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Abstract. Organ transplantation is associated withtotal body compartment. Evaluation of the pattern of
relevant bone loss. Bone loss of up to 20% ofbone loss during the first year demonstrated that the
pretransplant bone mineral density (BMD) valuesamount of bone loss was largest within the first 40 days
within the first year after kidney, liver, heart and lung after transplantation and small during the second half of
transplantation has been reported. Patients undergoiribe first year after transplantation. The majority of
transplantation of hematopoietic stem cells provide arpatients showed vitamin D deficiency and secondary
interesting model to study transplantation-induced boné&yperparathyroidism. Bone formation was normal before
loss, especially because most patients do not have prand after transplantation, whereas bone resorption was
existing bone disease. A longitudinal study wasdramatically increased before and after transplantation.
performed in 81 patients undergoing bone marrow otfExposure to glucocorticoids was associated with higher
peripheral blood stem cell transplantation. BMD wasbone loss at spine and femoral neck but not at the total
determined by dual-energy X-ray absorptiometry beforedbody compartment. Our data demonstrate rapid bone
transplantation, at discharge from the hospital, and at é&ss in patients undergoing transplantation of hemato-
and 12 months after transplantation in all 81 patients. Irpoietic stem cells. Bone turnover is characterized by
35 patients BMD was re-evaluated 24 months aftebiochemical uncoupling of bone resorption and bone
transplantation. Vitamin D and parathyroid hormone,formation, changes interestingly pre-existing before
bone alkaline phosphatase as a marker of bon&ansplantation. The observed alterations in bone mass
formation, and N-terminal telopeptide of type | collagenand metabolism emphasize the importance of clinical
as a marker of bone resorption were assessed befoteals with antiresorptive agents to prevent and treat post-
transplantation and in the short-term follow-up 14 and 28ransplantation osteoporosis in this group of patients.
days after transplantation. The majority of patients

(72%) showed normal BMD before transplantation.Keywords: Bone loss; Bone resorption; Organ trans-
However, lower BMD was observed in patients whoplantation, Osteoporosis

had received high-dose cytoreductive chemotherapy
before transplantation compared with those who had

received no chemotherapy or only hydroxyurea. Despite
supplementation with elemental calcium (1000 mg/day)ntroduction
and vitamin D (1000 IU/day), the mean rate of bone loss

. . 0 .
during the first year was 7.2 + 6.3% at the lumbar SplneTransplantation of hematopoietic stem cells either as

0, 0,
11.9 £ 8.1% at the femoral neck and 3.8 + 2.5% at ther:>one marrow or peripheral stem cell transplantation [1,2]

_ . has dramatically improved the survival prospects for
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with conditioning regimensincluding high-dosecyto-
reductive chemotherapy and total-body irradiation
before transplantation.Cure can only be achievedat
the price of considerablemorbidity and mortality, with
an increasingnumberof long-term complicationsafter
transplantationsuch as bone diseasewith bone loss,
osteoporotidractureg7] andavasculanecrosisof bone
[8].

Organtransplantatiorin generalis followed by bone
loss and increasedincidence of fractures[9-11], for
exampleafter kidney [12,13], liver [14,15], heart[16—
18] and lung transplantation19,20]. Rapid bone loss
with adecreasén spinalbonemineraldensity(BMD) as
high as 6.8 + 5.6% at 6 monthsand 8.8 + 7.0% 18
monthsafterrenaltransplantatioil2] is seengspecially
in the first year after transplantationBesidesimmobi-
lization after transplantatiorandthe useof immunosup-
pressive regimens, pre-existing osteoporosis and/or
osteomalacigd21,22] are risk factorsfor occurrenceof
fractures.

Dataonthetemporalsequencef bonelossin patients
after BMT are sparse[7]. In an effort to elucidatethe
etiology and pathogenesisf bonelossin thesepatients,
a prospectivdongitudinal study of BMD andindicesof
mineralmetabolismafter transplantatiorof hematopoie-
tic stemcells wasinitiated. We reportherethe analysis
of 81 long-termsurvivors(survivallongerthanoneyear)
after transplantatiorof hematopoieticstemcells.

Patients and Methods

StudyPopulation

We consecutivelyenrolled 170 patients(agerange18—
58 years)electedto undergobonemarrowor peripheral
blood stem cell transplantationin the Bone Marrow
Transplant Departmentof the University Hospital of
Essen between August 1995 and December 1997.
Exclusioncriteria were disordersknown to affect bone
and mineral metabolism(primary hyperparathyroidism,
multiple myeloma,thyrotoxicosisand serumcreatinine
above 2.5 mg/dl before transplantation) Bone marrow
transplantation(60%) or peripheral blood stem cell
transplantatior{40%)was performedbecause&f chronic
myeloid leukemia(CML) in 48 patients,acutemyeloid
leukemia(AML) in 18 patients hon-Hodgkinlymphoma
(NHL) in 6 patients, acute lymphoblastic leukemia
(ALL) in 4 patients, myelodysplasticsyndromein 2
patientsandosteomyelofibrosigysteomyelosclerosend
severeaplasticanemiain lcaseeach.

During the first year after transplantatior69 patients
died and 20 patientswerelost during follow-up; thus81
patientswere followed for at least12 months.Analysis
wasrestrictedto these81 patients.Sofar 35 of these81
patientshavebeenreassesse?4 monthsaftertransplan-
tation; two patients died during the secondyear of
follow-up.
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StudyDesign

BMD was determinedat the lumbar spine, left hip and
total body. BMD measurementaere done 10-20days
before transplantation,when patients were still out-
patients,at dischargefrom the transplantunit (61 + 27
daysafter transplantation)and at 6, 12 and 24 months
after transplantationBlood and urine for biochemical
analysisof markersof bonemetabolismweretaken10—
20 days before transplantatiorand every 14 days after
transplantatioruntil dischargefrom the transplantunit.
A questionnaire about physical activity, diseases
predisposing for the development of osteoporosis,
family andsocialhistorywasfilled in beforetransplanta-
tion. After transplantationall patientsreceivedl g of
calcium (asthe carbonatesalt) and 1000 IU vitamin D
onceper day. Womenwere treatedwith estrogen(1.25
mg of estrogerequivalent)andgestagerafter transplan-
tation, if not contraindicated.

The hospital ethics committee approvedthe study
protocolandthe patientsgaveinformed consentfor the
procedures.

TransplantationProcedureand Immunosuppressive
Regimen

Before transplantatiorpatientsreceiveddifferent cyto-
reductive chemotherapiegor their underlying hemato-
logic diseaseFor the chronic phaseof CML standard
therapy includes hydroxyureaor busulfanand human
interferon-alphd23], andfor AML [3], ALL [24,25]and
non-Hodgkin lymphoma [26] various well-known and
previously described approachesof induction poly-
chemotherapy.Ninety percent of the patients with
CML in chronic phase had received therapy with
hydroxyureauntil transplantationpatientsundercombi-
nation therapywith interferon-alphastoppedinterferon
medicationwhenelectedio undergaransplantatiofi27].
These patients are hereafterreferred to as the low-
toxicity-chemotherapyroup.

Patientswith CML with excessiveblasts and all
patients with  AML, ALL and NHL had received
different combination chemotherapieswith higher
dosesof cytoreductivemedication. These patientsare
hereafterreferredto as the high-toxicity-chemotheapy
group.

The different standard preparative regimens for
conditioning therapy and for graft-versus-hostlisease
(GvHD) prophylaxis have been describedin detail
previously[2,28]. In the majority of casesfractionated
total-bodyirradiationwith a total doseof 10-12Gy and
cyclophosphamid€60 mg/kg per day on two consecu-
tive days)or busulfan(4 mg/kg perdayon 4 consecutive
days) was part of the conditioning therapy prior to
transplantation. Isolation and decontamination was
startedbefore conditioning therapy; GvHD prophylaxis
with cyclosporinA andmethotrexatevasstartedon day
—1. Intravenous administration of the graft was
performed within 24-48 h after the last course of



346

cyclophosphamie, transfusing the donor cells (for

allogeneic transplantation)or the patient’s cells (for

autologoustransplantation)using either bone marrow
cells (BMT) or peripheralblood stemcells (PBSCT).In

patientswith an HLA-identical related donor without
GvHD, cyclosporinewastaperedand stoppedat day 90
post-transplantion; in patients with an HLA-mis-

matchedor unrelateddonor, after 1 year. Patientswith

acuteGvHD were typically treatedwith cyclosporinA

plus corticosteroidsstartingwith 2 mg/kg body weight
and dose escalationor reduction dependingon the
respons®f GvHD symptomsOtherimmunosuppresge
agents used for treatment of acute GvHD were
monoclonalantibody OKT3 or antithymocyteglobulin.
Parenterahutrition was startedon day —1 with glucose
40%,aminoacids10%andwascompletedoy lipids 20%
starting on day 5. Water and fat-soluble vitamins
supplementedutrition therapy;2001U of ergocalciferol
(vitamin D,) wasincluded.Energyintake was approxi-
mately 147 kj/kg body weight per day.

Chronic GvHD, occurring within the first year after
transplantationand typically not before day 100, was
treated with prednisolone (1-2 mg/kg per day) in
combination with cyclosporin A and mycophenolate
mofetil (MMF). In patients receiving steroids, the
cumulative steroid dose (expressedin prednisolone
equivalentswascalculatedwith the help of the patient’s
medical record and recordedat dischargeand at 6, 12
and24 monthsaftertransplantationThe averagesteroid
dose per day was calculated by dividing the total
cumulative steroid doseby the numberof days. Other
medicationssuch as cyclosporin A and MMF were
documented.

BoneMineral DensityAssessment

BMD was measuredby Dual-energyX-ray absorptio-
metry (DXA) (Lunar DPX-L, Madison, WI) at the
lumbarspine(secondthird andfourth vertebrae)andat
the proximal left femur (femoral neck, trochanter,
Ward’s triangle). A single DXA machinewas usedfor
all measurements.

BMD results were expressedas the number of
standarddeviationsfrom normalvaluesof younghealthy
sex-matchedontrols(T-score)and from normal values
of age- and sex-matchedcontrols (Z-score). Normal
valueswere suppliedby Lunar Corporation(Madison,
WI). Thesedata were obtainedfrom a group of 2588
white womenand men age 20-79yearsin Europeand
the United StatesAccordingto the WHO definition[29],
normal BMD was defined as a T-score > -1 SD,
osteopeniasa T-scoreatthe spine < —1and>-2.5SD
andosteoporosisisa T-scoreat the spine <—2.5SD of
the meanof young, healthycontrols.

A quality assuranceest was performeddaily with a
standardblock of tissue-equivalentaterial with three
bone-simulating chambers of known bone mineral
content and weekly with an anthropomorphicspine
phantom(Hologic).
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Assessmeruf Total Body Composition

Total body compositiorwasmeasuredby (DXA) (Lunar
DPX-L, Madison, WI) as a total-body scan, with the
body compartmentsof fat mass,lean mass (muscle,
fluid, connectivetissue, etc.) and bone mineral. Data
wereexpressedh kilogramsfat massandkilogramslean
mass percentfat massbeingthe fat massrelatedto total
body weightin percentage.

BiochemicalAssessmerdf BoneMetabolism

Urine (not the first morning urine) and a venousblood
samplewere taken between0800 and 1000 hours.The
subjects had no dietary restrictions. Blood was im-
mediately centrifuged, and serum, plasma und urine
were storedat —30 °C until assayperformance.

Serumconcentrationf 25(0OH)-vitaminD (normal
range 10-55 ng/ml) were measuredby a radioimmu-
noassayusing an antibody with specificity to 25(OH)-
vitamin D (Incstar, Stillwater, MN). Plasmaconcentra-
tions of parathyroid hormone (PTH (1-84)) (normal
range 10-60 ng/ml) were measuredby a radioimmu-
noassayusing an antibody with specificity to human
parathyroidhormone(Nicols Institute, San JuanCapis-
trano, CA). Serum concentrationsof bone specific
alkaline phosphatasgBAP) (normal range 8—24 U/l)
weremeasuredby anenzyme-linkedmmunoassaysing
a monoclonal anti-BAP antibody (Alkphase Metra,
Mountain View, CA). The intra- and interassay
coefficientsof variation (CV) were lessthan 10%; the
sensitivitywas 2 UJ/L.

Urinary concentrationsof N-terminal-telopeptie of
type | collagen (NTX) (normal range 5-60 mM/mM
creatinine) were measured by an enzyme-linked
immunoassay(Osteomark,Ostex Inc., USA) using a
monoclonalantibodydirectedagainstthe N-telopeptide-
to-helix intermolecularcross-linkingdomain of type |
collagenisolated from human urine. This monoclonal
antibody doesnot recognizefree cross-links[30]. The
intra- and interassay CVs were less than 9%; the
sensitivity was 25 nmol/l. Urinary concentratiorof free
desoxypyridinoling(free D-Pyr) (normal range1.5-6.1
mM/mM creatinine)asa markerof boneresorptionwas
measuredoy an ELISA using a monoclonalantibody
with less than 2.5% cross-reactivity with free Pyr
(Pyrilinks-D, Metra, Mountain View, CA) and 10%
with cross-linkedpeptidesTheintra- andinterassayCVs
were 8% and 9% respectively;the sensitivity was 25
nmol/l.

Plasmaconcentrationsof transferrin (normal values
230-430mg/dl) weremeasuredby nephelometrysinga
nephelometeranalyzer (Behring, Marburg, Germany).
Intra-assayCV was2.6%, interassayCV, 2.7%.

All ELISAs wereperformedon a 96-well platereader.
All dataobtainedfrom urinary assaysvere standardized
to the urinary creatinine concentrationmeasurecby a
standardcolorimetric method (Boehringer,Mannheim,
Germany).
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Statistical Analysis

Dataarepresentecismeant 1 standardieviationof the
mean.Statisticalanalysiswascarriedout usingthe JMP
program(SAS Institute, Cary, NC).
Forthetransformatiorof BMD changesn annualized
data, differences between consecutive values were
transformed to annualized rates by subtracting the
given value from the previous value and dividing by
the numberof days betweenmeasurementand multi-
plying by 365 days.Student’sgroupedt-testwasusedto
comparedifferencesbetweengroups,and the pairedt-

testwas usedto comparechangesafter transplantation.

Multiple linear regressioranalysiswasusedto evaluate
the relationshipshetweenthe variables.

Results
StudyPopulation

Patient characteristicsof the 81 patients who were
followed for at least 1 year after transplantation(see
Patients and Methods) are summarizedas follows:
length of the hospital stay was 48 + 22 days,agewas
37 £ 10 years (range 18-55 years), body massindex
was 25.5 + 4 kg/n?, 59% of patientswere male, 41%
were female.Eighty percentof the patlentsrecelvedthe
most frequently used conditioning therapy including
total-body irradiation plus cyclophosphamideAnalysis
of the two large populationsof 18 patientswith AML

and 48 patients with CML revealed no difference
concerninglength of hospital stay, age, sex, type of
conditioningtherapy,irradiationdose,HLA match,grip

347

strengthand body massindex. All patientswith AML,

but only 2 patients with CML, had received high-
toxicity chemotherapyTransferrinlevels before trans-
plantation were significantly lower in AML compared
with CML patients (232 £ 35 vs.329 + 44 mg/dl;
p<0.05). This phenomenoris probably relatedto the
different chemotherapyregimensprecedingAML and
CML.

BoneMineral DensityBefore Transplantation

MeanpretransplanBMD, expresseth gramspersquare
centimeterand T- and Z-scores,was normal before
transplantatiorat all sitesof measuremenfTablel). As

summarizedin Fig. 1a, 72% of the patients showed
normal pretransplantBMD, 24% osteopeniaand 4%

osteoporosiatthelumbarspine. The meanlumbarspine
T-score(menvs women:—0.3+ 1.5vs-0.2+ 1.2, NS)

andfemoralneck T-score(menvs women:0.3+ 1.3vs

0.1+ 1.2,NS)werecomparablen menandwomen.The
meanspinal and femoral T-scoreswere higherin CML

patientg(T-scorespine:—0.2+ 1.3; T-scorefemoralneck:
0.3+ 1.1) comparedwith AML (T-scorespine:—0.4+

1.6; T-scorefemoralneck:0.1+ 1.6)or NHL patienty(T-

scorespine:—0.9 + 1.1; T-scorefemoral neck: -0.8 +

1.1). The differencereachedsignificanceat the lumbar
spine and femoral neck between CML and NHL

(p<0.05). The low-toxicity-chemotherapygroup had a
highermeanBMD thanthe high-toxicity-chemotheapy
groupat the femoralneck (T-score:0.5+ 1.0vs —0.3%

1.3,p = 0.02)andWard’s triangle (0.7 + 1.2vs -0.2

1.3,p =0.02),but not at the lumbarspine,total bodyand
BMC.

Table 1. Follow-up of bonemineral densityand anthropometricdatabeforeand after transplantatiorof hematopoieticstemcells

Before TX Discharge 6 months 12 months 24 months
after TX after TX after TX after TX

No. of patients 81 75 77 78 35
BMD splne(g/cmz) 1.2+ 0.1(*) 1.1+ 0.1(7T) 1.1+ 0.1 (NS) 11+0.1 1+04
T-scorespine -0.2+11 -0.6+1.1 -0.9+1.2 -0.9+1.2 -1+11
BMD femoralneck (g/cnt) 1.1+ 0.1(*) 1.0+ 0.2 (17) 0.9+ 0.2(NS) 0.9+0.2 0.9+0.2
T-scorefemoral neck 0.2+1.2 -0.5+1.4 -09+14 -1.1+13 -14+1.2
BMD Ward's triangle (g/cnf) 1.0+0. 2 ** 0.9+ 0.2 (1) 0.8+ 0.2(NS) 0.8+0.2 0.8+0.2
T-scoreWard's triangle 04+1 -0.2£1.2 -0.7£ 15 -1+14 -14%+15
BMD trochanter(g/cn?) 1.0+ 1. 8 **) 0.9+ 0.2 (1) 0.8+ 0.2(NS) 0.8+0.1 0.7+ 0.1
T-scoretrochanter 08+x14 0.1+13 -04+£1.2 -05+11 -1.3+13
BMC (mg) 3139+ 595 3007+ 575 2982+ 534 2955+ 560 2749+ 557
BMD total body (g/cn) 1.2+0.1(% 1.2+ 0.1 (NS) 1.2+ O 1 ) 1.2+0.1 11+0.1
T-scoretotal body 06+1.1 0.3+1.2 0.3+ 1. 0+1.1 -0.4+1.0
Total body (kg) 743+ 14.7 68.1+ 11.7 73+ 13 3 72.6+12.9 66.8+ 12.5
Fat (kg) 247+ 14.8 246+ 8.3 269+ 9.1 248+ 8.3 219+ 7
Muscle(kgz 51.1+ 12 44,6+ 9.4 454+ 9.5 47.3+9.8 448+ 9
BMI (kg/mr) 255+ 4 235+ 3.4 25+ 3.9 248+ 3.5 234+ 3.4

BMD resultsare presentedn absolutenumbers(g/cn?) and T-scores(+ 1 standarddeviation).

TX, transplantation.
P-valuesare givenin parentheses?*, ++ = p<0.001;*,1,§= p<0.01.

*for the differencesbetweenthe pretransplanBMD resultandthe BMD resultat discharge.
tfor the differencesbetweenthe BMD resultat dischargeandthe BMD result6 monthsafter transplantation.
§for the differencebetweenthe BMD result6 monthsand 12 monthsafter transplantation.
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Before transplantation .
Osteoporosis

- 4%

Osteopenia
24%

Normal BMD
20

One year after transplantation )
Osteoporosis

< 5%

Normal BMD
51%

b

Two years after transplantation
Osteoporosis

/ 9%

Normal BMD
51%

Fig. 1. Prevalenceof spinal osteoporosisefore transplantation(a),
and 1 year (b) and 2 years(c) after transplantation Definition of
spinal osteoporosisaccordingto the WHO definition [29]: Normal
BMD, >-1 SD comparedwith young, healthy controls; osteopenia,
<-1 >-2.5SD comparedwith young,healthycontrols;osteoporosis,
<—2.5SD comparedwith young, healthycontrols.

Indicesof BoneTurnoverbefore Transplantation

Data for markersof bone turnover are summarizedin
Fig. 2. Vitamin D levelswerein the lower normalrange
(11 £ 9 ng/ml) and parathyroidhormonelevels in the
upper normal range (45 = 21 ng/ml), indicating pre-
existing vitamin D deficiencywith consecutivesecond-
ary hyperparathyroidismBAP as a marker of bone
formation was within normallimits (16 + 8 U/l), while
the markersof boneresorptionNTX (151 £ 100 mM/
mM creatinine)and DPD (13 + 8 mM/mM creatinine)
showeda dramatic increasebefore the transplantation
procedurehad even started. The high-toxicity-chemo-
therapy and low-toxicity-chemotheapy groupsdid not
differ in pretransplanvitamin D levels (10.8+ 11.2vs

a before tx

b before
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Fig. 2. a—d. Markersof bonemetabolismduring short-termfollow-up
aftertransplantationa N-telopeptideof typel collagen(NTX). b Free
desoxypyridinoline(DPD). ¢ Bone alkaline phosphataséBAP). d
Parathyroidhormone(PTH). Before transplantatiorbone resorption
andboneformationweresignificantly (*p<—0.01)moreincreasedn
patientswho had received high-dosechemotherapy(broken lines)
comparedwith patientswho had receivedlow-dose chemotherapy
(dottedlines). Datafor all patientsare shownas continuouslines.
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12.5+ 10.4ng/ml) or parathyroidhormonelevels (45 +
23 vs 43 + 22 ng/ml), but did differ in levels of BAP
(20.3+ 11vs14.1+ 3.9U/l, p=0.01),NTX (181+ 110
vs 109 + 68 mM/mM creatinine,p = 0.01) and DPD
(17.7+ 9vs 11.4+ 5 mM/mM creatinine,p = 0.01).In
summary, patients in the high-toxicity-chemotherapy
group showed a more pronouncedincreasein bone
resorptioncomparedwith boneformation.

Indicesof BoneTurnoverafter Transplantation

As describedabove,pretransplanbonemetabolismwas
characterizedby severely unbalancedbone turnover,
with a significantrise in boneresorptioncomparedwith
boneformation.Fig. 2 a—dsummarizehe assessmeraf
bonemetabolismin the shortterm after transplantation.
While BAP asa boneformationmarker(Fig. 2a) ranged
within normallimits, NTX and DPD ashboneresorption
markers(Fig, 2b, 2c) were increasedar abovenormal
limits at all pointsin time. Boneresorptionincreasedo
its highestlevels 14 days after transplantationwhile
boneformationfell to its lowestlevels,but therewasno
statisticalsignificancefor the time dependenthangesn
any marker.

25(0OH)-vitaminD levelsdecreasedday 28: 8 + 3 ng/
ml), althoughall patientsreceivedvitamin D supple-
mentationwith their parenterahutrition (2001U vitamin
D, every day). With decreasingvitamin D levels
parathyroid hormone levels increased,highest levels
being found at day 14 after transplantation(Fig. 2d).
Sixty percent of all patients showed parathyroid
hormonelevels above normal (> 60 pg/ml) at day 14
after transplantation.

BonelLossafter Transplantatbn

BMD was determined again at discharge from the
transplantunit, at 6 and 12 monthsafter transplantation
in all 81 patientsand at 24 monthsafter transplantation
in 35 patients AbsoluteBMD valuesaresummarizedn
Table 1; ratesof boneloss during the first and second
yearsare presentedn Figs 3 and 4. In the 35 patients
observedfor 2 yearsBMD showeddramatic changes
duringthefirst yearcomparedvith the secondyear(Fig.
3). Thereforethe patternof bonelosswithin in the first
year was analyzedin greaterdetail in all 81 patients
observedfor at least 1 year. Figure 4 shows the
cumulativeamountof bonelosscomparedvith baseline
at dischargefrom the hospitaland at 6 and 12 months
after transplantationBonelossat the spineandfemoral
neck,the regionswith higheramountof trabeculamone
and higher metabolic activity, was more pronounced
earlyaftertransplantationwhile relevantbonelossatthe
total-bodycompartmenstill occurredduringthe second
half-yearafter transplantation.

Comparing three time intervals during first year
(interval I, betweenbaselineand dischargefrom the
hospital;intervalll, betweendischargeérom the hospital
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Fig. 3. Bonelossat different sitesof measurement and?2 yearsafter
transplantationAnalysis of datain the 35 patientsobserved? years
after transplantatiorshowedthat bone loss was significantly higher
duringthefirst thanduringthe secondyearat all sitesof measurement
(seep-valueswithin the figure). Bone loss during the first year was
significantly higherat the femoralneckthanat the spineandthe total
body (spine vs femoral neck, p=0.0001; spine vs total body,
p=0.0001,; total body vs femoral neck, p=0.0001). Bone loss
during the secondyear was significantly lower at the spine than at
the femoral neck (p=0.05) and at the total body (p=0.006).
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Fig. 4. Sequentialbone loss during first year after transplantation.
I, cumulative bone loss from baseline until dischargefrom the
transplantunit; Il cumulativeboneloss from baselineuntil month 6

after transplantation;lll cumulative bone loss from baselineuntil

month 12 after transplantation.

and month 6 after transplantationjnterval lll, between
month 6 to month 12 after transplantation), the
differencesregardingboneloss betweentime interval |

andlll werehighly significant(p<0.0001)at all sitesof
measuremenf(The differencesbetweentime interval Il

andinterval | were significantat the spine(p = 0.0001)
andfemoralneck (p = 0.0007)but not at the total body.
The differences between interval Il and Il were
significantat the total body (p = 0.0001)but not at the
spineandfemoral neck.

Influenceof Corticosteroidson BMD and Bone
Metabolismon BonelLoss

Corticosteroiduseis alwaysdescribechsassociatedvith
boneloss after organtransplantationput we could not
showa cleardose—effectelationshipbetweenboneloss
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after transplantationand the cumulative steroid dose
applied.This wastrue at all pointsof time — at discharge
aswell as6 monthsand 12 monthsafter BMT.

During the first year after transplantation only 10
patientshad not receivedany steroids while 71 patients
had receivedsteroidswith an averagedoseof 34 + 25
mg prednisoloneequivalentper day. The differencein
bone loss betweensteroid and no-steroid patientswas
significantfor the spine(-1.1+ 6.3%vs —-8.1+ 5.9%,
p=0.0027) and the femoral neck (-5.4 + 7% vs —13
* 9%, p=0.05), but not for the total-bodycompartment
(-3.3%+ 2.7%vs 3.8+ 2.5%, NS).

During the secondyear after transplantation 7 of the
35 patientsreassessedfter 2 years had not received
steroidswhile 28 patientshadreceivedsteroidswith an
averageadoseof 12+ 10 mg/day.Thedifferencebetween
steroid and no-steroidpatientsdid not reachstatistical
significanceat eitherthe spine(-0.76+ 6.6%vs 5.1+
4.8%, NS), the femoral neck (-3.9 + 4% vs —0.19 +
2.8%,NS) or the total-bodycompartmen{—-2.11+ 3.2%
vs —0.44+ 1.1%,NS).

Markersof bonemetabolismbeforeandat day 14 and
28 after transplantationdid not differ betweensteroid
and non-steroidgroups. Even if the small number of
patientswho did not usesteroidsaffectedthe results the
dataemphasizehat the disturbancen bonemetabolism
must be influenced by other factors besides corti-
costeroids.

Influenceof Typeof Transplantationon BonelLoss

Of the 81 patients, 5 (6%) were managed with
autologous transplantation, 21 patients received a
transplantfrom a nonrelateddonor, 17 (21%) from a
donorwith HLA identity, and4 (5%) from a donorwith
HLA mismatch;55 patientsreceivedthe transplanfrom
a relateddonor, 45 (55%) with HLA identity and 10
(12%) with HLA mismatch.

The comparisorof the 5 patientswho hadreceivedan
autologoustransplant(no steroidsduring the first year
after transplantation)and the 76 patients who had
received an allogeneic transplant(mean daily steroid
doseof 32 + 25 mg/day)revealedsignificantdifferences
in bonelossduring the first yearafter transplantatiorat
the spineand femoral neck. The post-autologos group
lost significantlylessbonemassthanthe post-allogeneic
groupatthespine(-0.83+ 5%/yearvs—7.6+ 6.2%/year,
p=0.02),atthe femoralneck(—0.49+ 2.9 %/yearvs—13
+ 9.3 %l/year,p=0.02) and at Ward’s triangle (0.97 +
3.5%/yearvs —8.5 + 5.56 %/year,p=0.006), but not at
the total body (-4.1+ 2 %l/yearvs —3.66+ 2.5%/year),
p=0.034).

Comparisorof the 21 patientswith un-relateddonors
and the 53 patientswith related donors (mean daily
steroid dose 41 + 28 mg/day vs 28 + 24 mg/day,
p=0.06) revealedno significantdifferencein boneloss
during first year after transplantatiorat any site.
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Identificationof a Risk Profile for High BoneLossin
the Different Time Periods

To furtheranalyzethe specificrisk factorsfor high bone
lossin the different time intervals, we comparedbone
lossin relationto age,sexandthe type of chemotherapy
beforetransplantationTherewasno correlationbetween
ageandamountof bonelossat any site of measurement
or time interval. Bone loss did not show gender-
dependentloss at any site of measurementor time
interval. Bone loss in high-toxicity-chemotherapy
patientsdid not differ from that in the low-toxicity-
chemotherapyat any site of measurementor time
interval.

Occurrenceof Fracturesand AsepticBoneNecrosis
During Time of Observation

Onepatientsufferedfrom a vertebralfracture18 months
after transplantation.The patient was male, and the
fractureoccurredatage20years;hehadreceive43 g of

prednisoloneequivalentduring the first yearand 5.8 g

during the secondyear after transplantation.

Three patients suffered from asepticbone necrosis.
Patient 1 (female, 38 years, cumulative prednisolone
during first year 8.5 g, during secondyear 0 g), had
necrosisof the right hip 20 monthsafter transplantation
receivinga total endoprosthesisn patient2 (female,27
years, cumulative prednisoloneduring first year 12 g,
during secondyear 1.6 g) a hip necrosisoccurred5
monthsafter transplantatiorand in patient3 (male, 34
years,cumulative prednisoloneduring first year 5.6 g,
during secondyear5 g) necrosisof the kneeoccurred4
monthsafter transplantation.

Discusson

This prospective study in hematopoietic stem cell
recipients documentsthat the hematologic disorders
treated by transplantationof hematopoieticstem cells
themselvesareassociatedvith substantiabonelossand
increased bone turnover. PretransplantBMD values
differed according to the underlying disease, with
lower BMD in patientswith acuteleukemiasand NHL
comparedwvith CML, andtherewasa dramaticincrease
in boneresorptionseenbeforetransplantationThe post-
transplantperiod was characterizedy rapid boneloss,
which did not differ betweermenandwomenor old and
young, and occurred despite supplementationwith
vitamin D and calcium in all patientsand estrogenin
mostwomen.Bonelosswaslower in the smallsubgroup
of 5 patientsafter autologoustransplantatiorcompared
with allogeneictransplantationThe temporalpatternof
bone loss showeda dramatic bone loss preferentially
during the first 2 monthsafter transplantatiorand little
bonelosslaterthan6 monthsaftertransplantationRapid
bone loss during first post-transplantyear was most
pronouncedt the level of spineandfemoralneck(sites
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with a predominanceof trabecularbone) and signifi-
cantly lower at the total body, characterizingspineand

hip asthe rapid-responsenetabolicbone compartment.

During the second year after transplantationpartial
recoveryof spinal bone masswas seenwhile femoral
andtotal-bodybonemasscontinuedto decrease.

There are only sparsedata about the incidence of
osteoporosisafter BMT [7,31,32] and the temporal
sequenceof bone loss after transplantatiomof hemato-
poietic stemcells [7]. Kelly etal. [31] and Bhatiaet al.
[32] demonstratedin cross-sectionalstudies a small
collectivereductionin bonemassafter BMT. Ebelinget
al. [7] provided cross-sectionatlataon 83 patientsand
furthermoreprospectivedatain 39 patientsfollowed for
a medianof 30 months after transplantation.In their
studypost-allogeni@MT bonelosscorrelatedbestwith
the cumulative prednisolonedose,with a rate of bone
lossof 4% per10 g prednisolonat the spineand9% per
10 g prednisoloneat the femoral neck.

The observatiorthat bonelossafter transplantations
greatestduring the first year and especially the first
monthsaftertransplantations in generalagreementvith
the findingsafter heart[16,17,33],kidney [12] andliver
[34] transplantation. We also demonstrated partial
reversibility of the processat the spine, but not at the
other compartments,during the second year after
transplantation- a phenomenonwhich has also been
observedn othertransplantsituations[35,36].

Bone metabolismin the pretransplanand early post-
transplant period was characterizedby vitamin D
deficiency,a slight increasein parathyroidhormonein
responseto the falling vitamin D levels, normal bone
formationanda markedincreasdan boneresorption.The
observedpatternof bone metabolismdiffers from data
after other organ transplantationwith regard to the
amountandtemporalsequencef changeskFirstly, such
excessiveincreasein bone resorption has not been
observed after other types of transplantation. This
increasean boneresorptions notaresultof cyclosporine
medication,which is not in usefor the first weeksafter
transplantationgr steroidswhich do not influencebone
resorptionto suchanintensedegree Thereforewe have
to hypothesizethat the dramatic increasein bone
resorptionis the result of the acute catabolic reaction
to the tremendousamountof toxins applied. Secondly,
the dramaticincreasein bone resorptionwas not only
observedafter transplantationput already at baseline.
The pretransplandifferencein levelsof boneresorption
markers between the low- and the high-toxicity
chemotherapygroups disappearedapidly after trans-
plantation. We hypothesizethat patients with low-
toxicity chemotherapygo through a phase of rapid
bonelosswith highly toxic conditioningtherapyas part
of the transplantationprocedure,while patients after
high-toxicity chemotherapyhad already gone through
this phaseof rapid bonelosswith chemotherapyr-urther
studiesneedto be performedto determinethe influence
of chemotherapyitself on bone metabolismand bone
loss.Boneformationis influencedin differentdirections
by the different immunosupprssantswith an increase
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under the influence of cyclosporin A and a decrease
under steroids. The minor changesin bone alkaline
phosphatasebserveddo not allow an interpretationof
the relevanceof different influences.Rises in para-
thyroid hormonelevelsare partly a resultof the vitamin
D deficiency but furtherstudiesareneededo illuminate
in detailtheregulationof parathyroichormonereleasén
the situationof acuteillness.

Osteoporosisafter organ transplantationis often
summarized as a steroid-induced bone loss with
consecutiveosteoporosisWhile the associatiorbetween
steroidtherapy,boneloss and vertebralfracturesseems
to bewell established11,37-39],it is lessclearwhether
the steroid medicationitself or the underlying disease
treatedby steroidsis the reasorfor boneloss.Boneloss
may be due to coexisting independentfactors that
influence BMD, such as the severity of the disease
[40,41] andthe inflammatoryprocesseingtreated[42].
In manystudiesprospectivelyfollowing bonelossunder
influence of steroids,a clear relationship betweenthe
applied steroid dose and the amount of bone loss is
missing, e.g., in patients with inflammatory bowel
disease[43—45]. This also provesto be true in organ
transplantationin which a cleardose—effectrelationship
is lacking [19,46]. Our data revealed a significant
differencein the amountof boneloss betweenpatients
with and without glucocorticoid exposureonly at the
lumbar spineandfemoralneckduring the first year, but
not at the total-bodycompartment.

Although bone loss is seen associatedwith the
transplantationmultiple treatmentconditionsto which
patientsare subjectedshortly after transplantatiorcould
not be provenas predictorsfor bonelossandincreased
bone turnover. In liver transplantation, menopause,
cholestatidiver diseasg34], durationof immobilization
aftertransplantatiof46] andchronicalcoholabusewere
namedas the principal contributing factors for osteo-
porosis.In hearttransplantrecipients,Sambrooket al.
[17] foundosteocalcirto be the only predictorof lumbar
spineboneloss,while age,corticosteroidandcyclospor-
in A doseJeanbody massandbody massndexwerenot
suitable as predictorsof bone loss. Ebeling et al. [7]
showedthat post-allogenicBMT bone loss correlated
bestwith the cumulativeprednisolonelose(4% per10g
prednisoloneat the spineand 9% per 10 g prednisolone
atthe femoralneck).In our seriesneithersex,age,body
massndexbeforeor aftertransplantationlossof muscle
or fat massnor cumulative corticosteroid dose were
useful predictorsfor the amountof boneloss. The only
factor favorably influencingbonelosswasreceiptof an
autologous transplant. Thus, there is as yet no
establishedisk panelfor bonelossafter transplantation
of hematopoieticstemcells,buttherapidbonelossurges
the establishmenbf therapeuticand preventivestrate-
giesfor thesepatients.Preventingboneloss associated
with transplantatiorratherthan treating osteoporosiss
more appealingbecausethe increasedrisk of fracture
canbe avoidedandthe microarchitecturef bonecanbe
preserved.The supplementatio of transplantpatients
with calciumandgenuinevitamin D is acceptedbut our
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dataconfirm previousstudiesshowingthat while bone
losscanbe slowedit is not stopped18]. Treatmentwith
calcitoninin additionto calcium supplementatio could
alsonot preventbonelossafter allogeneicbonemarrow
transplantation [47]. Bisphosphonatesare especially
useful for preventing bone loss in situations with
biochemicalproof of increasedoneresorptionsuchas
the perimenopausd48,49] and use of corticosteroids
[50,51]. Thosepatientswith the highestincreasen bone
resorptionsuffer most from boneloss without therapy;
however,thesepatientsshow bestresponseto therapy
with antiresorptiveagents[52]. Furtherstudiesneedto
be performedto determinethe role of early intervention
with highly potentbisphosphonateafter transplantation
to preventrapid bone loss after transplantation.Such
therapy should consequently preserve the normal
microarchitecturef boneandreducelong-termfracture
risk in thesepatients.
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