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Abstract

Pediatric allogeneic hematopoietic stem cell transplant (AHSCT) recipients with chronic graft-
versus-host disease (cGVHD) are at high risk of endocrinopathies, particularly impaired bone
mineral density (BMD). However, rates of BMD impairment in pediatric AHSCT recipients with
cGVHD have not been well documented. We describe 33 patients with cGVHD that were referred
to the NIH for the Natural History of Clinical and Biological Factors Determining Outcomes in
Chronic Graft-Versus-Host Disease Study (NCT 0092235) and underwent formal BMD
assessments via dual-energy X-ray absorptiometry (DEXA). Not surprisingly, we found much
higher rates of BMD impairment than previously reported for pediatric AHSCT recipients who
were not stratified by presence or absence of cGVHD. Most of these patients, 73%, had a z-score
<-2 in at least one anatomical site. While we expected the rate to be higher than that observed for
pediatric AHSCT recipients on studies that did not analyze cGVHD patients separately, the rate
was nonetheless extremely high. Furthermore, the overall rate of occult vertebral compression
fractures (VCF) in our cohort was 17%, and 23% in patients with at least one z-score of < -2. The
rates of BMD impairment and VVCF in our pediatric cohort were significantly higher than those of
the adult AHSCT recipients that were concurrently enrolled on the same study at the NIH and had
similar cGVHD severity. We found that older age at cGVHD diagnosis and greater number of
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systemic therapies were associated with occult VCF. Also, intensity of current immunosuppression
negatively impacted lumbar spine and total hip BMD in this cohort. Our study, while limited by
small patient numbers and lack of a control AHSCT recipient group without cGVHD, indicates
that children with cGVHD are at a greater risk for BMD impairment than previously appreciated.
Given the rising incidence of cGVHD in AHSCT recipients and our findings, we recommend that
pre-AHSCT DEXA be incorporated into routine pediatric pre-transplant screening studies. Having
a baseline DEXA study could facilitate longitudinal monitoring of BMD in children who may be
more susceptible to negative effects of AHSCT on BMD than adults. Also, given the high risk of
BMD impairment in pediatric AHSCT recipients with cGVHD, such patients should undergo
BMD evaluations upon developing cGVHD and continue to be monitored thereafter to allow
intervention prior to progression of the BMD impairment to its severe manifestation, VCF.

Introduction

Allogeneic hematopoietic stem cell transplantation (AHSCT) has the potential to cure
hematologic malignancies, as well as inherited and acquired disorders of hematopoietic
cells4. A significant proportion of AHSCTSs are being performed in childrenl 5. Due to
reductions is early transplant-related mortality (TRM), there is an increasing number of
long-term survivors of AHSCT, who are at risk for a multitude of late effects®: 2 4.6, For
pediatric AHSCT recipients, in particular, late-effects have a significant impact on quality of
life (QOL) because AHSCT may interrupt growth and development, which may not resume
in the post-AHSCT period®: 79, Furthermore, children should have a long life-expectancy,
hence the burden of morbidity from a chronic condition, such as cGVHD, could be greater
for a pediatric AHSCT recipient. Chronic graft-versus disease (cGVHD) is a major cause of
non-relapse mortality following AHSCT, for both adult and pediatric patients?. While the
incidence of cGVHD in pediatric AHSCT recipients is lower compared to adult AHSCT
recipients, up to 50% of children undergoing AHSCT are affected, but actual rates of
cGVHD incidence in the pediatric setting are estimated since most studies of AHSCT do not
report pediatric data separately3. Overall, combined adult and pediatric, cGVHD prevalence
is high due to a multitude of factors, including wide use of unrelated donors and peripheral
blood-derived stem cells?: 2,

Chronic GVHD, a highly inflammatory state of immune dysregulation, and the
immunosuppressive regiments used to treat this condition, can cause damage to many organ
systems?. First-line treatment for cGVHD continues to be systemic corticosteroids, with
duration of therapy frequently extending to several years, often combined with calcineurin
inhibitors. While both therapies have been shown to have deleterious effects on bone health
in children and adults* 1011, the negative impact on bone health can be further enhanced
during certain developmental periods of childhood and adolescence, such as puberty’. Peak
bone mass in adulthood is largely dependent on appropriate BMD gain during childhood;
thus, disruptions to this process may have long-lasting effects®: °.

The negative effects of systemic corticosteroids on bone density are multifactorial, with the
primary insult on bone formation12-14. This is caused by a reduction in the number of
osteoblasts, which is mediated via increased apoptosis of existing osteoblasts coupled with

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buxbaum et al.

Methods

Patients

Page 3

reduced osteoblast replication and pre-cursor differentiation. Moreover, corticosteroids
interfere with osteoblast function by inhibiting osteoblast gene transcription.
Glucocorticoids also promote bone resorption by enhancing osteoclast activity. Additionally,
systemic corticosteroids promote renal excretion of calcium and lead to decreased calcium
absorption in the gastrointestinal tract. In combination, these processes lead to decreased
bone mass12-14,

Although children with cGVHD are likely to have high rates of impaired BMD the
prevalence of BMD impairment in this patient population is not known. Current guidelines
for monitoring bone-related late effects following AHSCT for children do not include
separate recommendations for patients with cGVHD. The recommendations for all AHSCT
recipients include dual-energy x-ray absorptiometry or quantitative computed tomography
one year following transplantation® 1°. In addition, all AHSCT survivors, adults and
children, are encouraged to have adequate calcium and vitamin D intake* 15, Endocrine
consultations are advised for children with BMD z-scores more than 2 standard deviations
below the mean for age and for those with fractures'®. Pediatric cGVHD patients would be
expected to have additional risk factors for impaired bone health, given associated chronic
inflammation, long-term use of corticosteroids and calcineurin inhibitors, nutritional and
gastrointestinal complications of cGVHD, pubertal delays, poor growth, and decreased
physical activity®. Based on our clinical experience with moderate and severe cGVHD, we
hypothesized that this subset of pediatric cGVHD patients, would have higher rates of BMD
impairment than previously suspected, and would be at high risk for occult vertebral
compression fractures (VCFs). In this descriptive study, we aimed to measure this cohort's
rate of BMD impairment, as well as investigate clinical features associated with BMD
impairment and/or VCF.

A total of 47 pediatric patients between the ages of 2 to 19 years were enrolled on the
Natural History Study of Clinical and Biological Factors Determining Outcomes in Chronic
Graft-Versus-Host Disease (NCT 00092235) between February 2005 and June 2016. This
study was conducted at the National Cancer Institute (NCI), National Institutes of Health
(NIH) and was approved by the NCI Institutional Review Board (IRB). Most the patients
were referred to the NIH by their extramural primary transplant team for advice and
guidance on management of challenging cGVHD manifestations16. Witnessed, signed
informed parental or guardian consent, along with patient assent were obtained prior to
study enrollment.

During the week-long participation in this cross-sectional study, patients underwent a multi-
disciplinary cGVHD evaluation by a transplant physician, ophthalmologist, dermatologist,
dentist, psychologist, physiatrist, occupational therapist, and pain and palliative care
specialist, with some patients having a pediatric endocrinology consultation. Organ
involvement with cGVHD was assessed and graded per the NIH cGVVHD consensus
criterial6. 17,
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Of 47 patients, 8 did not undergo bone mineral density (BMD) evaluation by dual-energy X-
ray absorptiometry (DEXA) due to age (<8 years old), 1 was excluded due to recent contrast
administration for a clinically indicated diagnostic computerized tomography (CT) scan, 1
patient missed the DEXA appointment, which could not be re-scheduled within the week-
long study period, and 4 had a recent DEXA's performed at an outside institution or at the
NIH, but more than 3 months from the time of the cGVHD Natural History Study
evaluation. The latter were excluded from BMD assessments because scans were performed
on different equipment, and for the one patient who had a scan performed at the NIH, the
clinical cGVHD scoring was not performed in temporal proximity to the scan. BMD was
evaluated via DEXA at four anatomical sites, including lumbar spine, femoral neck, total
hip, and forearm. As previously stated, patients 8 years and older were scheduled for the
scan; however, there were 6 patients younger than 8 years old that were able to undergo
DEXA, as they were able to comply with non-sedated imaging. Thus, data on 33 pediatric
patients (age range of 3 to 18 years, mean age 11.5+ 5.0) with DEXA scan measurements
were further analyzed with regard to BMD, Figure 1. cGVHD, chronic graft-versus-host
disease; BMD, bone mineral density; DEXA, Dual-Energy X-ray Absorptiometry; VCR,
vertebral compression fracture.

Clinical Data Collection

Patient data obtained during the weeklong enrollment in the Natural History Study were
recorded in the NIH Clinical Center electronic medical record (EMR). Standard
demographic data, age and ethnicity, were collected, Table 1.

Available patient records from referring institutions were reviewed and summarized, and
included the following parameters: date of HSCT, indication for HSCT (primary disease),
disease status at HSCT, conditioning regimen (non-myeloablative versus myeloablative),
whether total body irradiation was used in the conditioning regimen, stem cell source, donor
relationship and gender, and degree of HLA match between host and donor, Table 2. Outside
records were also reviewed for history of acute GVHD, cGVHD classification (classic,
overlap, or late acute), age at cGVHD diagnosis, duration of cGVHD, and number of prior
systemic therapies, Table 3. At the time of evaluation at the NIH, the following information
was assessed: intensity of current immunosuppression, current prednisone/prednisone
equivalent dose, and past and current calcineurin inhibitor therapy, Table 3. Clinical cGVHD
scoringl6: 18.19 was performed during the patient's visit to the NIH and included, sum of
NIH organ scores for skin, mouth, eyes, Gl tract, liver, lungs, joints and fascia, and genital
tract in female patients, average NIH organ score, NIH global severity score, chronic GVHD
activity assessment, and performance status (Karnofsky for patients 16 years of age and
older and Lansky for patients younger than 16 years old)2%: 21, Table 3. Biochemical data,
specific to the hypothesis of this study, were collected: serum 25-OH Vitamin D, 1,25-(0OH),
Vitamin D, and ionized calcium, the data on the former two are provided in Table 1.
Information regarding pubertal staging was documented according to the methods of
Marshall and Tanner?2 on patients with a pediatric endocrine clinic evaluation (n=33)23: 24,
Table 1. The presence or absence of back pain and history of fractures at the time of
diagnosis were recorded.

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2019 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buxbaum et al.

Page 5

Height for each patient was measured by a pediatric nurse using a regularly calibrated
stadiometer. Measurements were obtained three times, and the average was recorded in the
EMR. Weight was determined using either a digital or mechanical scale. Body mass index
(BMI) was expressed as body weight in kilograms divided by the square of height in meters
(kg/m?2) as a weight-for-height index and was converted to percentiles and corresponding z-
scores by using age- and gender-specific normative values for US children>, Table 1.

Bone Densitometry

DEXA scans were performed on a single densitometer. Areal (two-dimensional) bone
density was quantified by DEXA using a Hologic Discovery A scanner [Hologic Inc.,
Bedford, MA]. Bone mineral density (g/cm2) measurements were obtained in the anterior-
posterior direction at the lumbar spine (LS, L1-L4), total hip, femoral neck and one-third
distal radius using Hologic machines QDR 4500, Delphi, and Discovery A. Pediatric
normative data were used to calculate age-, gender-, and height-adjusted z-scores, using the
Bone Mineral Density in Childhood Study (BMDCS) calculator?4. We defined low bone
mineral density for age as BMD z-score of < -2 SD according to the guidelines established
by the International Society for Clinical Densitometry24. As previously stated, clinical and
anthropometric data were obtained at the time of the DEXA examination, Table 1.

Vertebral Morphometry

Multichannel body CT scans obtained to evaluate pulmonary and visceral manifestations of
cGVHD were available for 29 patients. Sagittal reformatted images obtained from these
scans were retrospectively reviewed for the presence and grade of vertebral compression
fractures (VCFs) by a single radiologist blinded to the details of the patients' clinical and
laboratory data and detailed history. VCF assessment was performed on the T4 through L4
vertebral bodies according to the Genant semi-quantitative method?®. The Genant semi-
quantitative method includes grading of vertebral bodies according to the extent of the
difference in height ratios from 100% when the anterior vertebral height is compared to the
posterior height (defined as a wedge fracture), the middle height to the posterior height
(biconcave fracture), and the posterior height to the posterior height of the adjacent vertebral
bodies (crush fracture) according to the following severity score: grade 0 (hormal), grade 1
(mild), grade 2 (moderate), and grade 3 (severe)26-28, The scores corresponded to the
following reduction in vertebral height ratios: Grade 0: 20% or less; Grade 1: >20 to 25%;
Grade 2: > 25 to 40%: Grade 3: >40%. Grade 0 was considered to be normal while grades 1,
2, or 3 were consistent with presence of fracture, Figure 2.

Variables Assessed and Statistical Analysis

Data for BMD z-score at the four different sites (lumbar spine, femoral neck, total hip, and
forearm) were obtained and described, Figure 3. Impaired BMD was defined as the presence
of a z-score < -2 at any site (n=22) versus BMD greater than -2 for all sites and none missing
(n=8). Three patients with DEXA measurement in only one site with BMD >-2 could not be
included in this classification. For additional secondary analyses, impaired BMD was
defined a second way: the presence of a z-score < -2 in at least two sites (n=12), versus
BMD < -2 in only one site or none of the four sites without any missing (n=16). A total of
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five patients with a DEXA measurement for only one anatomical site (two with BMD <-2
and the others with BMD >-2) could not be classified per this latter definition.

Patients were grouped three ways for comparisons: a) impaired BMD versus not (both
definitions), b) presence of vertebral compression fracture (n=5) vs not (n=24), and c) no
impaired BMD (n=8) vs presence of VCF (n=5).

Data were reported as frequencies and percentages, or means * standard deviations, unless
otherwise noted. Comparisons on the following variables were carried out between these
patient groups, as applicable: cGVHD global NIH severity score, intensity of
immunosuppression, TBI conditioning, age at cGVHD diagnosis, duration of cGVHD,
number of systemic therapies, prior or current calcineurin inhibitor therapy, serum 25-OH
Vitamin D level, puberty state, and body mass index (BMI) z-score. Categorical data were
compared using the Fisher's exact test, and if singly-ordered, using the Kruskal-Wallis test.
Continuous data were assessed for their distributional assumptions, and compared by the
two-sample t-test. Correlations between certain clinical characteristics and BMD z-scores
were done using Pearson's correlation coefficients. A two-sided p-value < 0.05 was
considered statistically significant. While corrections for multiple comparisons were not
carried out in this descriptive and exploratory study, 95% Confidence Intervals (Cls) were
reported where statistically significant results were observed. Data were analyzed using SAS
v9.4 (SAS Institute, Inc., Cary, NC).

Patient Characteristics

Demographic and clinical characteristics of the 33 pediatric patients with cGVHD evaluated
for bone mineral density impairments are described in Tables 1-3.

Bone Mineral Density Impairments

In the pediatric cGVHD patients with DEXA scans (age range 3 to 18 years old), only 27%
(n=8) of patients had no impairment in BMD at any site as measured by DEXA, with 73%
(n=22) of patients having at least one site involved, and 39% having 3 to 4 sites affected.
The most common sites of BMD impairment were the femoral neck and total hip, with 54%
(n=15) and 48% (n=13), respectively, with of all the patients having a z-score< -2 at these
sites. The forearm was affected in 37% (n=10) of patients, and lumbar spine was affected in
28% (n=9) of patients. Overall, the entire cohort of pediatric cGVHD patients evaluated on
our study had low BMD z-scores at the four evaluated sites, with femoral neck and total hip
having lower z-score means compared to the other two sites (albeit not statistically
significant), Figure 3.

In our cohort, the overall VCF rate for patients that had an evaluable DEXA and scout X-ray
was 17% (5 out of 29), and 23% of patients with at least one site with z-score <-2 by DEXA
(5 out of 22) were found to have an occult VCF, Figure 2. These fractures were scored by
severity according to corresponding reduction in vertebral height ratios: two patients with
Grade 1 (20 to 25%), and three patients with Grade 2 (25 to 40%). The mean duration of
cGVHD preceding detection of vertebral fractures for these patients was 2.7 + 0.7 years,
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ranging from 1.9 to 3.6 years. In all five of these patients, at least one site had a BMD z-
score < -2. Two of five patients with an occult VCF had impaired lumbar spine BMD and at
least two other sites were affected. None of the patients in our cohort, with and without
impaired BMD, had a known history of fracture at the time of enrollment on study. In
addition, occult VCF's were not associated with back pain or scoliosis. Only two patients
(out of 33) received bisphosphonates prior to study entry. One of these patients had a z-score
< -2 at all four sites, and the other patient had impaired BMD at three sites with available
DEXA data; there were no occult vertebral compression fractures detected during the study
evaluation. No occult vertebral fractures were found in the six patients without BMD
impairment.

Twenty-one (64%) patients included in this analysis had an NIH global severity score of 3
(maximum), with slightly but consistently higher proportions among patients with either
type of BMD impairment or vertebral fractures (range 73%-100%). Generally, a majority of
the patients with BMD impairment or vertebral compression factures (range 59%-80%) were
on high intensity systemic immune-suppression (more than two agents with or without
systemic corticosteroids). These observations, however, were not statistically different
between the cohorts.

Older age at cGVHD diagnosis (13.5 years, 95% CI: 11.9, 15.1) and more systemic
therapies (7.4, 95% CI: 5.1, 9.7) were associated with occult vertebral fractures, compared to
patients without fractures (9.2 years, 95% CI: 7.0, 11.5; p=0.0018 for age, and 4.3, 95% CI:
3.2, 5.4; p=0.0148 for systemic therapies) or those without BMD impairment (7.8 years,
95% ClI: 4.3, 11.4; p=0.0066 for age, and 4.3, 95% CI: 2.1, 6.5; p=0.0335 for systemic
therapies). An inverse correlation was observed between intensity of immunosuppression
and lumbar spine (r,=-0.48, 95% CI: -0.53, 0.13; p=0.005) and total hip (r,=-0.41, 95% ClI:
-0.50, 0.17; p=0.030) BMD z-scores, suggesting that patients with higher intensity of
immunosuppression tended to have worse BMD z-scores at these sites. We did not find
statistically significant differences between patients with any or at least two sites of impaired
BMD compared to patients with one or no sites of BMD impairment for other relevant
clinical parameters such as TBI conditioning, age at cGVHD diagnosis, duration of cGVHD,
number of systemic therapies, prior or current calcineurin inhibitor therapy, serum 25-
hydroxyergocalciferol (25-OH Vitamin D) level (Figure 4A), pubertal state, and BMI z-
score. Approximately one half of the patients enrolled on our study had mild to moderate
Vitamin D deficiency (25-OH Vitamin D level 11-32 ug/ml) and 12% had severe deficiency
(25-OH Vitamin D level 10 ug/ml and lower). 25-OH Vitamin D level did not differ between
patients with or without VCF. Approximately half of the patients on our study were on
Vitamin D supplementation at the time of the evaluation.

Discussion

As hypothesized, BMD impairments in the pediatric cGVHD patients on our study appear to
be more severe and more prevalent than previously reported in pediatric HSCT

recipients8: 10. 15, 29-31 particularly those without cGVHD.* 9 15 For instance, in a study
that evaluated bisphosphonate therapy for pediatric AHSCT recipients with low BMD, the
approximate rate of osteopenia (z-score -1 to -2.4) and osteoporosis (z-score <2.5)10,
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combined, was approximately 60%. In another pediatric study, rate of osteopenia post-
AHSCT as defined by a z-score < -1 at the lumbar spine (one site) was approximately
40%3L, In our cohort, 88% of patients had a z-score < -1 in at least one site. Also, of the four
patients with z-scores greater than -1, only one had a z-score available at more than one site;
thus, the rate of any patient on our study having a z-score better than -1 at more than one
anatomical site could be as low as 3% (1/33). In the former study, two sites were evaluated
by DEXA, in the latter - one site, while in our study four anatomical sites were imaged. This
could in part explain the higher prevalence of BMD impairment observed in our group
compared to others; but, also suggests that that rate of BMD impairment in children with
cGVHD may have been previously underestimated.

Adult transplant recipients receiving high-dose systemic corticosteroids for
immunosuppression can develop substantial bone loss within months of transplantation32.
Similarly, the use of systemic corticosteroids has been strongly linked to BMD impairment
in pediatric AHSCT recipients® 10. 15 When comparing our pediatric versus adult cGVHD
cohort (concurrently enrolled on the same study) we observed a higher rate of significant
BMD impairment, with DEXA z-score <-2 at three sites in 39% of pediatric versus17% of
adult patients, despite both groups having a similarly high prevalence of severe cGVHD33,
Pediatric AHSCT recipients are particularly vulnerable to bone health impairments. Prior
clinical studies showed that AHSCT recipients under the age of 20 at the time of transplant
are at a greater risk for BMD impairment than older recipients®: 3. Major acquisition of
BMD occurs in the first decade of life in healthy children. The greatest bone density accrual
takes place during adolescence, and peak trabecular bone mass is typically attained before
age 20 in both girls and boys3®. Perhaps, this provides an explanation for our finding that
“older age” (pubertal) at the time of cGVHD diagnosis was correlated with presence of
VCF. Not surprisingly, in our patient cohort, the femoral neck, a site rich in trabecular bone,
was the most frequently affected location, consistent with what has been reported in adult
patients with cGVHD# 12. 33,36 Also, corticosteroids have been shown to exert greater
effects on trabecular than cortical bone, which could provide another reason for the observed
BMD impairment pattern observed in AHSCT recipients on our study and others13: 37,

When comparing our pediatric cGVHD cohort to another pediatric cohort on chronic
immunosuppression and persistent systemic inflammation, such as inflammatory bowel
disease (IBD), patients on our study appear to have a greater BMD impairment. For instance,
in a pediatric Crohn's disease cohort, ~15% of patients were found to have a z-score <-2 by
DEXA in both lumbar spine and femoral neck38. In our cohort, 26% of patients had a score
<-2 at both sites. In IBD, malnutrition, decreased calcium and vitamin D absorption,
systemic inflammation, delayed puberty, and prolonged corticosteroids are the known insults
to bone health. These risk factors are common to both, IBD and cGVHD. However, pediatric
cGVHD patients often have additional detrimental exposures contributing to impaired BMD,
including TBI conditioning and calcineurin inhibitor exposure®: 1530, Importantly, all the
patients on our study had received systemic calcineurin inhibitor therapy in the post AHSCT
period. Furthermore, patients on our study receiving more systemic therapies, indicative of
difficult to manage cGVHD, were found to have greater BMD impairments, i.e. higher
incidence of VCF. Additional bone health insults from cGVHD itself, an inflammatory
process, would be expected for patients with an already significant risk for BMD impairment
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associated with AHSCT alonel- 4 10; however, to our knowledge, this study is the first to
specifically examine the rate of BMD impairment in pediatric cGVHD.

It is possible that the rates of BMD impairment measured on our study are higher than those
in pediatric cGVHD patients treated at other centers given referral bias to our center for
severe cGVHD. However, our study does indicate that pediatric patients with moderate to
severe cGVHD are at an extremely high risk for BMD impairment. We found an alarmingly
high occult VVCF rate in our patient cohort. Glucocorticoid administration plays a critical
role in the development of vertebral fractures, and as described, patients on our study had
uniformly been exposed to systemic corticosteroids for extended periods. In our cohort, 23%
of patients with at least one site with z-score <-2 by DEXA we found to have an occult VVCF.
It has been recently recognized that children with chronic diseases sustain vertebral fractures
more often that previously suspected. Although vertebral fractures in children have been
found to correlate with back pain, the majority, up to 70% with vertebral fractures in the
setting of glucocorticoid treatment are asymptomatic, without back pain complaints nor
known traumatic incidence history39. Of note, none of the patients on our study reported
back pain at the time of evaluation. Therefore, surveillance for BMD impairments and
VCFs, which can be expected to be asymptomatic, in children with cGVHD is prudent.

There are several limitations to our study. For instance, lateral thoracolumbar spine
radiographs26, which are the preferred imaging modality for evaluating compression
fractures of vertebral bodies, were not obtained. Also, in adults, bone densitometry is
validated for predicting risk of fracture; however, there is no consensus for applying the
same parameters to predict or manage fracture risk in children®. Reduced BMD in children,
as measured by DEXA, has been previously associated with increased fracture risk in
otherwise healthy children*1-43; but pediatric patients with chronic health conditions, such as
patients on our study, often have pubertal and growth delays, and other risk factors, which
are known to impact BMD independently24 27: 40, Prior studies of BMD impairment in
chronically ill children have been limited by small patient size, heterogeneity of clinical
diagnoses, and presence of multiple risk factors for poor bone health, which, again, could
not be evaluated independently#. Hence, DEXA z-scores alone are not typically used to
establish the diagnosis of osteoporosis in children, and there are no widely agreed upon
guidelines for establishing such a diagnosis in the pediatric setting?4 27: 43, Nonetheless, in
our study, occult VCFs were detected only in children with impaired BMD in at least one
site by DEXA. Given the lack of longitudinal assessment of BMD we were unable to
determine the length of time that elapsed between the occurrence of occult VVCFs prior to
their incidental detection. The latter is of significance for ALL survivors whose rates of VCF
in adulthood are approximately 20%, a decade post ALL treatment*4. Additionally, previous
studies in ALL patients identified a high rate of VCF at diagnosis due to acute effects of the
leukemic process on bone. It is, therefore, plausible that in our cohort the VCFs could pre-
date AHSCT, as three of the patients with VCF (3 out of 5) had ALL or AML as a primary
indication for BMT (bone marrow transplantation). Also, ALL survivors are known to be at
high risk for BMD impairment likely due to long term corticosteroid exposure, as treatment
for ALL, and over half of the patients on our study were transplanted for leukemia.
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Additional limitations of our study were that our sample sizes were small for most
comparisons and confirmatory studies will be of value. Also, our study lacked a control
cohort of age-matched pediatric AHSCT recipients without cGVHD. This could explain why
other important known risk factors for BMD impairment, such as TBI conditioning, age at
AHSCT, exposure to high dose corticosteroids, calcineurin inhibitor use, etc.1®, were not
statistically comparable within our patient cohort, which was almost uniformly composed of
patients with moderate to severe cGVHD and could not be further substratified. We could
not overcome this limitation due to the nature of the referral pattern for our study.

The prevalence of mild to moderate Vitamin D deficiency (25-OH Vitamin D level 11-32
ug/ml) and severe deficiency (25-OH Vitamin D level 10 ug/ml and lower) we observed in
patients on our study were similar to other pediatric AHSCT cohorts#>: 46, albeit patients on
our study were mostly evaluated outside of the immediate post-AHSCT window?® (3.5 years
post AHSCT on average) and approximately half of the patients on our study were on
Vitamin D supplementation at the time of the evaluation. Preventative measures to maintain
adequate BMD include ensuring adequate calcium and vitamin D stores, encouraging
regular weight-bearing physical activity, and identifying and treating hypogonadism?. It is
well known that untreated hypogonadism results in reduced BMD?8. There were four
patients in our study who had hypogonadism, but were not on hormonal replacement. Three
of them were boys, age 15-16, for whom optimal linear growth had not been achieved, hence
the delay in initiation of treatment for hypogonadism. Nonetheless, the effect of
hypogonadism on bone density for these patients was likely limited, given the short duration
of low testosterone levels, than that of osteoporosis resulting from aging and hypogonadism
several years in duration. For one female patient with hypogonadism (age 18), hormone
replacement was attempted and resulted in worsening clinical status, and was thus
discontinued.

A number of randomized controlled trials (RCTs) of bisphosphonates have been shown to
prevent bone loss in adults after alloHCT49-54; however, no RCTs have evaluated
bisphosphonates in children to prevent or treat impaired bone density after HCT®°. If a child
has a fragility fracture in the setting of a z-score < -2, especially with compromised quality
of life and/or pain, bisphosphonate therapy may be considered; however, the optimal
duration of therapy, frequency of administration, and type of bisphosphonate to be used are
not established®®. A Cochrane review evaluating bisphosphonate therapy for children with
secondary osteoporosis concluded that data are not currently adequate to justify these drugs
as a standard therapy®’. Bisphosphonates have been linked to rare but serious adverse events,
including sub-trochanteric femoral fractures and osteonecrosis of the jaw®°8, Thus,
bisphosphonate use in children remains controversial due lack of long term safety and
efficacy data; and, further clinical studies are needed. As an alternative to bisphosphonates, a
number of pharmacologic therapies have been used in the magagement of osteoporis in
adults, including terapatide (recombinant parathyroid homeone), raloxifen (selective
estrogen receptor modulator), romosozumab (monoclonal anti-sclerostin antibody), and
denosumab (monoclonal antibody agaist RANKL)>% 60 While these agents have been
shown to improve BMD in adults, they have not beem systematically studied in children.
Denosumab has been used in a small number of pediatric patients with impaired BMD, such
as osteogeneisis imperfecta, with resultant increases in BMD measurements without serious
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adverse events®l. Furthermore, a clinical trial to test whether denosumab can prevent bone
complications in children receiving AHSCT is forthcoming®2.

To summarize, our study is, to our knowledge, the first to specifically evaluate BMD
impairment in pediatric patients with cGVHD. These patients were predominantly graded as
having moderate to severe cGVHD. Our findings indicate that the rates of BMD impairment
in pediatric cGVHD patients are high and that current recommendations for identifying and
managing these morbidities may need to be altered. For future prospective studies it would
be prudent to capture BMD impairment before progression to its most severe sequela - VCF.
Monitoring of BMD is the first step in clarifying how BMD impairments develop, which
may allow the development of effective treatments. On our study, we were unable to
determine when VCF occurred, as our patients did not have a pre-BMT nor post-BMT
DEXA scans that predated detection of VCF. The pediatric AHSCT community should
consider including a pre-AHSCT DEXA or quantitative CT scan (for those who are unable
to undergo DEXA without sedation) for pediatric patients undergoing AHSCT. Such
imaging could be included in the standard pre-BMT work-up and would be concordant with
the recommendations of the International Society of Clinical Densitometry for other
conditions associated with impaired BMDS3. In addition, the amount of radiation exposure
from a DEXA scan in young adults is similar to those of adults resulting in exposures that
are a fraction of that delivered by a standard chest X ray, in smaller children it is similar to
the latter®4; and, sedation for DEXA can be avoided in most pediatric patients, as was the
case on our study. Pre-BMT imaging would be of particular importance for patients with
ALL and AML as the primary indication for AHSCT due to rates of BMD impairment in
this group even without AHSCT being very high and potential presence of VCFs that could
predate AHSCT. Current bone health recommendations advise BMD evaluation with either
DEXA or quantitative CT at one year after transplant for all pediatric AHSCT recipients,
with endocrine consultation for children with BMD z-score greater than two standard
deviations below the mean for agel®. In our cohort, one in five such patients, i.e. BMD z-
score <-2 by DEXA in one site, already had a VVCF at the time of the first post-BMT DEXA.
Thus, we recommend that patients with cGVHD, who are at a greater risk of BMD
impairment compared to other pediatric AHSCT recipients, should undergo a DEXA scan
and be seen by an endocrinologist upon the initial diagnosis of cGVHD.
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Highlights
. Children with cGVHD are at a greater risk for BMD impairment than
previously appreciated.
. Over 70% of patients in our cohort had a DEXA z-score <-2 in at least one
anatomical site.
. The overall rate of occult vertebral compression fracture was ~20% in our
study.
. We recommend that pediatric patients undergo a BMD evaluation at the onset
of cGVHD.

. A pre-BMT DEXA for pediatric patients can allow understanding of the
trajectory of BMD impairment.
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Figure 1.
Flow diagram of pediatric cGVHD patients enrolled on study, who underwent a BMD

assessment and spine X-ray.
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Figure 2.
Examples of VCFs (vertebral compression fractures) observed in our patient cohort. (A) CT

of the lateral thorax of a 13-year-old female patient shows Genant grade 2 vertebral
compression fracture in T7 vertebra (white arrow) with 33% reduction in anterior height.
Note the irregularity of the spinal vertebral end plates. (B) CT of the lateral thorax of a 16-
year-old male patient shows Genant grade 1 vertebral compression fracture in T8 vertebra
(white arrow), with 23% reduction in anterior height. Anterior wedging in also noted in T5
and T11 vertebrae (black arrow heads). Note diffuse osteopenia of the spine.
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Figure 3.
A Box-and-Whiskers plot of the entire pediatric chronic graft-versus-host disease (cGVHD)

cohort's bone mineral density (BMD) z-scores measured via dual-energy X-ray
absorptiometry (DEXA) obtained at each anatomical site; spine, femoral neck, total hip, and
forearm. The lengths of the boxes represent the interquartile ranges (25" and 75t
percentiles] for each site, the symbols inside the boxes represent the group means, the
horizontal line inside the boxes represents the group median z-score, and the vertical lines
extending from the boxes are minimum and maximum values for each group.
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Table 1

Demographic and clinical characteristics of pediatric cGVHD patients at the time of study entry.

Patient characteristics (n = 33, unless otherwise noted)

Female / Male 10 (30.3%) / 23 (69.7%)
Age at DEXA, years 11.5+£5.0
Race (n=32)

Asian 2 (6.3%)

Black/African 2 (6.3%)

White 27 (84.4%)

Other/Multiple race 1(3.1%)
Ethnicity (n=30)

Latino or Hispanic 4 (13.3%)

Non-Latino or Hispanic 26 (86.7%)
Pubertal

Hypogonadism present and treated 2 (6.1%)

Hypogonadism present and untreated 4 (12.1%)

No hypogonadism 5 (15.1%)
Pre-Pubertal 22 (66.7%)
BMI 18.3+4.6
BMI z-score (n=31)

<2 7 (22.6%)

between -1 and -2 4 (12.9%)

>1 20 (64.5%)
Serum 25-OH Vitamin D Level

Normal (33 ug/ml and above) 13 (39.4%)

Mild to moderate deficiency (11-32 ng/ml) 16 (48.5%)
Severe deficiency (10 ug/ml and lower) 4 (12.1%)
Serum 1,25-(OH), Vitamin D Level (pg/ml) 59.4 +25.3

Vitamin D Supplementation
Yes 16 (48.5%)
No 17 (51.5%)

Data are presented as mean + standard deviation or number of patients (% of cohort). Percentages may not add up 100% due to rounding.
DEXA, Dual-Energy X-ray Absorptiometry; BMI, Body Mass Index.
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Table 2

Transplant characteristics of pediatric patients evaluated on study

Characteristic, n=33 unless otherwise noted

Primary Disease Characteristics
ALL, AML and MDS
HL
Immunodeficiency

Other non-malignant

Disease status at HSCT for those with malignancies (n=32)

Remission
Persistent Disease
Conditioning Regimen
Non-myeloablative
Myeloablative
TBI used in conditioning
Unknown
Stem Cell Source
Bone Marrow
Peripheral Blood Stem Cells
Cord Blood
Donor Relationship
Related
Unrelated
Donor Gender (n=25)
Female, female recipient
Female, male recipient
HLA match
Matched

Mismatched

23 (69.7%)
1(3.0%)

6 (18.2%)
3 (9.1%)

30 (93.8%)
2 (6.3%)

5 (15.6%)
27 (84.4%)
13 (40.6%)
1(3.0%)

18 (54.6%)
8 (24.2%)
7 (21.2%)

12 (36.4%)
21 (63.6%)

4 (16.0%)
9 (36.0%)

17 (51.5%)
16 (48.5%)

Data are presented as number of patients (% of cohort). Percentages may not add up 100% due to rounding.
ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; MDS myleodysplastic syndrome; HL, Hodgkin lymphoma; HSCT,
hematopoietic stem cell transplant; HLA, Human Leukocyte Antigen.
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Table 3

Characteristic, n=33 unless otherwise noted

History of acute GVHD
Yes
No
cGVHD Classification (n=32)
Classic
Overlap
Late acute
cGVHD Onset (n=31)
Progressive
Quiescent
De novo
Age at cGVHD diagnosis, years
Duration of cGVHD, days
Number of prior systemic therapies for treatment of cGVHD
Intensity of current immunosuppression, number of therapies
Current prednisone/prednisone equivalent dose (mg/kg)
Calcineurin Inhibitor Therapy
Past Systemic
Past Topical
Current Systemic
Current Topical
Sum of NIH organ scores
Average NIH organ scores
NIH Global severity score
Mild
Moderate
Severe
cGVHD Activity Assessment (n=30)
Active, irrespective of treatment
Inactive, off treatment
Inactive, on treatment

Performance status

29 (87.9%)
4 (12.1%)

21 (65.6%)
7 (21.9%)
4 (12.5%)

21 (67.7%)

7 (22.6%)
3(9.7%)
92454
1027.3 + 1093.5
47425
29+12

0.38+ 0.63

33 (100.0%)
10 (30.3%)
17 (51.5%)
9 (27.3%)
6.4+4.2
0.9+06

1 (3.0%)
9 (27.3%)
21 (63.6%)

21 (70.0%)
2 (6.7%)

7 (23.3%)
80.4+14.0

Data are presented as mean + standard deviation or number of patients (% of cohort). Percentages may not add up 100% due to rounding.
Performance status (Karnofsky for patients 16 years of age and older and Lansky for patients younger than 16 years old).
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