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Beyond its impact on bone health, numerous studies have investigated the immune-regulatory properties of vita-
min D and shown how its deficiency can affect outcomes in allogeneic hematopoietic stem cell transplantation
(HSCT), particularly in acute or chronic graft-versus-host disease. This survey, carried out by the Transplant Com-
plications Working Party of the European Society for Blood and Marrow Transplantation (EBMT), describes the
current clinical practice discrepancies across the EBMT HSCT programs. We therefore recommend the develop-
ment of evidence-based guidelines to standardize evaluation criteria and to harmonize the management of vita-
min D deficiency in patients undergoing allogeneic HSCT.

© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.

INTRODUCTION

Vitamin D deficiency is a global health concern [1] as it has
pleiotropic effects on the heart [2], bone metabolism [3], and
immune system [4], among others. Risk factors include low
sun exposure, age, poor oral intake of vitamin D-enriched ali-
ments, and malabsorption [5,6]. In Europe, it affects habitants
from different latitudes, including those living in Mediterra-
nean countries [7-10]. It is well known that hematopoietic
stem cell transplant (HSCT) recipients are at high risk for vita-
min D deficiency and bone abnormalities caused by prolonged
hospitalizations (with the subsequent lack of sunshine) and
nutritional compromise status [11-13]. Studies carried out
within the past decades have contributed to a better
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understanding of the immune-regulatory properties of vitamin
D and its biological action in the course of HSCT [14-18].
Vitamin D exerts its biologic function through the vitamin
D receptor [19], located in cells from the innate and adaptive
immunity. It blunts inflammation while enhancing a tolero-
genic status, mediating in immune homeostasis [20-22]. In sit-
uations of vitamin D deficiency, this balance may be disturbed
in favor of an inflammatory status and loss of self-tolerance,
leading to conditions such as autoimmune diseases [23,24]. In
the allogeneic HSCT setting, it can also affect post-HSCT com-
plications such as graft-versus-host disease (GVHD) [14,15,25],
whose pathophysiology shares features of immune dysregula-
tion with autoimmunity [26,27]. Recent studies have proved
the association between chronic and acute GVHD and low lev-
els of serum vitamin D in allogeneic HSCT patients, which
could be explained by the diminished immune-modulatory
effect of vitamin D during the immune reconstitution stage
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(Table 1) [14-17,25,28-33]. Despite this, clinical guidelines in
HSCT have focused only on the role of vitamin D in bone health
and mineral metabolism [13,34,35], but there is little recogni-
tion of the potential contribution of vitamin D deficiency in
post-HSCT complications and subsequently in its outcomes
[14-17,25].

To better understand differences in the management of
vitamin D deficiency in allogeneic HSCT patients, we have con-
ducted an online survey across the European Society for Blood
and Marrow Transplantation (EBMT) affiliate centers.

MATERIALS AND METHODS

HSCT program directors of 326 EBMT affiliate allogeneic transplant cen-
ters from 42 countries were invited to participate in an online survey com-
prising 34 questions, divided in different categories such as diagnosis,
prescription of vitamin D replacement, or follow-up.

This survey was carried out from September to November 2018. Each
EBMT center was allowed to participate only once in the survey. Data were
analyzed descriptively.

RESULTS
Demographics

All the EBMT Aaffiliate centers that perform allogeneic HSCT
were approached (n=326). A total of 114 centers from
24 countries completed the questionnaire. The location of the
participating centers is displayed in Figure 1, and their charac-
teristics are presented in Table 2.

The geographical reference was taken based on the annual
sunshine duration: above 50 degrees latitude, there are fewer
than 1800 hours of sunlight per year, whereas below this lati-
tude, the number of sunlight hours is higher and therefore
cutaneous synthesis of vitamin D varies depending on location
[36]. A total of 11 participating countries accounting for 46%
(n=52) of the centers are located above this latitude (northern
countries), and 13 countries, including 54% (n = 62) of the cen-
ters, are below this latitude (southern countries). Moreover,
58% (n=66) are dedicated adult centers, 21% (n =24) are pedi-
atric-only centers, and 21% (n =24) provide care for adult and
pediatric patients (mixed centers). At the time of the survey,
84% (n=96) centers were located in the European Union.

This survey was completed by 46% of transplant directors,
41% of transplant consultants, 8% of non-consultant grade
physicians, 3% of HSCT clinical nurse specialists, and 2% of other
health care professionals (1 head of research and 1 dietitian). All
of them stated to be highly involved throughout the course of
allogeneic HSCT: 85% pre-HSCT, 89% during the ward admission
for stem cell infusion and early post-HSCT care, 96% during the
first year post-HSCT, and 90% who continued the follow-up
beyond the first year (several answers were possible).

Standard Operation Procedures for Assessment of Vitamin D

Local and national guidelines (i.e., Swiss Guidelines, Lom-
bardia Regional Statement [Italy], or the French Paediatric
Society Guidelines) are followed by 19% of the centers. Simi-
larly, international guidelines, including the Dietary Reference
Intake from the Institute of Medicine of the National Academy
of Sciences, the National Institute for Health and Care Excel-
lence (NICE), UK Osteoporosis, and UpToDate recommenda-
tions are followed by 18%. In the majority (67%) of the mixed
centers, adult and pediatric units follow the same recommen-
dations for management of vitamin D deficiency.

Monitoring of Vitamin D

Before allogeneic HSCT, serum vitamin D is routinely
checked by 47% of the centers (Figure 2): 37% in all patients
and 10% in only those with risk factors for hypovitaminosis D

(Table 3). However, after allogeneic HSCT, nearly double of the
centers (70%) monitor it regularly (Figure 3): 53% in all patients
and 17% in only those patients with risk factors for hypovita-
minosis D (Table 3). Screening occurs every 3 months (39%),
every 6 months (24%), once a year (18%), or at other time
points (19%). In this regard, seasonality is not taken into
account by the majority of the centers (94%).

Prescription of Vitamin D Replacement

To treat vitamin D deficiency, vitamin D replacement is pre-
scribed by transplant physicians (75%), family physicians
(10%), endocrinologists (3%), clinical nurse specialists (3%), and
other specialist physicians (physiatrist, rheumatologist, gyne-
cologist) (4%), and in 5% of the centers, patients are advised to
buy it over the counter. Vitamin D is prescribed combined
with calcium carbonate in 52% and alone in 48%.

For prescribing vitamin D replacement, 83% of the centers
use a cut-off of serum vitamin D: <25 nmol/L (26%),
<30 nmol/L (28%), <50 nmol/L (37%), <75 nmol/L (7%), and
<100 nmol/L (2%) (Figure 4). Centers from northern countries
have a median cutoff of 50 nmol/L, whereas in southern coun-
tries, it is 30 nmol/L.

The main reasons to prescribe vitamin D replacement are
depicted in Table 4.

Only 33% of the centers start patients on a “loading dose” as
part of the treatment of vitamin D deficiency. Eighty-nine per-
cent of the responders provided the loading dose prescribed.
The median daily loading dose is 2,000 IU (range 286-20,000),
and its median duration is 6 weeks (range 1-52).

Nearly all the centers (98%) prescribe long-term treatment
(“maintenance”) with vitamin D. Eighty-eight percent pro-
vided the daily maintenance dose prescribed, with a median of
800 IU (range 67-10,000).

Vitamin D replacement is eventually discontinued by 69%
of the centers under the following criteria: when therapeutic
vitamin D levels are reached (59%), when the dual-energy
X-ray absorptiometry (DEXA) scan returns to normal (12%),
with symptomatic improvement (9%), all of the aforemen-
tioned criteria (9%), or other (after stopping immunosuppres-
sion, after completing 1 year of treatment, or when growth
stops in pediatric patients) (11%).

Follow-up

Patients’ follow-up occurs mainly in the transplant center
(89%), by the primary care physician (1%), or in a mixed model
(10%). It is most frequently lifelong (57%), although it has also
been reported to last less than 5 years (6%), between 5 and
10 years (21%), more than 10 years (4%), until pediatric
patients transition to an adult team (8%), or other follow-up
programs (4%).

There is a dedicated osteoporosis service in 69% of the
transplant centers, mainly in adult (74%) and mixed centers
(79%), and in less than half of the pediatric centers (48%). As
part of the follow-up, 80% of the centers usually request a
DEXA scan (52% perform it in all patients and 48% in only those
with a high risk of osteopenia/osteoporosis), which is covered
by health insurance in most countries (92%). Seventy-nine per-
cent prescribe vitamin D following an abnormal DEXA scan
result. The main indications are osteopenia (87%) and osteopo-
rosis (13%). After the first DEXA scan, most of the centers
repeat it (78%): 40% once a year, 19% every 5 years, 28%
depending on the previous DEXA scan results, and 13% using
other time points. The DEXA scan is discontinued when bone
density increases (11%), normalizes (56%), or stabilizes (33%).
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Table 1
Studies Performed in the HSCT Population to Correlate Vitamin D Serostatus and GVHD
Author Age Population (n) Vitamin D Timing VD Intervention Acute GVHD Chronic GVHD
Deficiency Test
Cutoff
Beebe et al. [16] Pediatric (72) <20 ng/mL Pre- and RT provided to 46 No significant No significant
post-HSCT patients differences differences
Caballero-Velazquez Adult (150) <50 nmol/L NR CG—no treatment No significant Lower CI of overall and
etal.[28] differences moderate + severe
chronic GVHD at 1 year
in LD (37.5% and 19.5%)
and HD (42.4% and 27%)
compared with CG
(67.5% and 44.7%),
respectively (P < .05)
LD—1000 IU/d RT
HD—5000 IU/d RT
From day -5 to day
+100
von Bahretal. [14] Adult (166) <25 nmol/L Pre-HSCT No No significant Strong correlation (RR,
differences 2.66) with 25(0OH)D3
serostatus
Wallace et al. [17] Pediatric (135) <20 ng/mL Post-HSCT No No significant No significant
differences differences
Hansson et al. [15] Pediatric (123) <50 nmol/L Pre-HSCT No More frequent in No significant
patients with suffi- differences
cient VD (47%) pre-
HSCT compared
with VDD patients
(30%) (P =.05)
Campos et al. [29] Pediatric (66) <20 ng/mL Pre- and All patients received No significant No significant
post-HSCT 400 to 800 IU/d of differences differences
RT during hospitali-
zation and 39 (59%)
after discharge for
an average of 140
days
Glotzbecker et al. Adult (53) <25 ng/mL Pre-HSCT No No significant 2-year CI 63.8% in VDD
[25] differences patients compared with
23.8% in sufficient VD
patients (P =.02)
Extensive GVHD at 2
years: 54.5% in VDD
patients compared with
14.3% in sufficient VD
patients (P=.009)
Urbain et al. [30] Adult (102) <10 ng/mL Pre-HSCT No No significant NR
differences
Robien et al. [31] Pediatric + adult <50 nmol/ Post HSCT 200-1000 IU/d No significant No significant
(95) mL (duration NR) in differences differences
long-term post-
HSCT patients
Silvaetal. [32] Adult (12) NR NR Patients with active NR 50% study cohort
chronic GVHD on > stopped IS after 6
first- line IS +RT months on RT (5 CR, 6
caused by bone PR, 1 NR) compared
disease with 20% of CG
Compared with CG
of 24 patients with
chronic GVHD on
first-line IS but not
on RT
Kreutz et al. [33] NR (48) <25 nmol/L Pre- and No Lower serum levels NR
post-HSCT of 25(0H)Ds in
grade 3 and 4
(P=.031)"

VD indicates vitamin D (25(0OH)D3); RT, replacement therapy with 1,25(0H),Ds; NR, no reported; CG, control group; ClI, cumulative incidence; LD, low-dose group;
HD, high-dose group; RR, relative risk; VDD, vitamin D deficiency; IS, immunosuppression; CR, complete response; PR, partial response.
* Number patients affected not specified.

DISCUSSION HSCT patients. Two previous studies surveyed the awareness
To our knowledge, this is the first survey addressing differ- of health care professionals in vitamin D deficiency, but they
ences in the management of vitamin D deficiency in allogeneic were conducted among primary care physicians and midwifes
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Number of centres

Figure 1. Number of centers participating in the survey (left) compared to the total of EBMT centers that performed allogeneic HSCT per country (right).

in the United Kingdom [37] and among primary care physi-
cians in Belgium [38].

Currently, clinical guidelines do not include the assessment
of vitamin D before HSCT [39,40]. This could explain why less
than half of the institutions participating in our study request
it at that time point. However, this practice nearly doubles fol-
lowing HSCT as guidelines recommend monitoring vitamin D,
alongside calcium and phosphate levels, to assess bone health,
prevent osteoporosis, and ultimately prevent bone fractures in
high-risk patients [13,34,35]. In fact, maintaining bone and
mineral metabolism is considered by the majority of the

Table 2
Characteristics of the Participant Centers

Patient group Responses (%)

Adult only 58%
Paediatric only 21%
Both adult and paediatric 21%
Location

European 87%

Non-European 13%
Latitude

Northern 46%

Southern 54%
MNumber of allogenic transplant

<500 35%

500-1000 37 %

1000-1500 13 %

=1500 15 %
Centers performing allogeneic transplantation since

< 15 years 8 %

15-25 years 21%

> 25 years T1%
JACIE accreditation

Accredited 43 %

Accreditation in Progress 25%

No 32%
Transplant type performed

Identical Sibling 45 %

Unrelated (matched and mismatched) 40 %

Haploidentic 6 %

Other relative (syngenic, matched and mismatched) 6 %

Cord Blood 3%
Gross national income

High 91%

Middle 9%

responder centers the main indication for commencing on
vitamin D replacement (92%). Although most of the responders
(96%) do not take into account timing for monitoring vitamin
D, seasonality has been found to be an important risk factor for
vitamin D deficiency [7]. In fact, during the brighter seasons,
the increased production of cutaneous vitamin D is associated
with lower levels of proinflammatory cytokines (IL-1, IL-6,
TNF-«) compared with the darker seasons [41], confirming the
immune-modulatory effect of vitamin D [20-22]. Monitoring
vitamin D before and after HSTC is strongly recommended,
particularly during the darkest months, to identify deficient
patients and treat them accordingly.

Only a minority of centers considered that vitamin D has an
important role in the pathophysiology of GVHD (17%) or con-
tribution in fostering immune reconstitution after stem cell
engraftment (24%). Recent publications have shown the associ-
ation between vitamin D deficiency with a higher incidence of
acute [30,33] and chronic [14,25] GVHD, as well as cytomega-
lovirus reactivation [14]. However, the impact of vitamin D on
HSCT survival is more controversial: some studies showed that
vitamin D deficiency is associated with a decrease in overall

Location

M Northern
M southern

Number of centres
N
5

In all patients Only if risk factors

for hypovitaminosis
D

Figure 2. Proportion of centers measuring serum vitamin D before HSCT
depending on location.



J. Ros-Soto et al. / Biol Blood Marrow Transplant 25 (2019) 20792085 2083

Table 3

Centers’ Responses According to Clinical Indications to Request Serum Vitamin D in Patients Undergoing HSCT

(Several Answers Were Possible)

Osteopeniafosteoporosis
Treatment with sterolds
Previous fracture

Premature menopause
Established menopause

Total body irradiation

Lows vitamin D levels in serum
Other*

Pre-HSCT Post-HSCT
N (%) N (%)
108 {94%) 100 [B6%)
86 (75%) 78 (68%)
86 [75%) 81(71%)
64 [56%) 52 (46%)
57 (50%) 36 (32%)

8([7%) NR
7 [B%) NR
NR 7 (8%}

* Risk of avascular necrosis of the femur, breastfeeding, total parenteral nutrition.

NR = not reported

survival following HSCT [14-17], whereas others failed to
reproduce these findings [11,25,48]. This inconsistency could
be caused by small cohorts in the existing studies and differen-
ces in population characteristics; thus, further research with a
more homogeneous and larger sample size is clearly needed
[42].

The most reliable marker of vitamin D status in serum is
25(0H)Ds as it reflects the cutaneous production and diet intake
of vitamin Ds. In the general population, the cut-off of serum
25(0OH)D; to define vitamin D deficiency is based on the
minimum concentration of 25(0OH)D; required to prevent bone
disease [43]. Currently, this is a matter of debate [14,15,
25,31,33,44-47]: in the United Kingdom, the NICE guidelines
and the Endocrine Society Task Force on Vitamin D define vita-
min D deficiency at levels of serum 25(0OH)Ds below 25 nmol/L
(10 ng/mL) [48,49], as supported by other publications [5,9,50].
However, the Institute of Medicine in the United States indi-
cates that it should be established at 30 nmol/L (12 ng/mL) [51],
whereas Holick [52] recommends setting this threshold at

Location

60 M Northern
M southern

Number of centres

In all patients

Only if risk factors No
for hypovitaminosis
D

Figure 3. Proportion of centers measuring serum vitamin D after HSCT
depending on location.

Number of centres

25 nmol/L 30 nmol/L 50 nmol/L 75 nmol/L 100 nmol/L

Figure 4. Cut-off values for vitamin D deficiency.

50 nmol/L (20 ng/mL). In addition, NICE guidelines [48] define
vitamin D insufficiency when serum 25(0OH)D; levels are
between 26 and 50 nmol/L, and Holick [52] defines vitamin D
insufficiency when these levels are between 50 and 75 nmol/L.
The Endocrine Society Task Force on Vitamin D [47] does not
mention this concept in its report. Nevertheless, there is no evi-
dence of the optimal level of serum 25(OH)Ds required to foster
immune reconstitution and prevent post-HSCT complications. It
is therefore not surprising that in our study, the cut-off mainly
ranges from 25 to 75 nmol/L. It is difficult to know which factors
influence local practice, but centers are probably led by the
existing literature, where studies in allogeneic HSCT have also
shown discrepancies in this matter [14,25,33,44]. In addition,
the most common threshold for vitamin D deficiency was
50 nmol/L, as also shown in studies exploring outcomes follow-
ing allogeneic HSCT in both pediatric [15,17,45] and adult
[31,46] patients. An interesting finding was the trend of north-
ern centers toward higher cut-offs (=50 nmol/L) compared
with southern centers (<30 nmol/L). However, these findings
are not always reproduced in the literature and may differ from
previous publications [14,28]. Because of the lack of evidence to
determine the optimal level of 25(0OH)D; to favorably affect
HSCT, a specific cut-off cannot be recommended, and more
studies to confirm this are warranted.

In the general population, a high dose of a short-term
course of vitamin D replacement is prescribed to individuals
with vitamin D deficiency (“loading dose”), whereas a lower
dose of long-term supplementation with vitamin D is recom-
mended to those with vitamin D insufficiency (“maintenance
dose”) [48,49]. In our study, we aimed to find out whether
both strategies, when combined as replenishment of vitamin
D, may be challenging in HSCT. Although there are no clinical
trials, to our knowledge, that have looked into the impact of
the “loading dose” in the HSCT setting, there are some data
published in healthy individuals, with favorable results [53].
Thus, it is expected that centers that include a loading dose
within their clinical practice (33%) base their decision on the
current evidence in the general population, and this stresses
the need for validation of this approach in large clinical trials
that focus on HSCT patients.

Moreover, most centers prescribe maintenance with vitamin
D supplements. In our study, the median maintenance dose was
800 IU, but it varies greatly in the literature: in the general pop-
ulation, it ranges from 400 to 4000 IU/d [6,48,54,55], whereas
in the HSCT population, it encompasses from 1000 IU/d to
600,000 IUjwk [16,28,29,31,32,45,47,56]. The reason for this
could be the detrimental effect of additional risk factors for
hypovitaminosis D in HSCT patients, such as immunosuppres-
sion (ciclosporin or steroids) [43,48] and gut GVHD [11], which
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Table 4

Centers’ Responses According to Aim for Prescribing Vitamin D Replacement in HSCT Patients (Several Answers

Were Possible)

N W
Maintain calchum rmetabolism and prevent bone loss 105 92%
Enhancement of Immune reconstitution post-HSCT 27 24%
Prevent GvHD 19 1%
Enhancement of response to immunosuppression in GvHD 11 10%
Fatigue 2 %
Reduce relapse risk T oy
Depression 1%

* % = percentage of the responder centres

could deplete vitamin D storage further, thus requiring a more
aggressive approach. Most of the interventional studies in the
field of transplantation have targeted pediatric patients, in
whom the dose of vitamin D is tailored according to patients’
weight [17]. Nevertheless, in the adult population, a fixed dose
is usually prescribed following the “one-size-fits-all” approach,
underestimating the real needs of these patients. The Scientific
Advisory Committee on Nutrition guidelines recommend 400
IU/d in individuals older than 4 years because “this is the average
amount needed by 97.5% of the population to maintain a serum
25(0H)D5 concentration >25nmol/L” [49], but this strategy may
not be applicable in the HSCT setting for the aforementioned
reasons. Therefore, the use of vitamin D therapy is certainly war-
ranted in HSCT patients with vitamin D deficiency/insufficiency,
maybe at a higher dose than in the general population.

Anecdotally, a minority of centers prescribe vitamin D to
prevent disease relapse. Recent studies have shown that
lower levels of serum 25(OH)D5 are associated with a higher
relapse rate and poorer prognosis in patients with hemato-
logic malignancies [15,57-59]. However, there is still little
evidence about this, and thus these reports should be consid-
ered cautiously.

Moreover, serum vitamin D also has been found to contrib-
ute to the response to immunosuppression in patients with
steroid-resistant asthma [60,61]. Potentially, it could be com-
parable to steroid-resistant GVHD, but it has not been investi-
gated yet. Therefore, it is reasonable that only 10% of the
responders consider this a clinical indication for vitamin D
treatment, as the role of vitamin D in this setting needs to be
elucidated.

Finally, following HSCT, bone health remains a main survi-
vorship concern. Majhail et al. [13], for instance, recommend a
first evaluation at 1 year after allogeneic transplantation. In
our study, most institutions refer patients to osteoporosis units
for assessment and follow-up of bone mineralization with a
DEXA scan, as also recommended by other publications [34].
Interestingly, DEXA scan results are outweighed by serum 25
(OH)D; level as reference criteria to discontinue vitamin D
therapy, which occurs in the majority of the centers (69%).

One of the main strengths of this study is the large number
of centers involved, which accounts for one third of the institu-
tions approached. In addition, our questionnaire covers a
broad range of themes related to vitamin D throughout the dif-
ferent stages of allogeneic HSCT and gives a comprehensive
overview of the current approaches in vitamin D deficiency in
this setting. In addition, it has been completed by health care
professionals with expertise in the field of stem cell transplan-
tation and highly involved in HSCT patients’ care.

A limitation of the survey is that it relies on voluntary self-
reporting rather than external validation, which may affect
the accuracy of the responses. Moreover, it is difficult to
evaluate clinical practice patterns in the absence of clear

recommendations on vitamin D in the HSCT landscape.
Although the contribution of vitamin D within the immune
system has been investigated in depth, its effect on stem cells
and potentially on engraftment and immune reconstitution is
still far from being understood, so further studies are war-
ranted.

CONCLUSIONS

To our knowledge, this is the first survey carried out to pro-
vide a comprehensive picture of the current management of
vitamin D deficiency in allogeneic HSCT patients. It confirms
the highly heterogeneous practice across the EBMT affiliate
centers, including those from diverse geographical locations
and dedicated to patients of different ages. Vitamin D defi-
ciency is a modifiable risk factor of HSCT outcomes with low
cost and negligible side effects [62,63] that might have the
potential to restore immunologic tolerance and prevent some
post-HSCT complications. This study underlines the need to
develop evidence-based recommendations to guide health
care professionals in the assessment of vitamin D status and its
management in daily practice.
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