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Highlights 
 

 Low bone mineral density is frequent after haematopoietic cell transplantation 
 

 There is inconsistency of practise in relation to guidelines on BMD after HCT   
 

 There was a lack of familiarity with BMD guidelines among centres for HCT in Europe 
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Abstract 
 
Reduced bone mineral density (BMD) is a well recognised complication of haematopoietic 
cell transplantation (HCT) with significant falls in BMD occurring within the first 12 months 
of HCT. Guidance on identifying and managing this complication is available in several 
published guidelines. In this study we have sought to investigate current practise in the 
investigation and management of low BMD in centres registered with the European Society 
for Blood and Marrow Transplantation (EBMT).  A questionnaire about bone health was sent 
to all registered centres and responses gained from 99 centres in 25 (52%) countries 
currently registered with the EBMT. Our data highlights considerable heterogeneity of 
practise across European centres in relation to investigations, management and use of 
guidelines. Our data highlights the need for better dissemination and implementation of 
existing guidelines but also for the development of multidisciplinary guidelines with input 
from all relevant stakeholders. 
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Investigation and management of bone mineral density following HCT: a survey of current 
practice by the Transplant Complications Working Party of the European Society for Blood 
and Marrow Transplantation.  
 
Introduction 
 
Reduced bone mineral density (BMD) is a well recognised complication of haematopoietic 
cell transplantation (HCT).  The prevalence of low BMD after allogeneic HCT is variably 
quoted as 24-48% (1-3) and is higher in patients with chronic graft-versus-host disease 
(GVHD) (4). Studies demonstrate that a fall in BMD occurs within the first 12 months of 
transplant and is particularly rapid in the first 6 months (5-6). A similar pattern of bone loss 
has also been described after autologous transplantation (5). Typically this reduction in BMD 
is followed by some recovery in the lumbar spine with slower improvement at the femoral 
neck (7,8).   The mechanisms underpinning bone loss after HCT are multifactorial and are 
associated with both a decrease in osteoblast activity (bone formation) and an increase in 
osteoclast activity (bone resorption). Dysregulation of cytokines from the TNF superfamily 
are associated with this imbalance, in particular receptor activator of nuclear factor kappa-B 
(RANK) ligand and osteoprotegerin (OPG) (9,10).   
 
Clinically the main concern with a reduction in BMD is the potentially increased risk of 
fracture which approximately doubles for each standard deviation decrease in BMD (11,12). 
In general populations osteoporotic fractures are associated not only with pain and 
disability, but also with a significant increase in mortality (13,14).   
  

                  



Bone mineral density is measured by Dual-energy X-ray absorptiometry (DXA) scanning and 
this can be used to diagnose osteoporosis or osteopenia in adults. Measurements in the 
lumbar spine, or femoral neck and/or hip are compared with the mean BMD of a normal 
young adult population of the same gender to give a T-score. A T-score of < - 2.5 in any site 
indicates osteoporosis and a T-score between -1 and -2.5 designates osteopenia. While 
there is a clear link in adults between DXA scan data at these sites and both risk of fracture 
and response to treatment (15), in children these links are less clear. DXA scanning cannot 
account for bone size or shape and can underestimate BMD in children where the bone size 
is low. Quantitative computed tomography (QCT) scanning may be more accurate than DXA 
scanning in paediatric patients (16). Where the latter is used, however, Z scores are 
preferable in paediatric populations to T scores because they are age, sex and gender 
matched. Measurements are taken at the lumbar spine or else as total body readings (which 
exclude the head). In children, the term osteoporosis is reserved for those with a low Z 
score (<-2) combined with a clinically significant fracture history.  
 
Low BMD measured by DXA is not the only risk factor for fracture in the general population. 
The World Health Organization Fracture Risk Assessment Tool (FRAX) takes into account 
multiple factors to estimate 10-year probability of major fracture in patients aged 40-69 
(17). Risk factors additional to age include low body mass index (BMI), prior fracture, family 
history of fracture, smoking, alcohol, use of glucocorticoids (GC) and rheumatoid arthritis. 
Although validated in non-transplant settings (18-20), experience using the FRAX model in 
HCT recipients is limited: a single centre retrospective study demonstrated modest 
predictive value in patients older than 50y but further validation in specific populations 
would be necessary before it could be recommended for routine use (21). Transplant 
patients have additional risk factors for fracture compared to the general population 
including chemotoxicity, radiation, secondary hyperparathyroidism and hypogonadism.  
Underlying disease is also important with diagnoses of acute lymphoblastic leukemia and 
multiple myeloma conferring additional risks of bone fracture (22,23). Age is likely to be 
increasingly relevant as more and more older patients are included in transplant 
programmes. 
 

A fall in bone density in relation to HCT is frequent and data indicates that it can potentially 
be mitigated and treated (24). Attention to bone health has therefore been included in 
several long term post- transplant follow up guidelines for adults and children within the 
last 15 years (25-30). In this survey we have investigated the current practise in assessing 
and managing bone health in centres registered with the EBMT.  
 

Materials and methods 
 
453 transplant centres from 48 countries were invited to participate in an on-line survey. 
These included both adult centres (defined as >70% patients are adults) and paediatric 
centres (defined as >70% patients are paediatric). The survey was open for approximately 
12 months and closed in January 2018. The survey included 10 questions relating to 
counselling patients about bone health, indications for DXA scanning before or after 
transplant, timing of DXA scanning, management of reduced bone mineral density 
(osteopenia and osteoporosis), use of prophylactic treatment for reduced BMD, trigger 
doses of GC for DXA scanning and use of guidelines.   In 2020 a follow up question asked 

                  



whether national policy/insurance restrictions played a significant part in the decision 
making around frequency and timing of DXA scanning or in the choice of drug used to treat 
osteopenia/osteoporosis.  
 
Results 
 
A total of 99 centres from 25 countries participated (figure 1). This represented a 22% 
response rate overall with data included from 52% of the countries currently registered with 
the EBMT.  From eight countries there were responses from 5 or more participating centres 
(France, Germany, Italy, Netherlands, Spain, Sweden, Turkey and the UK).  Twelve of the 99 
responding centres were designated paediatric and within these the percentage of adults 
being treated was low with 4/12 centres not treating any adults and the remaining 8 centres 
treating a median of 4% adults (range 1-6%). Response rates for each question varied and 
are indicated by the denominators in the text.   
 

 
 
 
Figure 1. The number of adult and paediatric centres responding from each participating 
country 
 
Patient guidance on maintaining/Improving bone health after HCT 
 
Of 92 respondents to this question (10 paediatric), 73 (79%) centres (8 paediatric) indicated 
that they gave guidance to their patients about lifestyle measures for promoting bone 
health after HCT. Among these centres guidance was solely verbal in 41/73, written-only in 
5/73 and both verbal and written in 27/73. The most frequent advice was dietary, 
promoting an increase of vitamin D (26/73) or calcium (18/73). Other elements of lifestyle 
advice included the value of exercise (20/73) and smoking cessation (6/73).   
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Indications for DXA scanning   
 
47/99 (47%) centres did not have routine triggers for conducting DXA scanning.  Of the 52 
centres that did, 37 based their approach on the type of transplant, age or sex of the 
patients. More specifically 11 centres scanned all patients after HCT (allograft, autograft, 
myeloablative, reduced intensity), 20 centres scanned all allograft patients after HCT, one 
centre scanned everyone over the age of 60 and another scanned all allografts over the age 
of 60. Four centres scanned all females over 60.  
 
Among 11 centres which conducted DXA scanning on all patients after HCT, three of them 
also conducted DXA scanning on all patients before HCT. One additional centre undertook 
pre transplant DXA scanning only if the patient had a family history of osteoporosis or else 
had received GC pre transplant. 
 
Among 20 centres which scanned all allograft recipients after HCT, 11 also arranged DXA 
scanning for all allografts before transplant. One additional centre arranged pre-transplant 
DXA scanning if the patient was being allografted over the age of 60 or else had received pre 
transplant GC.   
 
Fifteen centres used specific risk factors for low bone mineral density (BMD) as triggers for 
DXA scanning. Amongst these 15 centres, the median number of risk factors cited per centre 
was 3 but the range was wide at 1-8. An additional 26 centres who restricted DXA scanning 
on the basis of transplant type +/- gender +/- age, also considered risk factors for low BMD 
in their protocols. The most frequent risk factors considered were use of GC after transplant 
(n=25) and vitamin D deficiency (n=14). Other risk factors considered by participating 
centres are summarised in figure 2.  
 

 
 

Figure 2: Risk factors for low BMD which trigger DXA scanning after HCT 
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Abbreviations:  FH = family history; BMI = body mass index; ALL= acute lymphoblastic 
leukemia. 
 
12/99 responding centres were designated paediatric centres. 3/12 screened all transplant 
patients post transplant and of these one also undertook screening of all patients before 
while another centre undertook tailored screening before transplant if a patient had 
received GC or else had a FH of osteoporosis. 1/12 paediatric centres screened all allograft 
recipients post transplant. In two paediatric centres, screening was based on individual 
risks. The remaining 6 paediatric centres did not conduct routine DXA scans. 
 
Timing of routine DXA scanning after HCT 
 
49/52 centres who perform regular scans responded to this question. The most frequent 
time point for a first routine DXA scan was 12 months, but there was some variability in 
both adult and paediatric centres (figure 3).  Fifteen of these 49 centres arranged routine 
scans at more than one time point, with 11 /15 arranging DXA at two time points and 4/15 
scheduling three or more. The most frequent patterns were: 1. 0-6 months or 6-12 months 
followed by another at 12 months (n=6) 2. 12 months or 12-24 months followed by another 
at 2-5 years (n=4).    
 

 
 
Figure 3: Timing of first scheduled DXA scan after HCT 
 
Time interval between scans 
 
Where a patient was diagnosed with osteoporosis, 75 /90 respondents indicated that they 
would do a follow up scan. The median time interval was 12 months (34 respondents) with 
more than half of these centres indicating that they would continue to repeat the scans 
annually. In 8 cases the centre indicated that the decision would be made by a non-
haematology specialist. 
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Where a patient was diagnosed with osteopenia, 68/89 respondents indicated that they 
would do a follow up scan. Again the median time interval was 12 months (31 respondents) 
with 16 of these indicating that scans would be requested annually. In 5 centres the decision 
was made by non-haematology specialists.   
 
A single centre reported that insurance schemes dictated the frequency of DXA scanning 
when a diagnosis of osteoporosis or osteopenia had been made.   
 
Steroid dose/duration triggers for DXA scanning  
 
Thirty centres specified that GC after and /or before HCT were a trigger for DXA scanning.  
The cut-off doses/duration of treatment for measuring bone density were given in 27/30 
and were variable. In 7 centres, duration of treatment only was a consideration with 5 time 
points cited: ‘prolonged’ dosing (n=1), > 1 month (n=1), > 2 months (n=1), 3 months (n=1), > 
3months (n=3). The remaining 20 responding centres cited 14 different schedules involving 
both dose and duration (Table 1).  Paediatric centres which used post +/- pre transplant GC 
as a trigger for DXA scanning specified 3 different regimens that would trigger DXA scanning 
as follows: 1mg/kg for 6 months, > 1mg/kg for 6 months and 2mg/kg/day for > 4 weeks. 
 
 

Steroid daily dose Duration 
Number of 
centres 

= to or >5mg a day 3 months 2 

8mg 6 months 1 

20mg 6 months 1 

0.5mg/kg 1 month 3 

 
2 months 1 

 
3 months 1 

1mg/kg at initiation 1 

  > 1 month 3 

 
>2 months 1 

 
3 month 1 

 
6 month 1* 

>1mg/kg >1 month 2 

 
6months 1* 

2mg/kg > 1 month 1* 
 
Table 1: GC dose and duration to trigger DXA scanning in context of HCT 
* indicates paediatric centre 
 
Management of reduced bone density 
 
The most frequently cited management options for osteopenia were calcium/vitamin D 
(54/91 responding centres) and calcium/vitamin D together with bisphosphonates (24/91 
including 3/11 responding paediatric centres). The most frequent treatment schedules for 

                  



osteoporosis were: bisphosphonates together with calcium/vitamin D (30/73 responding 
centres, including 4/9 responding paediatric centres), calcium/vitamin D alone (16/73, 
including 4/9 paediatric centres) and bisphosphonates alone (17/73, including 1/9 paediatric 
centres). Patients were more likely to be referred to other specialist teams for management 
input if they had osteoporosis (6/73 responding centres) compared to osteopenia (2/91 
responding centres).  
 
Use of bisphosphonates to maintain bone mineral density in absence of osteoporosis 
 
Of 70 centres which responded, 41 indicated that they did not use bisphosphonates in the 
absence of osteoporosis. In two centres the reason given was that insurance companies 
would not cover its use in this setting.  27/29 centres which indicated that they do give 
bisphosphonates in the absence of osteoporosis also cited a reason for doing so with 4 
centres giving two reasons. These were as follows: use of GC (n=13), patients with cGVHD 
receiving GC (n=4), GVHD alone (n=2), multiple myeloma (n=4), prior vertebral fracture 
(n=1), premature ovarian failure (n=1), recommendation by non-haematology specialists 
(n=4). Two paediatric centres indicated that they would consider pre-emptive 
bisphosphonates in a patient with osteonecrosis or high risk of avascular necrosis.   
  
 

 
 

Figure 4: Treatment schedules for managing osteoporosis 
Abbreviations: Bisphosph. = bisphosphonates; Ca = calcium; D = vitamin D 
 
 
 
Use of guidelines 
Respondents were asked specifically whether they had a local, national or international 
guideline to direct their practise and also whether there were any specific publications on 
which they based their practise.  
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Of the 79 centres that responded, the majority (51/79) had a local guideline relating to DXA 
scanning. Fewer than 20 centres used a specific publication (12/70 responders), national 
guideline (10/74 responders), or international guideline (15/72). The centres who 
conducted regular DXA scans were much more likely to use/have access to guidelines:  of 52 
centres who conducted regular DXA scans, 49/52 (94%) reported use of guideline compared 
to 18/47 (38%) centres who did not undertake regular DXA scans. Among the latter, local 
guidelines were used in the majority (16/18) with only two centres using publications to 
guide their practise. 

Of 15 centres who used national/international guidelines or publications, 13 gave details.  

 

 

 

 

Guidelines and publications used by responding EBMT centres  
 N = 
(Ref)  

Recommended screening and preventive practice. Majhail et al. 2012 

8      
(25)   

Consensus Statement of the German-Austrian-Swiss GVHD consortium. Hautmann et al. 2011 

2      
(26) 

Recommended screening and preventative practice. EBMT/CIBMTR Rizzo et al. 2006 

2      
(27) 

Osteoporosis Prevention, Diagnosis, and Therapy. NIH Consensus Development Panel 2001  

2 
(31) 

Official positions from The International Society for Clinical Densitometry (ISCD) 2 

Clinical report - Bone densitometry in children and adolescents - Bachrach et al. 2011 

1      
(32) 

Pediatric Bone densitometry. Havrda. Radiologic Tecnology 2012* 

1      
(33) 

EBMT handbook 1 

ASH haematology education book 2010 1 

NICE guidance on osteoporosis prevention (UK) 1 

Coverage by insurance companies 1 

Belgian bone club 1 

Italian regional guideline 1 

                  



Table 2: Guidelines and/or publications used by EBMT centres participating in this survey 

In some cases only partial details were given which did not enable identification of the 
publication in question. Nonetheless it was clear that in addition to HCT-related guidelines 
there were multiple non-haematological sources of guidance including endocrine, 
densitometry and osteoporosis societies and also guidance from insurance companies. The 
median number of different guidelines cited by each of 13 centres who gave details was 2 
(range 1-3). The most frequent guideline referred to by 8/13 different centres was an 
international guideline on screening and preventive practices for long-term survivors after 
HCT published in 2012, representing a joint statement from multiple haematopoietic 
transplant organisations across the world (25). Of 8 centres which cited this paper as guiding 
their practise, triggers for DXA scanning were variable with two centres screening all 
patients, three centres screening all allografts, one screening female allograft patients over 
the age of 60 and a further two centres screening only patients with risk factors for low 
BMD.  

 

 

The role of national policy/insurance companies in decision making 

Data was available for 13/25 countries including 8/8 countries where there were several (5 
or more) participating centres (figure1). The responses therefore applied to 82/99 (83%) 
participating centres in this study and for the majority of these there were no national 
policy or insurance restrictions to conducting DXA scans in patients at risk of low BMD in the 
context of HCT. Only one responding country (including 3 participating centres) indicated 
national policy restrictions for DXA scanning with an opportunity to conduct DXA scans 
restricted to once every 5 years. Three countries (including 17 centres) indicated that 
bisphosphonates were unlikely to be funded for the treatment of osteopenia by the 
majority of their insurance companies.  Within each of the 8 countries with more than 5 
centres, the approach to investigating and/or managing low BMD was inconsistent between 
participating centres irrespective of whether there were external policy restrictions to 
clinical decision making. 

Discussion 

 
The data presented in this study highlight considerable variation in the approach to 
investigating and maintaining bone health in both adult and paediatric centres after HCT.  
Attention to maintaining bone health through lifestyle advice was high in responding 
centres at approximately 80% for both adult and paediatric centres. Furthermore the 
majority of responding centres (65%) had local guidelines which included bone health. 
There was substantial variation, however, in the use of DXA scanning as a tool to guide 
management. Almost half the participating centres did not have routine triggers for DXA 
scanning. Amongst those that did the indications were variable with 11% responding 
centres scanning all transplant recipients, 20% scanning all allograft recipients and 28% 

                  



scanning patients who had received GC after transplant +/- before.  Although receiving GC 
was the most frequent indication, the dose and duration triggers for prompting DXA 
evaluation were variable. 
 
To some extent the variability seen amongst centres is reflective of some heterogeneity in 
existing transplant-follow up guidelines both in relation to who is screened and also when 
the screening should take place. In the most frequently cited guideline by participants in this 
study (25), DXA screening was recommended for all allogeneic transplant recipients (adult 
and paediatric), and in addition all female patients and those at high risk of bone loss. The 
latter were defined as those with the following: low BMI, physically inactive, hypogonadism, 
secondary hyperparathyroidism or who have received extended GC before or after 
transplant. A second guideline specifically tailored to bone health after HCT recommends 
screening all adult HCT recipients (allogeneic and autologous) after HCT with referral of 
paediatric HCT recipients to a paediatric endocrinologist (28). A previous consensus 
guideline from the CIBMTR, ASBMT and EBMT which was also cited by some participating 
centres in this study recommends DXA scans in adult women and those with prolonged 
glucocorticoids/calcineurin inhibitors (27).  In relation to timing, the most frequently cited 
guidelines recommend DXA at one year post transplant (25,28,27) or else within one year 
(28) and recommend DXA are done ‘sooner’ in the presence of additional risk factors such 
as GC.  Meanwhile, the Childrens Oncology Group long term follow up guidelines which 
include recommendations for children receiving HCT, recommend evaluation of BMD at 
entry into long term follow up which is typically two years after completion of cancer 
therapy (29).  
 
Guidelines on bone health after transplant invariably highlight the significant negative effect 
of GC. In keeping with this, the largest single trigger for DXA scanning in this study was use 
of GC after (25% centres) and/or before HCT (total 28% centres). The dose of GC triggering 
concerns about bone health is quoted as greater than or equal to 5mg prednisolone for a 
duration > 3 months or ‘long term’ in the most frequently cited publications guiding our 
responders (25,26,28).  In our study, however, 19 different GC treatment schedules were 
quoted as triggers for evaluation for BMD and a minority of centres (n= 2) indicated that 
they would arrange a DXA scan for a patient receiving 5mg (or more) a day of prednisolone 
for > 3months (Table 1). A systematic review investigating osteoporosis management 
among chronic GC users also described multiple duration and/or dose schedules used to 
define ‘chronic GC use’ (34). In our study some of the variation is likely to reflect the 
heterogeneity of dose schedules in the non-haematology literature particularly as non-
haematological publications were regularly cited.  Where GC are entered as a risk factor in 
the FRAX tool, the calculation is based on prednisolone doses in the range 2.5mg -7.5mg 
(17). An adjustment can be made for higher doses (> 7.5mg/day) but this may 
underestimate the risk of fracture associated with very high doses (35).  Guidelines from the 
American College of Rheumatology have proposed different steroid dose cut-offs (5mg or 
7.5mg of prednisolone) depending on whether a patient is at high or moderate risk for 
fracture and in addition draw attention to the risks of high cumulative doses of GC (36, 37).  
Data from population studies indicate that in adults greater than 40y of age total cumulative 
dose >1G are associated with an increased risk of fracture; a daily dose >30mg a day with a 
cumulative dose >5g confers a further increased risk (RR 14.4) (38, 39).  
 

                  



Multiple risk factors for low BMD have been described (25,40) and consistent with this in 
our data a number of different risk factors were considered as triggers for DXA scanning. 
However, almost half the centres responding to this survey did not consider any risk factors 
in their decision making and in 15 centres where risk factors alone were a trigger for DXA 
scanning, the median number of risk factors considered was low at three.   

Guidelines indicate that management of established osteoporosis in adult survivors of HCT 
is similar to non-transplant populations and a combined approach with both 
bisphosphonates and calcium/vitamin D is recommended based on clinical trial data. 
Nonetheless this approach appeared under-utilised amongst participating adult centres in 
this study (41% responding centres). This may have reflected the ages of the patients 
undergoing transplant, because the use of bisphosphonates is controversial in children or 
females of child-bearing age.  Denosumab was mentioned infrequently compared to 
bisphosphonates in this study which is in keeping with the fact that while there have been 
several randomised studies and a meta-analysis investigating the use of bisphosphonates in 
patients undergoing HCT (24) there is a lack of randomised data using denosumab in this 
patient group.  Non-pharmacological measures are particularly important in these patients 
and include weight-bearing exercise, adequate dietary intake of calcium and vitamin D and 
assessment for and treatment of any underlying endocrinopathy/ hypogonadism.   

Of 70 responding centres 31% indicated that they would consider using bisphosphonates 
pre-emptively in patients who did not yet have osteoporosis. The most frequent reasons 
given were use of GC and/or GVHD.  This is in keeping with recommendations from the 
American College of Rheumatologists that bisphosphonates together with Ca/vitamin D can 
be used in patients commencing doses of steroids >5mg/day where the duration is likely to 
exceed three months (38). Furthermore it accords with the FRAX tool which recommends 
bone protection therapy in high risk patients (with the caveat of caution in women of 
childbearing age) even where DXA scan data is not available. In patients receiving HCT a 
meta-analysis of 12 studies (n=643 participants) concluded that bisphosphonates were 
promising in both preventing and treating bone loss following HCT (24). Despite these data, 
however, several participating centres were subject to insurance company restrictions that 
limited their prescription of bisphosphonates in the absence of a clear diagnosis of 
osteoporosis.  
 
The majority of responding centres had local guidelines relating to bone health. Notably, 
centres which conducted regular scans were more likely to have a local guideline (94%) and 
also to use a national/international guidelines or a publication (25%, 13/52) to guide their 
practise than those that did not (38% and 4% respectively). Among centres which were 
aware of long term follow up guidelines, there was heterogeneity in the way that centres 
appeared to respond to them indicating poor engagement with their content.  A lack of 
familiarity with long term follow up (LTFU) guidelines is not unique to transplant-physicians. 
In a mailed survey to paediatric oncologists in the United States of America only 33% 
respondents correctly answered three vignette based questions linked to LTFU guidelines 
(41). A disconnect between guidelines and management of bone health in patients receiving 
oral GC has been a feature of several published studies. A review of 29 such studies 
indicated that <40% patients receive appropriate BMD testing or pharmacological 
intervention (34).    

                  



  
 
We can only speculate as to the cause of the apparently poor engagement with low BMD as 
a complication of HCT. It may be that as early literature on this subject hinted at 
improvement in BMD without intervention (7) and evidence of fracture risk in small studies 
was low/inconsistent (43,44) the topic failed to attract attention.  In the last 5 years, 
however, there have been several studies which have heightened concerns about bone 
health in the context of HCT. A large study including more than 7000 recipients of HCT, 
described fractures in approximately 8% patients (23).  For survivors in the age range 45-64y 
the rate of fracture was approximately 8 times higher than the background population. An 
additional study in which 148 patients had prolonged follow up (median 12 years) has 
confirmed persistence of low BMD after HCT with a high prevalence of osteopenia (58%) 
and osteoporosis (18%) 3-5 years after HCT. A trend of improvement commenced only 10-
15 years after transplant (45).   
 
Recent guidelines/recommendations post-dating the time frame of this study have moved 
towards more aggressive monitoring of bone health.  A multi-disciplinary working group on 
bone health and cancer concluded that patients undergoing allogeneic HCT should have a 
DXA at the hip and spine prior to HCT and radiological evidence of prior fracture sought (45).  
A recent paediatric guideline also recommends imaging prior to HCT (DXA at lumbar spine 
and total body) and regular screening for vertebral fracture (30).  
 
It is possible that the complexities of investigating and managing a non-haematological 
condition early in the transplant process when the risks of mortality from the underlying 
haematology condition are a dominant consideration contributes to disengagement with 
this topic.  The cost-effectiveness of early screening needs to be formally evaluated.    
 
There are several limitations to this study. Firstly there was a low response rate of 22%.  It  
seems probable that there was a response bias in favour of centres who were interested in 
bone health and this may have underpinned the relatively large number of participating 
centres that had local guidance about bone health and that gave lifestyle advice to promote 
bone health. If this was the case, it makes the apparent lack of awareness of risk factors for 
low BMD and lack of familiarity with current guidelines particularly striking.  
 

A further limitation of this study is that we are unable to see the full extent to which 
national policy and insurance company restrictions may have played a part in decision 
making within all participating centres. Nonetheless, data representing 83% participating 
centres indicated that the majority had the freedom to follow existing guidelines 
Furthermore, It is clear from our data, that we cannot attribute the substantial 
heterogeneity of practise seen among EBMT centres to these potential restrictions because 
we did not see uniformity of practise within any of the 8 countries represented by multiple 
(5 or more) responding centres.   

 
Conclusion 

                  



This study draws attention to the challenges of recognising and managing a non-
haematological condition that has the potential to impact early in the post- transplant 
transplant clinical course. Robust cost-effectiveness data supporting pathways for 
identifying and managing low BMD in this group of patients may assist implementation of 
this aspect of care. While many centres registered with the EBMT are aware of bone health 
as an issue after transplant, there is inconsistency in practise in relation to screening for low 
BMD and also to managing low BMD. To some extent this reflects lack of familiarity with 
guidelines, but also it appears to be symptomatic of the myriad of guidelines that exist on 
this topic across a variety of disciplines. This highlights the need for development of a 
multidisciplinary guideline with input from all relevant stakeholders and education to 
improve familiarity.  

 
References 
 

1. Petropoulou AD, Porcher R, Herr AL, Devergie A, Brentano TF et al. 2010. Prospective 
assessment of bone turnover and clinical bone diseases after allogeneic hematopoietic 
stem-cell transplantation. Transplantation 89: 1354 – 61.  

2. Yao S, McCarthy PL, Dunford LM, Roy DM, Brown K et al. 2008. High prevalence of early- 
onset osteopenia/osteoporosis after allogeneic stem cell transplantation and improvement 
after bisphosphonate therapy. Bone Marrow Transplant 41: 393 – 398.  

3. Stern JM, Sullivan KM, Ott SM, Seidel K, Fink JC et al. 2001. Bone density loss after 
allogeneic hematopoietic stem cell transplantation: a prospective study. Biol Blood Marrow 
Transpl 7: 257-264. 

4. Pirsl F, Curtis LM, Steinberg SM, Tella SH, Katic M et al. 2016. Characterization and risk 
factor analysis of osteoporosis in a large cohort of patients with chronic graft-versus- host 
disease. Biol Blood Marrow Transpl 22: 1517-1524. 

5. Valimaki MJ, Kinnunen K, Volin L, Tahtela R, Loyttyniemi E et al. 1999. A prospective study 
of bone loss and turnover after allogeneic bone marrow transplantation: effect of calcium 
supplementation with or without calcitonin. Bone Marrow Transplant 23: 355–361.  

6. Yao S, Smiley SL, West K, Lamonica D, Battiwalla M, McCarthy PL Jr et al. 2010 
Accelerated bone mineral density loss occurs with similar incidence and severity, but with 
different risk factors, after autologous versus allogeneic hematopoietic cell transplantation. 
Biol Blood Marrow Transplant 16: 1130–1137. 

7. Schulte CM and Beelan DW 2004. Bone loss following hematopoietic stem cell 
transplantation: a long-term follow-up. Blood 103: 3635-3643. 

8. Anandi E, Jain NA, Tian X, Wu CO, Pophali PA et al. 2016. Factors influencing the late 
phase of recovery after bone mineral density loss in allogeneic stem cell transplantation 
survivors. Bone Marrow Transplantation 51:1101-1106. 

                  



9. Kerschan- Schindl K, Mitterbauer M, Fureder W, Kudlacek S et al. 2004. Bone metabolism 
in patients more than five years after bone marrow transplantation. Bone Marrow Transpl 
34: 491-496.  

10. Ricci P, Tauchmanova L, Risitano AM, Carella C, Mazziotti G et al. 2006. Imbalance of the 
Osteoprotegerin/RANKL ratio in bone marrow microenvironment after allogeneic 
hemopoietic stem cell transplantation. Transplantation 82:1449-56. 

11. Marshall D, Johnell O, Wedel H 1996.  Meta-analysis of how well measures of bone 
mineral density predict occurrence of osteoporotic fractures. British Medical Journal 
312:1254–1259.  

12. Johnell O, Kanis JA, Oden A, Johansson H, De Laet C et al. 2005. Predictive value of bone 
mineral density for hip and other fractures. J Bone Miner Res 20:1185–1194.  

13. Johnell O, Kanis JA 2006 An estimate of the worldwide prevalence and disability 
associated with osteoporotic fractures. Osteoporos Int 17:1726–1733.  

14. Kanis JA, Oden A, Johnell O, De Laet C, Jonsson B, Oglesby AK 2003. The components of 
excess mortality after hip fracture. Bone 32:468–473. 

15. Kanis JA Burlet N Cooper C , Delmas PD, Reginster JY et al. 2008. European guidance for 
the diagnosis and management of osteoporosis in postmenopausal woman. Osteoporosis 
Int 19:399. 
 
16. Leonard M 2003. Assessment of bone health in children and adolescents with cancer: 
Promises and pitfalls of current techniques. Med Pediatr Oncol 41:198-207.  

17. World Health Organization Fracture Fisk Assessment Tool (FRAX).  
http://www.shef.ac.uk/FRAX/ 

18. Donaldson MG, Palermo L, Schousboe JT, Ensrud KE, Hochberg MC, Cummings SR 2009. 
FRAX and risk of vertebral fractures: the fracture intervention trial. J Bone Miner Res 
24:1793–1799. 

1 .  anis  ,  ohnell  ,  d n A,  ohansson H,  cCloskey    2008. FRAXTM and the assessment 
of fracture probability in men and women from the UK. Osteoporos Int 19:385–397.  

20.  r mollieres  A,  ouill s   ,  re niak  ,  aparra  ,  ibot CA,  argent-Molina P 2010. 
Fracture risk prediction using BMD and clinical risk factors in early postmenopausal women: 
sensitivity of the WHO FRAX tool. J Bone Miner Res 25:1002–1009.  

21. Pundole X, Murphy WA, Ebede CC, Karim E, Manocha S et al. 2018. Fracture risk 

prediction using FRAX in patients following hematopoietic stem cell transplantation. 

Archives of Osteoporosis 13: 38 

22. Halton J, Gaboury I, Grant R, Alos N, Cummings EA et al. 2009. Advanced vertebral 
fracture among newly diagnosed children with acute lymphoblastic leukemia: results of the 

                  



Canadian Steroid-Associated Osteoporosis in the Pediatric Population (STOPP) research 
program. J Bone Miner Res 24:1326–1334.  

23. Pundole XN, Barbo AG, Lin H, Champlin RE, Lu H 2015. Increased incidence of fractures 
in recipients of hematopoietic stem-cell transplantation. J Clin Oncol 33: 1364–1370. 

24. Pundole X, Cheem H, Sanchez-Petitto G, Lopez-Olivo MA, Suarez-Almazor ME, Lu H 2017. 
Prevention and treatment of bone loss and fractures in patients undergoing a 
hematopoietic stem cell transplant: a systematic review and meta-analysis. Bone Marrow 
Transplantation 52: 663-670. 

25. Majhail NS, Rizzo JD, Lee SJ, Aljurf M, Atsuta Y et al. 2012. Recommended screening and 
preventive practices for long-term survivors after hematopoietic cell transplantation. Bone 
Marrow Transplantation 47: 337-341. 

26. Hautmann AH, Elad S, Lawitschka, Greinix H, Bertz H et al. 2011.  Metabolic bone 
diseases in patients after allogeneic hematopoietic stem cell transplantation: Report from 
the Consensus Conference on Clinical Practice in chronic graft-verus-host disease. 
Transplant International 24: 867-879. 
 
27. Rizzo JD, Wingard JR, Tichelli A, Lee S, Van Lint MT et al. 2006. Recommended screening 
and preventive practices for long-term survivors after hematopoietic cell transplantation: 
joint recommendations of the European Group for blood and marrow transplantation, the 
Center for international blood and marrow transplant research, and the American society of 
blood and marrow transplantation. Biol Blood Marrow Transpl 12: 138-151. 

28. McClune BL, Polgreen LE, Burmeister, Blaes. AH, Mulrooney DA et al. 2011. Screening, 
prevention and management of osteoporosis and bone loss in adult and pediatric 
hematopoietic cell transplant recipients. Bone Marrow Transplantation 46: 1-9. 

29. Children’s  ncology Group.  ong-term follow up guidelines for survivors of childhood, 
adolescent and young adult cancers: Bone health (Version 4.0—10/13). http://www. 
Survivorship guidelines.org  

30. Kuhlen M, Kunstreich M, Niinimaki R, Dunstheimer D, Lawitschka A et al. 2020. Guidance 
to Bone Morbidity in Children and Adolescents Undergoing Allogeneic Hematopoietic Stem 
Cell Transplantation. Biol Blood Marrow Transplantation 26 e27-e37.  

31. NIH Consensus Development Panel 2001 on osteoporosis prevention, diagnosis and 
therapy. Osteoporosis Prevention, Diagnosis, and Therapy. JAMA 285: 785-95. 

32. Bachrach LK, Sills IN 2011. Clinical Report – Bone densitometry in children and 
adolesents. Pediatrics 127: 189-194. 

33. Havrda JB 2012. Pediatric Bone Densitometry. Radiol Technol 84: 155-177. 

                  



34. Alboum JM, Youn S, Levesque LE, Gershon AS, Cadarette SM 2014.  Osteoporosis 
management among chronic glucocorticoid users: a systematic review. J Popul Ther clin 
Pharmacol 21: e486-e504 

35. Kanis JA, Johansson H, Oden A, McCloskey EV 2011. Guidance for the adjustment of 
FRAX according to the dose of glucocorticoids. Osteoporos Int. 22: 809–16.  

36. Grossman JM, Gordon R, Ranganath V, Deal C, Caplan L et al. 2010. American College of 
Rheumatology 2010 recommendations for the prevention and treatment of glucocorticoid-
induced osteoporosis. Arthritis Care and Research 62: 1515-1526. 

37. Buckley L, Guyatt G, Fink HA, Cannon M, Grossman J et al. 2017 American College of 
Rheumatology Guideline for the prevention and treatment of glucocorticoid-induced 
osteoporosis. Arthritis and Rheumatology 69: 1521-1537. 

38. Van Staa TP, Geusens P, Pols HA, de Laet C, Leufkens HG, Cooper C 2005. A simple score 
for estimating the long-term risk of fracture in patients using oral glucocorticoids. QJM 98: 
191–8.  

39. De Vries F, Bracke M, Leufkens H.G, Lammers J.W, Cooper C, Van Staa, T.P 2007. Frac- 
ture risk with intermittent high-dose oral glucocorticoid therapy. Arthritis and Rheumatism, 
56:  208–214.  

40. Compston J, Cooper A, Cooper C, Gittoes N, Gregson C et al.  The National Osteoporosis 
Guideline Group (NOGG) 2017. UK clinical guideline for the prevention and treatment of 
osteoporosis. Arch Osteoporos 12: 43 

41. Henderson TO, Hlubocky FJ, Wroblewski KE, Diller L, Daugherty CK 2010. Physician 

preferences and knowledge gaps regarding the care of childhood cancer survivors: a mailed 

survey of pediatric oncologists. J Clin Oncol 28: 878-83.  

42. Albaum J, Youn S, Levesque L, Gershon A, Cadarette S 2014. Osteoporosis management 
among chronic glucocorticoid users: a systematic review. J Popul Ther Clin Pharmacol 21: 
e486-4504. 

43. Savani BN, Donohue T, Kozanas E, Shenoy A, Singh AK, Childs RW et al. 2007. Increased 
risk of bone loss without fracture risk in long-term survivors after allogeneic stem cell 
transplantation. Biol Blood Marrow Transplant 13: 517–520.  

44. Wilson CL, Dilley K, Ness K et al. 2012. Fractures among long-term survivors of childhood 
cancer. A Report from the childhood cancer survivor study. Cancer 118: 5920-8. 

45. Anandi P, Jain NA, Tian X, Wu CO, Pophali PA et al. 2016. Factors influencing the late 
phase of recovery after bone mineral density loss in allogeneic stem cell transplantation 
survivors. Bone Marrow Transplantation 51: 1101-1106.  

                  



46. Kendler DL, Body JJ, Brandi ML, Broady R, Cannata-Andia J et al. 2018. Bone 
management in hematologic stem cell transplant recipients. Osteoporosis International 
29:2597-2610. 

 
 

 

 

 

                  


