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Abstract

The NIH Chronic Graft-versus-Host Disease (cGVHD) Consensus Project Ancillary and
Supportive Care Guidelines recommend annual assessment of bone mineral density (BMD) to
monitor bone health. The study of osteoporosis in patients with cGVHD has been limited to small
numbers of patients and the guidelines are based on experiences in other chronic diseases and
expert opinion. We hypothesized that the prevalence of osteoporosis is high in a cohort of 258
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patients with moderate to severe cGVHD due to prolonged exposure to risk factors for
osteoporosis after allogeneic hematopoietic stem cell transplantation. We defined osteoporosis
using BMD criteria (T-score < -2.5) at three anatomical sites (femoral neck — FN, lumbar spine —
LS, total hip — TH) and characterized risk factors through univariate and multivariate analyses. We
found that low body weight (FN p<0.0001, LS p=0.0002, TH p<0.0001), malnutrition (FN
p=0.0002, LS p=0.03, TH p=0.0076), higher platelet count (FN p=0.0065, TH p=0.0025), higher
average NIH organ score (FN p=0.038), higher prednisone dose (LS p=0.032), lower complement
component 3 (LS p=0.0073), and physical inactivity (FN p=0.01) were associated with
osteoporosis in one or more site. T-scores were significantly lower in the FN than in the other two
sites (p<0.0001 for both). The prevalence of osteoporosis and osteopenia was high (17% and 60%,
respectively), supporting current recommendations for frequent monitoring of BMD. The
association of higher platelet count in cGVHD patients with osteoporosis has not been previously
reported and presents a new area of interest in the study of osteoporosis after allogeneic
hematopoietic stem cell transplantation.
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Introduction

Improvements in the safety and efficacy of allogeneic hematopoietic stem cell
transplantation (allo-HSCT) have resulted in an increased number of long-term survivors
along with the need to identify and treat late complications that arise in this unique group of
patients. Chronic Graft-versus-Host Disease (cGVHD) is a common cause of morbidity and
non-relapse mortality in long-term survivors of allo-HSCT with an estimated incidence of
30-70% (1, 2). It is characterized by donor-derived lymphocyte infiltration and immune
reaction against host tissues causing significant symptom burden and functional impairment
among patients recovering from allo-HSCT (1-4).

Osteoporosis is another significant source of morbidity in patients after allo-HSCT (5). It is
a disease process in which rapid resorption and subsequent loss of bone density takes place
in the first 1-2 years after transplant with recovery occurring in some, but not all, affected
anatomical sites (6-10). Contributing factors include myeloablative conditioning, secondary
hypogonadism, abnormal metabolism of calcium and vitamin D, reduced mobility, and use
of immunosuppressive medications such as glucocorticoids and calcineurin inhibitors (6,
11-14). These last two drug classes are associated with altered metabolism and absorption of
calcium, phosphate, and vitamin D, and trabecular bone loss at the spine and femoral neck
(6, 13-17). In addition, hyponatremia, an emerging contributor to osteoporosis, has been
reported after allo-HSCT (18-20).

Bone loss is an immune-mediated process in which several cytokines create an imbalance
between bone resorption and bone formation via a pathway of the receptor activator of
nuclear factor-xB, its ligand, and osteoprotegerin (21). After allo-HSCT, patients experience
a number of immunological processes including cytokine storm and GVHD which may
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contribute to the development of osteoporosis (22). It is of particular concern to patients and
clinicians due to the painful and debilitating fractures that can lead to reduced mobility and
quality of life (5). A recent retrospective analysis of over 3,500 allo-HSCT recipients found
that 5% experienced a fracture during a median post-transplant follow-up period of 85
months (23).

The NIH Chronic GVHD Consensus Project Ancillary and Supportive Care Guidelines
recommend annual monitoring of BMD, calcium, and vitamin D level (24). Anti-resorptive
therapy is suggested for patients with BMD-derived T-score below -1.5 and referral to an
endocrinologist is recommended for evaluation and treatment of secondary endocrine
causes. These guidelines for osteoporosis are based on experiences in other diseases and
expert opinion. Prior studies addressing osteoporosis in allo-HSCT have found the following
associations of GVHD-related variables with osteoporosis: cumulative dose of
glucocorticoids and calcineurin inhibitors, duration of therapy with glucocorticoids and
calcineurin inhibitors, severe acute GVHD, any cGVHD, and cGVHD severity (7, 8, 11, 13,
14, 22, 25-27).

The aim of this study was to determine the prevalence of osteoporosis in a large, well-
annotated cohort of patients with moderate and severe cGVHD as defined by NIH criteria,
and to identify possible risk factors and correlates. We hypothesized that patients who are
more severely affected by cGVHD are also predisposed to osteoporosis due to increased
exposure to risk factors such as immune dysregulation, secondary hypogonadism, reduced
mobility, and prolonged use of immunosuppressive therapy. Given this hypothesis, we
expected a high prevalence of osteoporosis in this population.

Methods

Patients

Patients were enrolled on the National Institutes of Health protocol entitled “Factors
Determining Outcomes in Patients with Graft-versus-Host Disease” (NCT00092235), a
National Cancer Institute IRB-approved cross-sectional study in which patients provided
written consent to undergo a 1-week comprehensive multidisciplinary evaluation. Patients
were seen by subspecialists in dentistry, dermatology, gynecology, ophthalmology, pain and
palliative care, rehabilitation medicine, and transplant clinicians and assessed using the NIH
cGVHD diagnostic and staging system (28-30). In addition to collecting demographic,
laboratory, and histopathology data, patients underwent dual-energy X-ray absorptiometry
(DEXA) to determine BMD at the femoral neck, lumbar spine, and total hip.

337 patients were enrolled in this protocol from October 2004 to June 2014. For the
purposes of this study, 79 patients were excluded for the following reasons: adult patients
without DEXA (n=30), pediatric patients (n=27), patients who were not diagnosed with
cGVHD at evaluation or who failed to complete the study (n=14), and patients whose DEXA
yielded insufficient data (no T-score likely due to artifacts in scans; n=8), resulting in a study
population of 258 patients.
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Outcomes and Variables

DEXA was performed using Hologic scanners Delphi (n=174), Discovery C (n=74), and
QDR4500 (n=10). BMD values at each anatomical site were converted to T-scores by
comparison to a race and gender-matched reference population of healthy young adults
using manufacturer databases. Osteoporosis was defined using World Health Organization
criteria in which T-score of -2.5 or below indicates osteoporosis, T-score between -2.5 and
-1.0 indicates osteopenia, and T-score of -1.0 or above is normal (31). Patients, regardless of
age or gender, were divided into two groups, osteoporosis and non-osteoporosis, at each
location based on their T-scores and potential risk factors for osteoporosis were compared
between the two. Patients with osteopenia were placed in the non-osteoporosis group.

Potential risk factors for osteoporosis in this study were classic risk factors for osteoporosis
such as age, sex, body weight, malnutrition (assessed using the Patient-Generated Subjective
Global Assessment (PG-SGA) malnutrition screening tool recommended by the American
Society of Parenteral and Enteral Nutrition (ASPEN)), physical inactivity (assessed using
the PG-SGA activities and function evaluation), serum 25-hydroxyvitamin D deficiency,
hypocalcemia, hyponatremia, hypogonadism (assessed using serum levels of estradiol,
follicle stimulating hormone, luteinizing hormone, and testosterone), hyperparathyroidism,
thyroid dysfunction, history of alcohol consumption (yes vs. no; self-reported current or
prior alcohol consumption of any frequency or duration), history of cigarette smoking (yes
vs. no; self-reported current or prior smoking of any frequency or duration), current use of
selective serotonin reuptake inhibitors (SSRIs; yes vs. no), and current use of proton-pump
inhibitors (PPIs; yes vs. no) (32-34).

In the risk factor analysis we also considered transplant characteristics including total body
irradiation (yes vs. no), intensity of conditioning (myeloablative vs. non-myeloablative/
reduced intensity conditioning), HLA match (match vs. mismatch), donor relationship
(related vs. unrelated), indication for allo-HSCT, and time since transplant.

Finally, we considered a number of variables that reflected cGVHD activity and severity
including NIH global score, individual NIH organ scores, average NIH organ score (sum of
all NIH organ scores divided by number of organs assessed; 7 for males, 8 for females) (29),
time since diagnosis of cGVHD, body surface area of deep and superficial sclerotic skin
involvement, serum markers of inflammation (platelet count, complement component 3
(C3), complement component 4, C-reactive protein (CRP), and albumin), number of prior
systemic immunosuppressive therapies for cGVHD, intensity of current immunosuppression
(defined per Mitchell et al (4) as none, mild = single-agent prednisone <0.5mg/kg/day,
moderate = prednisone = 0.5mg/kg/day and/or any single agent/modality, and high = 2 or
more agents/modalities + prednisone = 0.5mg/kg/day), and current systemic glucocorticoid
dose converted to equivalent prednisone dose.

Statistical Analysis

Separate statistical analyses were conducted for each of the three anatomical sites at which
BMD was assessed. For evaluation of factors associated with osteoporosis, continuous
parameters were compared between the two groups using an exact Wilcoxon rank sum test.
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Fisher's exact test was used to compare dichotomous parameters, Mehta's modification to
Fisher's exact test was used to compare categorical parameters, and a Cochran-Armitage test
for trend was used to compare ordered categorical parameters (35, 36). Once factors were
identified as being potentially associated with osteoporosis in a given site, multiple logistic
regression analysis using backward selection was used to identify which factors may
potentially be jointly predictive of osteoporosis.

To determine factors associated with continuous raw T-scores in the three sites, Spearman
correlation analysis was used to find the correlation between raw T-scores and continuous
parameters. The magnitude of the correlation coefficient was used to gauge the strength of
the correlation as follows: |r|>0.70 is strong correlation, 0.50<|r|<0.70 is moderately strong
correlation, 0.30<|r|<0.50 is weak to moderately strong correlation, and |r|<0.30 is weak
correlation. The association between raw T-scores and ordered categorical parameters was
evaluated using a Johnkheere-Terpstra trend test (37). The Kruskal-Wallis test was used to
find the association between categorical parameters and continuous T-scores, while an exact
Wilcoxon rank sum test was used if two groups were compared with respect to T-scores.
Once factors were identified as being potentially associated with raw T-scores at a given site,
the parameters were evaluated using linear regression with backward selection to try to
determine factors which may jointly be associated with raw T-scores.

All p-values are two-tailed and presented without any formal adjustment for multiple
comparisons. For the univariate screening analyses, in view of the large number of
parameters explored, only tests for which p<0.005 were considered to be statistically
significant while those for which 0.005<p<0.05 were considered to exhibit strong trends
towards statistical significance.

Results

Patient Characteristics

The study population consisted of 258 patients with a relatively even gender split (n=145
males, n=113 females) and a median age of 48 years (range, 20-71). The most frequent
indications for transplant were acute leukemia and myelodysplastic syndrome (n=117, 45%)
followed by lymphoma (n=58, 23%). Myeloablative conditioning was slightly more
common (n=138, 53%) than reduced intensity conditioning and just over a third of patients
received total body irradiation (n=92, 36%). Patients predominantly received peripheral
blood stem cells (n=216, 84%), usually from HLA-matched donors (n=221, 86%). 161
patients (62%) were related to their respective donors (Table 1).

Patients were diagnosed with cGVHD a median of 7 months (range, 2-267) after transplant
and were enrolled at a median of 23 months (range, 0-222) and 36 months (range, 4-297)
after cGVHD diagnosis and transplant, respectively. Most patients had severe (71%) or
moderate (28%) cGVHD per NIH global scoring. The median average NIH organ score was
1.13 (range, 0.14-2.14) with a median of 5 affected organs (range, 1-8). Patients were most
frequently on high (39%) or moderate (38%) intensity immunosuppression and had received
a median of 4 prior systemic immunosuppressive therapies for cGVHD (range, 0-9) (Table
2).
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Prevalence of Osteoporosis and Osteopenia

The median T-scores were -1.3 (range, -4.5 to 3.4) at the femoral neck (FN), -0.9 (range,
-4.8 to 3.2) at the lumbar spine (LS), and -0.95 (range, -3.6 to 2.5) at the total hip (TH). By
paired Wilcoxon signed rank test, T-scores at the FN were significantly lower than those at
the LS and TH (p<0.0001 for both) while T-scores in the latter two sites were not
statistically different from each other (p=0.12), suggesting a pathophysiology particularly
harmful to the FN (Figure 1). 43 (17%) patients were found to have osteoporosis in at least
one site. The femoral neck was the site most frequently affected by osteoporosis (n=33;
13%) followed by the LS (n=24; 9%) and TH (n=15; 6%). 10 (4%) patients were diagnosed
with osteoporosis in all three sites. Osteopenia was most common at the FN (n=133; 51%)
followed by the TH (n=100; 39%) and LS (n=91; 35%) (Figure 2). 154 (60%) patients with
no osteoporosis were found to have osteopenia in at least one site.

Univariate Analysis

Lower body weight (FN: p<0.0001, LS: p=0.0002, TH: p<0.0001) was strongly associated
with osteoporosis in all three anatomical sites. Higher platelet count was associated at the
TH (p=0.0025) and the FN (p=0.0065). In addition, higher average NIH organ score
(p=0.038) and lower CRP (p=0.023) were associated with osteoporosis at the FN while
higher current glucocorticoid dose (p=0.032) and lower C3 (p=0.0073) were associated with
osteoporosis at the LS. Lastly, patients with osteoporosis in the TH were farther out from
transplant than those without osteoporosis at this site (p=0.036) (Table 3).

Malnutrition, as assessed by the PG-SGA, was associated with osteoporosis in all three sites
(FN: p<0.0001, LS: p<0.0001, TH: p=0.0002when assessed as three categories; FN:
p=0.0002, LS: p=0.03, TH: p=0.0076 when assessed as two categories). Physical inactivity,
also assessed by the PG-SGA, was associated with osteoporosis in the femoral neck
(p=0.01). Female patients, compared to males, were more likely to have osteoporosis in the
femoral neck (17.7% vs. 9%; p=0.041). Patients who reported no history of alcohol use were
found to have osteoporosis in the femoral neck more frequently than patients who reported
alcohol use (21% vs. 7.9%, p=0.0061). Moderate alcohol consumption has previously been
shown to be positively associated with BMD in a nationally representative population (38).
Not surprisingly, patients found to have osteoporosis at the femoral neck were taking anti-
resorptive therapy more frequently than those without osteoporosis (30.6% vs. 8.6%,
p=0.0002) (Table 3).

Several classic risk factors were not found to be associated with osteoporosis in our patient
population. Serum 25-hydroxyvitamin D was not associated, which may be due to use of
supplements (n=90, 35%) or multivitamins (n=57; 22%). Serum calcium and serum sodium
were not associated, most likely due to the narrow distribution of values which were mostly
within the normal range for both variables in our population. Other classic risk factors not
associated with osteoporosis included age, hormone levels used to assess hypogonadism and
thyroid dysfunction (data not shown), smoking history, current use of SSRIs, and current use
of PPIs. Finally, several factors reflecting inflammation and cGVVHD involvement were not
associated, including complement component 4, albumin, body surface area of cGVHD skin
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involvement, time since cGVHD diagnosis, and number of prior systemic
immunosuppressive therapies for cGVHD (data not shown).

Only body weight showed any correlation with continuous raw T-scores. Body weight
showed weak to moderately strong correlation at the femoral neck (r=0.448) and LS
(r=0.303) and moderately strong correlation at the total hip (r=0.514).

Multivariable Analysis

Multiple logistic regression modeling produced models predictive of osteoporosis at each
anatomical site. Parameters with p<0.10 in the univariate analyses were considered for
inclusion in the multiple logistic regression analyses. Predictors were identified using
backward selection and then refined to exclude parameters with p>0.05. The resulting
models were then tested using the data that was used to generate the classification rules in
order to determine their specificities and sensitivities. The model for the total hip used body
weight and platelet count while the model for the femoral neck used these two measures in
addition to the PG-SGA nutrition score. The model for the lumbar spine used body weight,
current prednisone dose, and number of prior systemic immunosuppressive therapies (Table
4). Linear regression modeling was unable to generate a suitable model for predicting
osteoporosis in the lumbar spine and generated only weak models based on body weight
alone for the femoral neck (adjusted R2=0.16) and total hip (adjusted R2=0.28).

Discussion

The prevalence of osteoporosis or osteopenia in this cGVHD patient population was high
(77%) which supports current recommendations for regular monitoring of BMD (24).
Osteoporosis was found in 17% of patients with the most frequently affected site being the
femoral neck (13%). We also found that, across our entire cohort, T-scores were significantly
lower at the femoral neck than in the other two sites (p<0.0001 for both) with 153 (59%)
patients with their lowest T-score at this site. This is in contrast to the majority of patients
with osteoporosis where the most frequently affected site is the lumbar spine (39). We may
speculate that post-allo-HSCT patients have a different mechanism for the development of
osteoporosis than the general population.

This study observed a previously not reported association between higher platelet count and
osteoporosis after allo-HSCT. Prior studies of platelets in postmenopausal osteoporosis have
assessed platelet count and mean platelet volume (MPV), a marker of platelet activation
usually inversely related to platelet count, for association with osteoporosis (40). Li et al
found that higher MPV was associated with low BMD whereas Akbal et al found that lower
MPV and lower platelet distribution width, another marker of platelet activation, were
associated with osteoporosis (representing low BMD) (41, 42). Neither of these studies
found any association between platelet count and osteoporosis. In our own patient cohort,
we were unable to adequately evaluate MPV because we obtained MPV for only 100
patients, amounting to 39% of the study population. It is worth noting that MPV showed no
correlation with platelet count (R2=0.04) among these 100 patients.
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The role of platelets is not yet fully understood in cGVHD with a number of studies
producing contradictory results. Higher platelet count and more active thrombopoiesis have
been associated with both cGVHD activity and severity in two studies that analyzed patients
drawn from the NIH cGVHD study population analyzed here (43, 44). In contrast, lower
platelet count has been shown to be among the most consistent and strongest negative
prognostic factors for survival across a number of cGVHD studies. (45-49). We have
previously reported an association between higher platelet counts and cGVHD activity and
severity in the same cGVHD patient cohort reported here, suggesting higher platelet count
could be interpreted as a surrogate for cGVHD activity and severity in our cohort.

The association of higher average NIH organ score, indicating more severe disease, with
osteoporosis at the femoral neck is also the first association of a validated assessment of
cGVHD activity and severity with osteoporosis. The guidelines used to prospectively grade
cGVHD in our patients were first published in 2005 and have since been validated. This
finding, coupled with the association of higher platelets with osteoporosis of the femoral
neck, suggests that cGVHD-related inflammation or immune dysregulation may be involved
in either the development of osteoporosis or the lack of BMD recovery at this site. Given the
majority of patients in this cGVHD patient cohort were severely affected (per NIH criteria:
71% severe, 28% moderate), this should be studied in more detail in a population of patients
with a broader spectrum of cGVHD severity.

Lower body weight, malnutrition, physical inactivity, higher glucocorticoid dose, and female
gender represent classic risk factors which were associated with osteoporosis in at least one
site. On the other hand, several classic risk factors were not associated for a number of
potential reasons. Age was not associated possibly due to the fact that this was a relatively
young population (median age of 48) where age-related effects on BMD may have been
introduced prematurely as a result of chemotherapy, radiation, transplant, and steroid use
(50-52). Furthermore, we believe that effects of hypogonadism and other endocrine
dysfunction were not associated because they may also have been attenuated by the strength
of the treatment-related effects. Smoking history, similar to history of alcohol consumption,
was not quantified and patients sometimes reported current use while neglecting to mention
a history of prior use. Finally, current use of SSRIs and PPIs were assessed using a binary
variable (yes/no), and dosages and lengths of exposure were not quantified.

Osteoporosis is a disease in which bone demineralization takes place over an extended
period of time and to varying degrees across the bony areas. Given the design of the study,
we were unable to track changes in BMD over time or observe which factors may coincide
with these changes. We were also unable to quantify cumulative doses and durations of
immunosuppressive therapies, prior therapies for osteoporosis, and relevant supplements,
such as vitamin D. Nevertheless, we were able to effectively analyze and document BMD in
a large and well-annotated population of patients over a broad spectrum of times after
cGVHD diagnosis, thus representing the largest study of osteoporosis in this patient
population to date (7, 8, 11, 13, 14, 22, 25-27). Many potential risk factors assessed could
have been influenced by short-term events, such as infections or cGVHD flares, resulting in
skewing of clinical and laboratory assessments. However, we believe that any such events or
anomalies did not influence our results due to the large size of the study population.
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One limitation of this analysis is that it did not include any non-GVHD controls. While the
cGVHD natural history study from which we drew our cohort has enrolled post-allo-HSCT
non-GVHD controls, none underwent a DEXA scan and were thus unavailable for analysis.
We were also unable to use the WHO Fracture Risk Assessment Tool (FRAX) due to a lack
of systematic capture of necessary data, such as bone fracture history. The FRAX would
have provided additional information on the clinical impact of osteoporosis or potential risk
factors in our study population. Finally, this study was prone to referral center bias. The
NIH/NCI natural history of cGVHD study primarily enrolls patients who have failed several
lines of therapy and are seeking expert opinion and additional options. As a result, the
population analyzed in this study, 71% of whom had severe cGVHD, does not represent
patients less severely affected by cGVHD and thus any conclusions from this study should
not be applied to this group.

Despite the extensive study of osteoporosis in patients after allogeneic transplant, there are
still questions that remain to be addressed. Immunosuppressive treatments for cGVHD have
been shown to contribute to the development of osteoporosis (6, 13-17); however, it would
also be of interest to determine whether control of cGVHD can prevent osteoporosis or
improve recovery in affected sites. In addition, further study is needed to improve our
understanding of the differential pathogeneses of osteoporosis at separate sites and how
these events and subsequent recoveries are influenced by various events over the course of
the post-transplant period. In order to address these questions, future studies of osteoporosis
in the setting of allo-HSCT and cGVHD should be longitudinal in design, including baseline
and serial assessments of BMD at multiple anatomical sites and any bone fractures. Given
the current standard of practice in allo-HSCT, assessments of bone metabolism and health
should be made contemporaneously with regular transplant follow-up.

In conclusion, this study found that the prevalence of osteoporosis or osteopenia is high in
this population of patients severely affected by cGVVHD and warrants continued monitoring
as recommended by the NIH Chronic GVHD Consensus Project Ancillary and Supportive
Care Guidelines (18). This study also identified several parameters that were strongly
associated with osteoporosis, most notably higher platelet count, which may identify a
subset of patients that are at higher risk of developing osteoporosis and may benefit from
early screening, intervention, and additional research.
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Highlights

. Prevalence of osteoporosis and osteopenia in patients with severe
cGVHD is high

. Higher platelet count, higher average NIH organ score associated with
osteoporosis

. Femoral neck most frequently and most severely affected among three
sites

. Findings suggest possible independent role of cGVHD in post-allo

HSCT osteoporosis
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Figure 1. Distribution of Bone Mineral Density (T-Scores) at Each Anatomical Site
T-scores at the femoral neck were significantly lower than both lumbar spine and total hip T-

scores (p<0.0001 for both; indicated by asterisk) whereas lumbar spine and total hip T-
scores were not statistically different from each other (p=0.55). Abbreviations: FN-femoral
neck, LS-lumbar spine, TH-total hip

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Pirsl et al. Page 15

160 59 7%
‘ 554% 554%

1407 51.6%
» 120
5
E 1 38.8%
= . 3570 | 35.3%
° 80
b ]
-°§ 50| 23 B0
4

AI* FN LS TH
Anatomical Site

Normal [ Osteopenia [ Osteoporosis

Figure 2. Prevalence of Osteoporosis and Osteopenia
The definition for osteoporosis was based on the World Health Organization criteria: T-score

< -2.5 indicates osteoporosis, -2.5 < T-score < -1.0 indicates osteopenia, and T-score = -1.0
is normal (29). n=258 patients. *For A//, patients defined using lowest T-score,
Abbreviations: FN-femoral neck, LS—lumbar spine, TH-total hip
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Table 1
Patient Demographics

N (% or range)

All 258

Median age in years 48 (20-71)

Sex
Male 145 (56)
Female 113 (44)
Disease
ALL, AML, MDS 117 (45)
CML, IMF, MPD 34 (13)
CLL 21 (8)
HL, NHL 58 (23)
MM 15 (6)
AA, PNH 8(3)
Otherd 5(2)

Conditioning Regimen

Myeloablative 138 (53)
Non-Myeloablative 118 (46)
Unknown 2(1)

Total Body Irradiation

Yes 90 (35)
No 166 (64)
Unknown 2(1)

Stem Cell Source

BM 39 (15)
PBSC 216 (84)
Cord 3(1)

Donor Relationship

Related 161 (62)
Unrelated 96 (37)
Unknown 1(<1)
HLA Match
Yes 221 (86)
No 32 (12)
Unknown 5(2)

aOther includes Ewing's sarcoma (n=2), essential thrombocythemia (n=1), sickle cell anemia (n=1), and Wiskott-Aldrich syndrome (n=1).

Abbreviations: ALL-acute lymphocytic leukemia, AML-acute myeloid leukemia, MDS-myelodysplastic syndrome, CML—chronic myeloid
leukemia, IMF—idiopathic myelofibrosis, MPD-myeloproliferative disorder, CLL—chronic lymphocytic leukemia, HL-Hodgkin's lymphoma,
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NHL-non-Hodgkin's lymphoma, MM-multiple myeloma, AA-aplastic anemia, PNH—paroxysmal nocturnal hemoglobinuria, BM-bone marrow,
PBSC-peripheral blood stem cells, HLA-human leukocyte antigen
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Table 2
Chronic GVHD Characteristics

N (% or range)

All 258

Median months from transplant to cGVHD Dx 7 (2-2679)

Median months from cGVHD Dx to consent 23 (0-222)

Median months from transplant to consent 36 (4-297)

cGVHD Organ Involvement?

Skin 204 (79)

Joints and Fascia 164 (64)

Eyes 206 (80)

Mouth 176 (68)

Lungs 198 (77)

Liver 132 (51)

Gl 113 (44)

Genital (females only, N=113) 64 (57)

Average NIH Organ Score  1.13 (0.14-2.14)

Number of organs affected by cGVHD Median 5 (1-8)
1-2 12 (4)
3-4 92 (36)
5-6 111 (43)
7-8 43 (17)

NIH Global Score®

Mild 3(1)
Moderate 71(28)
Severe 184 (71)

Prior cGVHD Systemic Treatment Regimens

<2 26 (10)
2-3 95 (37)
4-5 89 (34)
>5 46 (18)
Unknown 2(1)
Intensity of Current Immunosuppressiond
None/Mild 60 (23)
Moderate 97 (38)
High 100 (39)
Unknown 1(<1)
Current Use of Calcineurin Inhibitor
Yes 120 (47)
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N (% or range)

No 138 (53)

Prednisone-Equivalent Corticosteroid Dose

None 114 (44)

<0.25mg/kg/day 69 (26)
0.25mg/kg/day to 0.5mg/kg/day 35 (14)
>0.5mg/kg/day 40 (16)

acGVHD diagnosed in patient after donor lymphocyte infusion; longest period from transplant to cGVHD diagnosis without intermediate donor
lymphocyte infusion was 103 months

chVHD organ involvement per NIH organ staging (28).

cDefinition for NIH Global score is as follows: mild (1 to 2 organs affected by chronic GVHD with scores of 1), moderate (more than 2 organs with
score of 1, any score of 2, or lung score of 1), or severe (any score of 3 or lung score of 2) (28).

dDefinition of intensity of current immunosuppression is as follows: mild (single-agent prednisone 0.5mg/kg/day), moderate (single-agent
prednisone 0.5mg/kg/day and/or any single agent/modality), high (2 or more agents/modalities +/- prednisone 0.5mg/kg/day) (4).

Abbreviations: cGVHD-Chronic GVHD, Dx-Diagnosis, GI-Gastrointestinal
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