APBMT-

prophylactic zoledronate pre-HCT

Table 2. Change in BMD and Z-scores among study participants at day+100/+365 post-HCT

Zoledronate arm Control arm
Characteristic (n=20) (n=20) p-value

n (%)/median (IQR)/mean (£=SD) n (%)/median (IQR)/mean (£SD)
Primary Outcome
ABMD LS (D100-DO) % 0 (-0.75 - 4.61) -0.51 (-4.41 - 1.68) 0.2
ABMD FN (D100-D0) % 5.62 (-5.6 - 22.36) -6.78 (-11.91 - -2.44) 0.009
ABMD TH (D100-DO) % -1.59 (-2.7 - 11.39) -3.98 (-10.29 - -1.91) 0.016
Secondary Outcomes
Z-score LS D100 -1.05 (-1.83--0.2) -0.95 (-1.3--0.1) 0.5
Z-score FN D100 -0.1 (-1.75 - 0.45) -0.3 (-0.9 - 0.15) 0.7
Z-score TH D100 -0.25(-1.42 - 0.25) 0(-0.7-0.2) 0.4
Patients surviving beyond D365 12 (60) 12 (60) 1.0
Chronic GVHD (Moderate-severe) 8 (40) 5 (25) 0.5
Zoledronate between D100 & D365 1 (5) 5 (25) 0.1
ABMD LS (D365-D100) % 24 (-39-84) 1.5(-21-5.9) 0.8
ABMD FN (D365-D100) % -4.3 (-9.9 - 2.5) -1.7 (-4.4 - 5.6) 0.5
ABMD TH (D365-D100) % -59(-8.8--0.3) -1.4(-89-27) 0.5
Z-score LS D365 -1.1 (-1.7 - -0.1) -09 (-1.1 - 0.15) 0.6
Z-score FN D365 -0.7 (-1.9--0.1) -0.8 (-1.05 - 0.05) 0.6
Z-score TH D365 -1 (-1.8--0.3) -0.6 (-0.9 - -0.3) 0.5
ABMD LS (D365-DO0) % 3.0 (-6.05 - 12.67) 1.2 (-1.69 - 2.67) 0.6
ABMD FN (D365-D0) % 3.4 (-13.27 - 8.69) -4.9 (-11.06 - 5.72) 0.4
ABMD TH (D365-D0) % 2.9 (-9.64 - 1.83) -7.9(-13.41-0) 0.4

IQR: interquartile range, GVHD: graft versus host disease, BMD: bone mineral density, LS: lumbar spine, FN: femoral neck, TH: to-

tal hip, A: change

grade 2 toxicities. The two patients with grade 1 toxic-
ity had mild, asymptomatic hypocalcemia in the imme-
diate post-injection period and were managed with oral
and intravenous calcium supplementation. Three pa-
tients with grade 2 toxicities developed fever, myalgia,
and flu-like symptoms for 24-48 hours after zoledronate
infusion. In 2 patients, conditioning had to be post-
poned by 3 and 4 days because of post-zoledronate fe-
ver. None of the patients in the study required any renal
modification of zoledronate.

Discussion

Loss of BMD and its consequences of fragility frac-
tures and poor quality of life are well-known late con-
sequences of HCT. The cause of this complication is
multifactorial and includes the effects of preexisting
malignancy and chemotherapy, direct effects of condi-
tioning on osteoblasts, deranged calcium and vitamin D
metabolism, malabsorption, use of corticosteroids, and
hormonal deficiencies as the key causes™'. This late ef-
fect of transplantation is especially important in the In-
dian subcontinent, which has a high prevalence of poor
nutrition, vitamin D deficiency, and poor bone health.
We have previously shown that almost one-third of all
patients undergoing HCT in our center have BMD be-
low the expected range for age (Z-score <2), which

further rises to 50% of day100 survivors”. Despite this,
there is no consensus regarding the optimal screening
and management strategy or prophylactic strategy for
preserving bone health in patients undergoing HCT. We
designed this trial to investigate the efficacy of prophy-
lactic zoledronate in preventing early bone loss in trans-
plant recipients.

An important finding of our study was the significant
prevalence of low BMD even before transplantation.
Five of the 49 patients (10.2%) screened had pre-
transplant T-scores less than -2.5, at the FN and LS and
had to be excluded from the trial.

Most longitudinal studies evaluating long-term bone
loss post-HCT suggest that a steep decline in BMD oc-
curs in the initial 6-12 months, followed by a slow,
gradual, but frequently incomplete recovery"*"”. Nonspe-
cific interventions such as calcium and vitamin D sup-
plementation and sex hormone replacement are inade-
quate preventive measures against post-HCT bone
loss” ' . Bisphosphonates are analogs of pyrophosphate
that can chelate divalent cations, concentrate at sites of
active bone remodeling, and prevent bone resorption by
decreasing the dissolution of hydroxyapatite in the bone
and inducing apoptosis in activated osteoclasts. They
are approved for the treatment and prevention of osteo-
porosis, tumor-induced osteolysis, and hypercalcemia of
malignancy and for reducing the incidence of skeletal-



related events in multiple myeloma™®. With extensive

clinical experience in multiple settings for bone health
improvement, bisphosphonates are the drugs most often
studied to prevent HCT-related bone loss® *.

There have been several prospective trials, including
seven randomized controlled trials, on the use of
bisphosphonates in allogeneic HCT, which have been
reviewed in detail elsewhere®”. The studies typically in-
volve a post-transplant pre-emptive strategy, with a few
studies® "' including an additional prophylactic pretrans-
plant bisphosphonate in addition to post-transplant
bisphosphonate. Initial trials examined pamidronate pre-
and post-HCT at 1-3-month intervals and reported
benefits in preventing bone loss in patients with lumbar
spine LS™". Later studies investigated the effect of zole-
dronate, as it has well-established pharmacological su-
periority over pamidronate”. The first prospective
single-arm study using 3-monthly zoledronate post-
HCT reported a benefit in femoral neck bone loss at 12
months post-HCT". Grigg et al. conducted a trial using
a pre-HCT zoledronate dose in addition to several post-
transplant doses in a single-arm trial design. They
showed an improvement in BMD compared to the his-
torical control cohorts''. The pre-transplant strategy was
investigated by Hari et al. in an RCT using both pre-
and post-HCT zoledronate. This study was terminated
prematurely due to slow recruitment’. However, whether
prophylactic single-dose pre-HCT zoledronate can pre-
vent early bone loss (3 months) had remained unan-
swered.

In the current study, among the patients included in
the trial, pre-HCT zoledronate significantly improved
BMD at the FN and prevented bone loss at the TH on
day+100. The initial gain in bone density at the FN and
TH in the intervention arm was nullified by an in-
creased loss of bone density at either site between day+
100 and day+365. As shown in Table 2, the median
loss of bone density at the FN and TH was greater in
the intervention arm than in the control arm. This fur-
ther emphasized the need for additional post-HCT zole-
dronate doses to prevent continued post-HCT bone loss.

Our observation that the pattern of bone loss pre-
dominantly affects the FN and TH, with relative sparing
of the LS site, conforms to prior observations™ *. Lon-
gitudinal studies on transplantation have shown that
bone loss after transplantation predominantly affects the
proximal femur, an effect that is most pronounced early
(D100)™" after transplantation, but can persist even
later (D365)”. It has been thought that the younger age
of patients and probable effects of underlying diseases
and transplant procedures cause this differential pattern
of bone loss as compared to postmenopausal bone loss
that predominantly affects the spine".

Although our study successfully demonstrated the

Blood Cell Therapy-The official journal of APBMT-

role of zoledronate in preventing early bone loss in pa-
tients with HCT, it has many limitations. The prevailing
COVID-19-related pandemic slowed study enrolment,
and the study procedures had to be modified to include
a pre-planned interim analysis due to the futility of the
continuation of the study. Another limitation of the
study protocol was the lack of additional zoledronate in
the intervention arm, despite the indications. This strat-
egy was adopted to avoid the confounding effects of
prophylactic pre-HCT versus preemptive post-HCT
zoledronate on secondary outcomes. The data on bone
turnover markers and steroid dosages in both arms were
lacking. Due to inherent logistical limitations requiring
several years of follow-up, it was not possible to meas-
ure clinically relevant endpoints, such as cross-sectional
imaging for fragility fractures, measurement of loss of
vertebral spine height, or quantification of bone health-
related quality of life parameters.

In conclusion, the administration of a single dose of
4 mg zoledronate before HCT effectively prevented
early bone loss by day+100 post-HCT. Indicated pre-
emptive zoledronate beyond day+100 in recipients for
steroid exposure in chronic GVHD or = 5% BMD loss
prevents further losses. Those receiving prophylactic
zoledronate may receive additional benefits from a sup-
plementary dose of the indicated preemptive zoledro-
nate. Whether this translates into clinically meaningful
outcomes, such as a reduction in the incidence of osteo-
porosis or fragility fractures on long-term follow-up,
needs to be determined; however, it may be challenging
to study these as part of clinical trials.
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