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Abstract

Background: There is a lack of prospective studies to address the issue of timing of bone mineral density (BMD)
measurement and anti-resorptive therapy before and after allogeneic hematopoietic cell transplantation (allo-
HCT), specifically in the younger population (age < 40 years). This study evaluated the incidence and risk factors
of poor BMD in young Indian patients undergoing allogeneic hematopoietic cell transplant and the effect of
anti-resorptive therapy in allogeneic transplant recipients who are at high risk for severe bone loss.

Methods: This was a single-center, prospective study conducted from 2016 to 2019. All patients aged > 12 years
undergoing allo-HCT were included in the study. Data regarding the risk factors for osteoporosis, underlying di-
agnoses, and HCT characteristics were recorded. BMD was measured by dual-energy X-ray absorptiometry (DXA)
(HOLOGIC Discovery A) at the lumbar spine (LS), femoral neck (FN), and total hip (TH) at pre-HCT, day+100, and
day+365 post-HCT. Patients with Z-score < -2 at day+100 were given one dose (4 mg) of intravenous zoledro-
nate. Patients with moderate to severe chronic graft-versus-host disease (GVHD) also received a dose of zoledro-
nate if they had not received it earlier.

Results: The median age of our cohort was 24 years (IQR 18.5 — 39.5). Day+100 DXA was available for 25
(54.3%) patients, a paired day+100, and day+365 DXA was available for 15 patients. For pre-HCT, a Z-score < -2
was seen in 30% of patients. For day+100 post-HCT, a Z-score < -2 was seen in 44% of patients. Low body mass
index was associated with a Z-score < -2 (median 18 vs. 23 kg/m?, P = 0.04). Despite a single dose of zoledronate
in this cohort, the median A BMD (day+365 - day+100) loss at FN and LS was -0.8% to -3.7%, respectively. Seven
(64%) of these patients also had moderate-severe chronic GVHD.

Conclusions: BMD below the expected range for age (Z-score < -2) was present in one-third of young Indian pa-
tients undergoing allo-HCT in this single center study. Without intervention, up to half of the patients had a z-
score < -2 at day+100 post-HCT. BMD loss at day+100 persisted at day+365 despite anti-resorptive therapy.
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Introduction

The American Society for Transplantation and Cellu-
lar Therapy (ASTCT) expert panel opinion has recently
updated their guidance on the management of bone
health after hematopoietic cell transplantation (HCT)
based on evidence derived from retrospective HCT
studies, results extrapolated from prospective studies in
non-HCT settings, and societal guidelines'. They advise

BMD measurement pre-HCT in patients with high-risk
factors and at 3-months post-HCT if measurement is
not done pre-HCT'. As per the previous recommenda-
tion, dual-energy X-ray absorptiometry (DXA) was
done at 1-year post-transplant and at earlier time points
in patients with GVHD and steroid use’. These recom-
mendations were based on observations that suggested
that nadir bone mineral density (BMD) loss occurred at
six months to one year*. However, a few studies have
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indicated that BMD loss may occur earlier than six
months and as early as three months post-HCT*’. Re-
cently, the International Osteoporosis Foundation Work-
ing Group on Cancer and Bone Disease also recom-
mended DXA at 3-months post-HCT’. Although there is
an evolving consensus on when to do DXA scans, there
is no consensus on the timing for pharmacologic inter-
vention based on T-score/Z-score cutoffs or percentage
BMD loss in the younger population (age < 40 years)
in the post-HCT setting™. The ASTCT guidance pro-
poses starting pharmacologic therapy in those < 40-
years of age receiving prednisone equivalent doses of >
7.5 mg/day for = 6 months and either exhibiting fragil-
ity fractures, Z-score < -3.0, or 10% BMD loss over a
year'. The Indian population has a lower BMD com-
pared to the Caucasian population’. The prevalence of
osteoporosis is also higher in the Indian population
compared to other ethnicities’. India’s only cross-
sectional study showed that femoral neck BMD was
significantly lower than age, gender, and body mass
index-matched controls beyond 2-years post HCT". The
primary objective of this study was to prospectively
evaluate the incidence of low BMD and the affecting
factors at pre-HCT, day+100, and one-year post HCT in
young Indian patients undergoing allogeneic HCT. The
secondary objective was to evaluate the effect of ad-
ministration of anti-resorptive therapy in patients who
were at a high risk of developing accelerated bone loss
in the post-HCT period.

Patients and Methods

This was a single-center, prospective study conducted
from 2016 to 2019.

Inclusion criteria: All patients above the age of 12
years undergoing allogeneic transplantation were in-
cluded in this study. Patients were eligible regardless of
the basic diagnosis, donor source, or intensity of the
conditioning regimen.

Ethical considerations: The study was approved by
the Institutional Ethics Committee, and written in-
formed consent was obtained from all study partici-
pants.

Objectives of the study: (1) to study the incidence
and risk factors for low BMD (Z-score =< -2, below the
expected range for age) in a cohort of young Indian pa-
tients pre-and post-HCT and (2) to study if anti-
resorptive therapy in patients with a Z-score = -2 at
day+100 or patients with moderate-severe chronic graft
versus host disease (GVHD) could recover early BMD
loss at one-year.

BMD measurement: BMD was measured by DXA
using the HOLOGIC Discovery A machine in accor-
dance with the manufacturer recommendations and In-
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ternational Society for Clinical Densitometry (ISCD)
guidance'. BMD was measured at the lumbar spine
(LS), femoral neck (FN), and total hip (TH). Quality
control assessments were done every day using an in-
ternal calibration step and an external anthropomorphic
spine phantom scan according to the manufacturer’s
recommendations. As most patients in our cohort were
pre-menopausal women and men aged <50-years, we
used Z-score cutoffs of -2.0 or lower to define ‘below
the expected range for age’ as per the recently updated
ISCD adult official position”, rather than the World
Health Organization (WHO) T-score cutoffs for os-
teopenia or osteoporosis”. The DXA scan was done se-
rially around day+100 and day+365. Starting from
2019, the patients also had an additional DXA scan
pre-HCT.

Transplantation procedure: Detailed data about demo-
graphics, anthropometry, nutrition, and risk factors for
osteoporosis', underlying diagnoses, transplantation de-
tails, graft versus host disease (GVHD), endocrine, and
drugs that affect BMD were recorded. All patients re-
ceived cyclosporine as a part of GVHD prophylaxis. All
patients were prescribed supplemental calcium of 1,000
mg/day and vitamin D of 1,000 IU per day. In patients
with vitamin D levels less than 30 ng/mL at baseline or
anytime during follow-up, they were given a vitamin D
of 600,000 units stat dose under supervision. Patients
were counseled regarding maintaining a diet adequate
for caloric and protein intake and maintaining a life-
style that included weight-bearing exercises three times
a week.

Study interventions: Patients with Z-score = -2 at
day+100 were given one dose (4 mg) of intravenous
zoledronate. Patients diagnosed with moderate to severe
chronic GVHD received a single dose of zoledronate if
they had not received it earlier. Although this criterion
was chosen as a surrogate for receiving prolonged ster-
oids, the exact cumulative dose of steroid use was not
considered a criterion for administering zoledronate in-
jection’.

Statistical analysis: For statistical analysis, continuous
variables are expressed as median (interquartile range),
and categorical variables are expressed as proportions
(percentages). The two groups were compared by t-test
and chi-square test. A P < .05 was considered statisti-
cally significant.

Results

A total of 58 patients above 12 years underwent allo-
geneic HCT during the period 2016 - 2019. There were
12 deaths before day+100. DXA was available for 25
patients by day+100 (25/46, 54.3%). The median age
for our cohort was 24 years (IQR 18.5 — 39.5). Of the
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12 female patients in the cohort, only one was post-
menopausal at the time of transplant. Between day+100
and day+365, there were four more deaths, and DXA
was unavailable in six more patients. Therefore, paired
day+100 and day+365 DXA were available for 15 pa-
tients (15/21, 71.4%). Pre-HCT DXA was available for
another cohort of 20 patients.

BMD was below the expected range for age as
early as day+100 post-HCT

A total of 11 (44%) patients had Z-scores < -2.0 by
day+100. The median Z-scores at LS, FN, and TH in
this cohort of patients were -2.1, -2.2, and -1.5, respec-
tively, compared to -0.7, -0.5, and -0.5, respectively, in
the cohort with Z-scores within the expected range for
age. The median BMD was lowest at the FN, and this
was followed by TH and LS. The median BMD was
also significantly lower in the cohort with Z-score < -2
(0.607, 0.717, 0.810 gm/cmz, respectively) than it was
in patients in the cohort with Z-score > -2 (0.819,
0.937, 0.964 gm/cm’, respectively) (P < 0.01) (Table
1). While examining the two groups’ clinical variables
only BMI was significantly different between those
with Z-scores below and above -2 (median 18 vs. 23
kg/m’, P = 0.04). Age, gender, diagnosis, diagnosis to
transplant interval, donor source, high dose chemother-
apy before HCT, myeloablative conditioning regimen,
CD34 dose infused, vitamin D deficiency, acute GVHD
(grade 2-4 requiring systemic steroids), and hypogo-
nadism at day+100 were not significantly different be-
tween the two cohorts.

BMD loss at day+100 persisted at day+365 de-
spite anti-resorptive therapy

Patients with Z-score < -2.0 and patients with
moderate-severe chronic GVHD received a single dose
of intravenous zoledronate 4 mg once between day+100
and day+365 (70% vs. 36%, P = 0.007) (Table 1).
There were no major adverse events reported after zole-
dronate infusion. Despite the administration of Zoledro-
nate to high risk patients, the A BMD (day+365 - day+
100) had a median loss of -0.8% to -3.7% at FN and
LS, respectively, in the cohort with Z-score < -2.0
compared to loss of -2.3% to +4.6% in the cohort with
Z-score > -2.0 (P = 0.6). None of the patients had any
pathological fracture or additional bone health issues
within one-year post-HCT.

BMD loss was present even before HCT

A total of 6/20 (30%) patients had Z-scores < -2.0
pre-HCT. These patients had median Z-scores of -2.4, -
2.0, and -1.6 and BMD of 0.773, 0.679, and 0.803 at
LS, FN, and TH, respectively. The other cohort with
BMD within the expected range for age had Z-scores of

-0.2, 0.05, 0.0, and BMD of 1.047, 0.870, and 1.016,
respectively (Table 2). Again, low BMI (18.8 vs. 23.1
kg/m’, P = 0.02) was the only factor associated with
low BMD. The remaining factors were not significantly
different between the two cohorts.

Discussion

Few studies have looked at early BMD loss post-
HCT around day+100 and have reported an osteopenia
(T-score < -1 and > -2.5)/osteoporosis (T-score < -2.5)
at a combined rate of 48% to 68%°. Both of these
studies used the WHO definition for reporting BMD, as
they were published before the recent ISCD official po-
sition on reporting BMD in the younger population that
recommended the use of Z-scores”. The median age in
these studies was 41 years and 51 years, respectively.
Our cohort was much younger, with a median age of 24
years. Despite the differences in BMD terminology, pa-
tients in our cohort had a near equivalent incidence
(44%) of BMD below the expected range for age (Z-
score < -2). Only one of the above studies looked at
pre-HCT BMD and reported the prevalence of os-
teopenia/osteoporosis to be 53%°. In our study, 30% of
the patients had a Z-score < -2 pre-HCT. Our study
found that only low BMI was associated with a Z-score
< -2. Most other risk factors described previously to af-
fect BMD were not significant in our study, probably
due to the small number of patients '*'*. Given the high
prevalence of low BMD pre-HCT and at day+100 post-
HCT, we agree with the recent ASTCT and Interna-
tional Osteoporosis Foundation recommendations to
screen all patients undergoing allo-HCT with a DXA
scan at pre-HCT or at day+100 if not done pre-HCT"’
rather than restricting early screening to only patients
with GVHD and steroid use’.

While there is no consensus on the T-score cutoffs
for pharmacologic intervention when the T-score is < -1
and > -2.5, the International Osteoporosis Foundation
recommends a T-score < -1.5". In contrast, others rec-
ommend a T-score < -1 in patients with risk factors or
a high FRAX score’. Although ASTCT guidance pro-
poses pharmacologic therapy in patients < 40-years of
age receiving a prednisone equivalent dose of = 7.5
mg/day for = 6 months and either one of fragility frac-
tures or Z-score < -3.0 or 10% BMD loss over a year,
the evidence for this method is lacking'. In our study,
we gave zoledronate to patients with Z-scores < -2,
which are below the expected range for age or patients
with a risk factor of moderate-severe chronic GVHD
that requires prolonged corticosteroid therapy. However,
this approach could stop further BMD loss, and it could
not recover the early loss that occurred at day+100"°.
This suggests that some patients with ongoing risk fac-
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Table 1. Comparison of factors associated with Z-score below the expected range for age with
Z-scores within the expected range for age at day+100 post HCT

Characteristic Z £ -2 @day+100 Z > -2 @day+100 p value

n=11 n=14

n (%) / median (IQR) n (%) / median (IQR)
Age (years) 23.0 (19.0-36.0) 30.0 (17.7-44.0) 0.3
Gender 6 females (55%) 6 females (43%) 0.3

5 males (45%) 8 males (47%)
BMI (kg/m?) 18.0 (16.3-24.0) 23.0 (20.3-28.9) 0.04
Diagnosis
Acute leukemia 9 (82%) 10 (71%) 0.09
Aplastic anemia 2 (18%) 4 (29%)
Diagnosis to transplant interval (months) 23.0 (6.0-50.0) 7.0 (5.2-24.5) 0.2
High dose chemotherapy pre-HCT 8 (73%) 7 (50%) 0.4
Matched sibling donor 7 (64:/°) 8 (572@ 0.5
Alternative donor (Haploidentical/MUD) 4 (36%) 6 (43%)
CD34 infused X 106/kg 5.2 (3.1-7.1) 59 (5.1-7.7) 0.2
Conditioning intensity
MAC 7 (64%) 6 (43%) 0.4
RIC/NMA 4 (36%) 8 (57%)
Acute GVHD (grade 2-4) 5 (55%) 3 (21%) 0.4
Hypogonadism (@day+100) 8 (72%) 5 (36%) 0.1
Vitamin D deficiency (@day+100) 5 (45%) 10 (71%) 0.2
Corticosteroid use by day+100 7 (63%) 6 (43%) 0.3
BMD LS (day+100) (g/cm?) 0.81 (0.70-0.87) 0.96 (0.87-1.03) 0.003
BMD FN (day+100) (g/cm?) 0.60 (0.57-0.81) 0.82 (0.76-0.85) 0.04
BMD TH (day+100) (8/cm?) 0.72 (0.62-0.89) 0.94 (0.86-0.99) 0.01
Z-score LS (day+100) 2.1 (-2.8-1.9) -0.7 (-1.4--0.1) 0.0003
Z-score FN (day+100) 2.2 (-2.6--0.9) -0.5 (-0.8-0.2) 0.005
Z-score TH (day+100) -1.5 (-2.4--0.7) -0.5 (-0.9-0.1) 0.01
Chronic GVHD (moderate - severe) 7 (64%) 5 (35%) 0.2
Cumulative number of days > 1mg/kg/day 358 £ 15.6 21.8 £ 229 0.218
prednisone equivalent (Mean = SD) by one-year
Cumulative number of days > 7.5mg/day 205 = 76.13 157 £ 104 0.361
prednisone equivalent (Mean £ SD) by one-year
Zoledronate given between day+100 & +365 7/10 (70%) 4/11 (36%) 0.007
ABMD LS (day+365-day+100) % -3.7 (-14.0-9.3) 4.6 (0.7-8.3) 0.6
ABMD FN (day+365-day+100) % -0.8 (-8.0-1.3) -2.3 (-5.4-1.0) 0.9
ABMD TH (day+365-day+100) % -2.1 (-9.65-10.50) -1.9 (-8.7-4.5) 0.9

BMI, Body mass index; MAC, myeloablative conditioning; RIC, reduced-intensity conditioning; NMA, non-myeloabla-
tive GVHD, graft versus host disease; BMD, Bone mineral density; LS, lumbar spine; FN, femoral neck; TH, total hip

tors might be candidates for repeated anti-resorptive
therapy. The major limitations of our study are the
small sample size, the lack of serial pre-HCT and post-
HCT BMD, the use of HOLOGIC reference standards,
and missing data (due to deaths and unavailability of
DXA), which reflect real-world challenges in ensuring

adherence to bone health surveillance after HCT in
resource-limited settings®. Large prospective multicenter
studies are needed to fill the lacunae in understanding
the BMD loss post-HCT. While serial BMD testing
with bone turnover markers can be used to determine
the time to initiate therapy', only an RCT can address
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Table 2. Comparison of factors associated with Z-score below the expected range for age with
Z-scores within the expected range for age pre-HCT

Characteristic Z L -2 pre-HCT Z > -2 pre-HCT p value

n=6 n=14

n (%) / median (IQR) n (%) / median (IQR)
Age (years) 23.0 (17.0-37.0) 27.0 (23.0-40.0) 0.2
Gender 2 females (33%) 2 females (14%) 0.5

4 males (67 %) 12 males (86%)
BMI (kg/m?) 18.8 (15.8-22.3) 23.1 (21.7-25.9) 0.02
Diagnosis
Acute leukemia 5 (83%) 9 (64%) 0.6
Aplastic anemia 1 (17%) 4 (29%) + 1 PMF (7%)
Diagnosis to transplant interval (months) 20.5 (9.5-36.0) 22.5 (6.0-51.7) 0.9
High dose chemotherapy pre-transplant 5 (83%) 6 (43%) 0.1
Vitamin D deficiency 5 (83%) 12 (86%) 0.7
BMD LS (g/cm?) 0.773 (0.724-0.834) 1.047 (0.950-1.123) 0.0008
BMD FN (g/cm?) 0.679 (0.603-0.766) 0.870 (0.825-0.982) 0.001
BMD TH (g8/cm?) 0.803 (0.663-0.867) 1.016 (0.962-1.051) 0.001
Z-score LS -2.4 (-2.9--1.8) -0.2 (-0.9-0.3) 0.001
Z-score FN -2.0 (-2.3--0.5) 0.05 (-0.3-0.8) 0.003
Z-score TH -1.6 (-2.4--0.6) 0.0 (-0.2-0.4) 0.002

BMI, Body mass index; BMD, Bone mineral density; LS, lumbar spine; FN, femoral neck; TH, total hip

the benefit of early intervention in the younger popula-
tion (CTRI/2019/04/018764). Until then, we propose
starting anti-resorptive therapy in young patients with a
Z-score < -2 and repeating a dose in those with ongo-
ing risk factors for bone loss.
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