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A case-control study was conducted among lItalian children treated with a stem cell
transplant (SCT). Cases (n=43) were allogeneic recipients with osteonecrosis, and the
controls (n=129) were matched to the corresponding cases on the basis of survival,
SCT center and date of transplant. Univariate analysis showed that older age at SCT
(OR 1.39; 95% Cl 1.24-1.57), total body irradiation (TBI) (OR 5.73; 95% Cl 2.38-
13.83), chronic graft-versus-host disease (GvHD) (OR 4.31; 95% CI 2.05-9.07), and
duration of steroid treatment after SCT (OR 1.118; 95% CI 1.034-1.209) were statisti-
cally correlated with osteonecrosis. However, multivariate analysis revealed that the
only factors that were significantly associated with osteonecrosis were older age at
SCT (p=0.0001), TBI (p=0.001) and chronicGvHD (p=0.001).
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steonecrosis is a clinical condition
O that is frequently reported following

stem cell transplantation (SCT), but
only few studies have examined this compli-
cation in children.”” Older age at transplant is
considered an important risk factor for
osteonecrosis, as is allogeneic SCT, acute
and/or chronic graft versus host disease
(GvHD), type of primary disease, and total
body irradiation (TBI)."*%%*° Steroid adminis-
tration has also been indicated as a possible
risk factor in many reports, but only few stud-
ies actually analyzed the effects of cumulative
dose or duration of treatment and controver-
sial results were obtained.***** We analyzed
the effects of cumulative dose and duration of
steroid treatment, as well as of other possible
risk factors for osteonecrosis in a group of
Italian children undergoing allogeneic SCT.

Design and Methods

A 1:3 case-control study design was used,
involving the allogeneic SCT recipients who
were enrolled in the Italian Association of
Pediatric Hematology and Oncology (AIEOP)
- SCT Registry, and who were treated
between 1989 and 2002 at any one of the
AIEOP centers. Cases were defined as chil-
dren who developed clinically and radiologi-
cally documented osteonecrosis after allo-
geneic SCT. Patients affected by metabolic
storage diseases or osteopetrosis, as well as
those who developed osteonecrosis prior to
the first or following a second SCT were
excluded.
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Matching criteria

Controls had to be allogeneic recipients
without osteonecrosis. They were matched
to the corresponding case according to spe-
cific characteristics with the following order
of importance: survival equal to or greater
than the interval between transplant and
osteonecrosis; AIEOP - SCT center; date of
transplant. Data concerning demographics,
type of primary diagnosis, date and type of
transplant, conditioning regimen, and GvHD
(grade, duration and treatment) were
retrieved from the AIEOP - SCT Registry for
each study subject. Further information was
also collected regarding radiation (field,
cumulative dose, and fractioning) and on the
administration of steroids, either before or
after SCT. Steroid therapy before SCT was
coded as either administered continuously
or not administered continuously for at least
3 weeks, while the cumulative dose that was
received after SCT, if given, was calculated
and converted to the equivalent dose of
methylprednisolone. Data regarding any
event or treatment after SCT among controls
were censored at the time interval after SCT
when the corresponding case was diagnosed
with osteonecrosis.

This retrospective study was approved by
the AIEOP-SCT board, and data were col-
lected anonymously. Moreover, all the SCT
patients or their guardians had previously
signed a consent form allowing us to use
their data for clinical research purposes. The
procedures we followed were in accordance
with the our institution's ethical standards
and with the Helsinki Declaration.



According to Italian guidelines, no other specific
informed consent was required.

Standard peri-transplant and post-transplant
management

In general, radiotherapy, either TBI or thoracoabdom-
inal irradiation (TAI), was only used in the conditioning
regimen to treat malignancies. TBI was administered
either in three fractions of 330 cGy/day (total dose 990
cGy), or in six fractions of 200 cGy /twice a day (total
dose 1200 cGy), while TAI was administered in a single
dose of 600 cGy. GvHD was usually treated by steroids
associated with immunosuppressive drugs, which were
then tapered according to the patient's clinical condi-
tions.

Statistical analysis

Data are described as absolute and relative frequen-
cies for categorical variables, and as means with stan-
dard deviation (SD) and medians for continuous vari-
ables. Univariate analysis was initially carried out to
determine which risk factors were significantly associat-
ed with the risk of osteonecrosis. Logistic regression
analyses were used for each variable, and the results are
reported as odds ratio (OR) with their 95% confidence
intervals (CI). The absence of exposure to the factor or
the variable that was less likely to be associated with
the risk of osteonecrosis was used as the reference for
each analysis we performed. Once the effect of the
underlying disease had been evaluated, and the results
showed that the diagnoses were heterogeneous, we
grouped them into three categories which were defined
as: 1) non-oncological diseases, ii) lymphoid malignan-
cies and iii) myeloid malignancies. With regards to
radiotherapy, few other treatments besides TBI or TAI
were administered to irradiated patients. Radiotherapy
did not involve long bones in any of these cases, thus
only TBI or TAI were considered possible risk factors.

Multivariate analysis was then performed, and only
variables that proved to be of statistical significance or
borderline significance in univariate analysis were
included in the model, which had a p value <0.07 as the
cut-off. The model showing the best fit was based on
backward stepwise selection procedures, and each vari-
able was removed if it did not contribute significantly.
In the final model, a p value <0.05 was considered sta-
tistically significant, and all p values were based upon
two-tailed tests. Statistical analyses were performed
using SPSS for Windows (SPSS Inc, Chicago, lllinois,
USA).

Results and Discussion

Eight (53%) of the 15 AIEOP-SCT centers agreed to
participate in this study. Altogether, they had performed
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Table 1. Characteristics of patients with Osteonecrosis and
matched controls.

Characteristics of Cases Controls
patients N =43 N=129
Age at SCT, years 13.1£3.2 8.06+4.2
Gender, n (%)

Male 18 (42) 75 (58)

Female 25 (58) 54 (42)
Underlying diseases, n (%)

Acute lymphocytic leukemia 22 (51) 52 (40)

Acute myeloid leukemia 8(19) 24 (19)

Severe aplastic anemia 5(12) 15 (12)

Non-Hodgkin's lymphoma 5(12) 2(2)

Chronic myeloid leukemia 2(5) 15 (12)

Inborn errors 1(2) 9(7)

Myelodysplastic syndrome - 7(5)

Histiocytosis - 5(4)
Donor type, n (%)

Related donor 26 (61) 88 (68)

Unrelated donor 17 (39) 41 (32)
Radiotherapy, n (%)

No 7(16) 68 (53)

Yes 36 (84) 61 (47)
Type of TBI, n (%)

Six fractions (1200 cGy) 18 (50) 57 (79)

Three fractions (990 cGy) 18 (50) 13(21)
Grade of acute GvHD, n (%)

Absent 6 (14) 35(27)

1-2 28 (65) 70 (54

3-4 9(21) 24 (19)
Grade of chronic GvHD, n (%)

Absent 13(31) 84 (68)

Limited 13(31) 25 (20)

Extensive 16 (38) 14 (11)

1,091 allogeneic SCT in as many children, and reported
that 43 (3.9%) patients had developed osteonecrosis.
Osteonecrosis was diagnosed at a median age of 14.4
years (mean 14.4+3.9) and at a median interval of 10.8
months (mean 15.6+22) after SCT. We were able to
identify three controls for each case, i.e., a total of 129
transplanted subjects without osteonecrosis. The main
characteristics of the two groups are reported in Table 1.
Univariate analysis (Table 2) showed no significant
effects with regards to donor type, continuous steroid
use prior to SCT, or acute GvHD, while only a border-
line increased risk of osteonecrosis was observed for
females and for patients with a diagnosis of acute lym-
phocytic leukemia or non Hodgkin’s lymphoma. The
factors that were found to be significantly associated
with an increased risk of osteonecrosis were: having
received SCT at an older age (13.1+3.2 vs. 8.1+4.2 years;
OR 1.39; 95% CI 1.24-1.57), or having received radio-
therapy as part of the conditioning regimen (OR 5.73;
95% CI 2.38-13.83). Among patients treated with radio-
therapy, those who received TBI in three fractions had
a 4.74 fold increased risk of osteonecrosis (95% CI 1.78-
12.63) as compared to those treated with six fractions.
Other factors that were found to be related to an

increased risk of osteonecrosis were longer duration of
acute GVHD (OR 1.01; 95% CI 1.002-1.027), and of
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Table 2. Clinical risk factors for osteonecrosis following allogeneic
SCT: univariate analysis.

Table 3. Risk factors for osteonecrosis: multivariate logistic regres-
sion analysis.

Risk factors No cases No controls OR 95% CI p

N=43 N=129
Age at SCT, years 13.1#32 81#42 139 (1.24-1.57) 0.0001
Gender

Male 18 75 ref

Female 25 54 193 (0.96-3.88) 0.06
Underlying disease

SAA, MDS, inborn errors, 6 36 ref

histiocytosis

AML, CML 10 39 154 (0.51-4.66) 0.053

ALL, NHL 21 54 299 (1.13-7.99)
Donor type

Related donor 26 88 ref

Unrelated donor 17 41 1.4 (0.69-2.87) 0.35
Radiotherapy

No 7 68 ref

Yes 36 61 5.73 (2.38-13.83) 0.0001
Type of Radiotherapy

TBI six fractions 18 48 ref

(1200 cGy)

TBI three fractions 16 9 4.74 (1.78-12.63) 0.008

(990 cGy)

TAI single dose 2 4 133 (0.22-7.92)

(600 cGy)
Acute GvHD

No 6 35 ref

Yes 37 94 229 (0.89-591) 0.08
Grade of acute GvHD

Absent 6 35 ref

12 28 70 233 (0.88-6.15) 0.225

34 9 24 219 (0.69-6.95)
Duration of acute GvHD, 51.5+32 37.5+30 1.014 (1.002-1.027) 0.02
(days)
Chronic GvHD

No 13 84 ref

Yes 30 45 431 (2.05-9.07) 0.0001
Grade of chronic GvHD

Absent 13 84 ref

Limited 13 25 336 (1.38-8.17) 0.0001

Extensive 16 14 7.38 (2.93-18.62)
Duration of chronic GvHD, 32.1+36  18.4+19 1.02 (1.000-1.037) 0.05
(months)
Continuous steroids before SCT

No 17 49 Ref

Yes 26 80 094 (0.46-1.90) 0.86
Continuous steroids after SCT

No 1 26 ref

Yes 42 103 1053 (1.39-79)  0.02

Duration of steroids 7.9+55 5.4+4
after SCT, (months)
Cumulative dose of

MPD (mg/Kg)

1.118 (1.034-1.209) 0.005
124.8+96 109.7+99 1.001 (0.998-1.005) 0.41

SAA: severe aplastic anemia; MDS: myelodysplastic syndrome; ALL: acute

I m]gl)hag/tic leukemia; AML: acute myeloid leukemia; CML: chronic myeloid
izw emia; NHL: non Hodgkin’s lymphoma; TBI: total body irradiation;
TAI: thoracoabdominal irradiation; GvHD: graft-versus-host disease;

MPD: methylprednisolone; ref.: reference.

chronic GvHD (OR 4.31; 95% CI 2.05-9.07), with a
strong correlation with the grade of chronic GvHD
(Table 2). Comparison between limited and extensive
chronic GvHD alone showed that children with exten-
sive disease had a 2.20 fold increased risk of osteonecro-
sis (95% CI0.82-5.86), but the difference was not statis-
tically significant (#=0.12). Finally, the continuous use of
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Risk factors OR 95% CI p
Chronic GvHD
Absent Ref. 0.001
Limited 1.7 (0.54-5.31)
Extensive 9.7 (2.86-32.8)
Radiotherapy during conditioning regimen
No Ref. 0.002
TBI six fractions (1200 cGy) 2.9 (0.83-10)
TBI three fractions (990 cGy) 20.0 (3.99-100)
TAI single dose (600 cGy)  16.7 (1.62-172)
Age at SCT, years 1.44 (1.24-1.68) <0.0001

Ref.: reference; GvHD: graft-versus-host disease; TBI: total body irradiation;
TAI: thoracoabdominal irradiation; cGy: centigrays.

steroids after SCT was found to be a significant risk fac-
tor for osteonecrosis (OR 10.53; 95% CI 1.39-79;
p=0.02), as was their use for longer periods of time
(7.9+£5.5 months among cases vs. 5.4+4.0 months
among controls; »=0.005). However, no significant dif-
ferences were found when the cumulative dose of
methylprednisone administered after SCT was taken
into consideration (124.8+96 mg/kg among cases, vs.
109.7+£99 mg/kg among controls; p=0.41).

Multivariate logistic regression analysis (Table 3)
showed that the only factors that were significantly
associated with an increased risk of osteonecrosis were;
extensive chronic GVHD (OR=9.7; 95% CI 2.87-32.8,
p=0.001), TBI administered in three fractions (OR=19.2,
95% Cl 4.16- 89; p=0.001), and older age at transplanta-
tion (OR=1.45, 95% CI 1.25-1.68; p=0.0001).

To our knowledge, this is the first report that specifi-
cally focuses on the analysis of risk factors for
osteonecrosis after allogeneic SCT in children. The
8.9% incidence we observed is within the 0.83%-9%
range reported in the only two studies which also
included pediatric patients.*® It must be pointed out,
however, that in our series, as in others, the incidence
may be slightly underestimated since heterogeneous cri-
teria for diagnosis were adopted. In these studies, chil-
dren always had a lower incidence of osteonecrosis
than had adults, and the risk increased with age at SCT
in our study. We believe that this could be explained by
the fact that a growing bone has a greater ability to
remodel after any injury that may occur during treat-
ment.

The possible role of steroids as a causative factor of
osteonecrosis was speculated in only few other reports
involving leukemic children treated with front line ther-
apy. However, these studies reported a lower (between
1.1% and 1.8% ) incidence of osteonecrosis.”™ Fink et
al.,in a 1:1 case-control study on adult recipients of allo-
geneic or autologous SCT, observed an increased risk of



osteonecrosis due to steroids and TBI, but did not
demonstrate any effect related to the duration of steroid
use.’ In another study on allogeneic SCT recipients,
Socié et al® did not directly analyze the effect of
steroids, but, they did hypothesize an indirect associa-
tion between GvHD and steroid treatment since
patients without GvHD in their series had a lower risk
of osteonecrosis. In our study, continuative and longer
use of steroids after SCT were found to be associated
with the risk of osteonecrosis, but their effects disap-
peared in multivariate analysis; moreover, no effects
related to cumulative dose were observed. The role
played by steroid administration prior to SCT does not
seem to be important. In fact, univariate analysis
showed that, neither steroid administrated prior to SCT
nor a primary diagnosis of acute lymphoblastic
leukemia or non-Hodgkin’s disease requiring prolonged
steroid treatment were significant for the risk of
osteonecrosis.

We found that TBI (in particular when given in 330
cGy fractions for 3 days), chronic GvHD, and older age
at SCT are the most important determinants of
osteonecrosis after SCT. We hypothesize that
osteonecrosis is mainly due to vascular damage second-
ary to the synergistic effect of cGvHD and TBI. In fact,
vascular damage may be the consequence of early and
late toxicity of radiotherapy, which is known to induce
both a reduction in the number of osteoblasts and
micro-vascular changes due to sub-intimal fibrosis and
thickening of the median layer of small vessels.” Animal
models have also demonstrated that vascular injury
with intimal hyperplasia and adventitial fibrosis is the
primary event of chronic GVHD, which will eventually
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lead to narrowing of the arterial lumina, and tissue
ischemia." We hypothesize that, as suggested by Socie
et al., steroids per se do not significantly increase the risk
of osteonecrosis, but that they are a surrogate marker of
GvHD. The fact that patients treated with six fractions
of TBI (total dose 1200 cGy) had a lower risk than those
treated with three fractions (total dose 990 cGy) is not
surprising. It is well known that administering radio-
therapy twice a day (200 cGy per fraction) has a higher
killing effect on cancer cells and lower biological toxici-
ty on the surrounding tissues as compared to radiother-
apy given in a single dose (330 cGy). This strategy of
dividing the daily dose therefore reduces the risk of
early and late complications secondary to radiotherapy.
We cannot comment on the effect of single dose admin-
istration of TAI due to the small number of children
treated with this technique.

In conclusion, changes in blood fluid after TBI and/or
chronic GvHD-related vasculitis in a bone that has like-
ly become osteoporotic because of prolonged steroid
treatment, as well as a history of chronic disease and
irradiation all represent predisposing factors for the
development of osteonecrosis.
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