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preliminary results from a cohort study in Sweden,
Finland and Denmark.” Not published at any
official site.
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Hodgkin lymphoma (HL) are scarce. The aim of this study was to examine the incidence,
risk factors, and outcome of sON in children treated for HL.

Procedure: A total of 490 children under 18, diagnosed with HL between 2005
and 2019 in Sweden, Finland, and Denmark were eligible for the study. Data on
patient characteristics, HL treatment, and development of sON were collected from
patients’ medical records. Magnetic resonance imaging scans were used to establish
ON diagnosis and grade ON according to the Niinimaki grading system.

Results: Cumulative 2-year incidence of SON among the 489 included patients was
5.5% (n = 30). The risk for developing sON was higher for those with older age (odds
ratio [OR] 1.25, 95% confidence interval [Cl]: 1.05-1.49, p < .010), female sex (OR 4.45,
Cl 1.87-10.58,p <.001), high total cumulative glucocorticoid (GC) doses (OR 1.76,95%
Cl: 1.21-2.56, p = 0.003), and advanced HL (OR 2.19, 95% CI: 1.03-4.65, p = .042). Four
(13.3%) patients underwent major surgical procedures and 13 (43.3%) had persistent
symptoms due to ON at follow-up.

Conclusions: This study shows that sON is as common in pediatric HL as in pediatric
ALL, with risk factors such as older age, female sex, high cumulative GC doses, and

advanced HL. Future HL protocol development should aim to reduce the burden of ON

KEYWORDS

1 | INTRODUCTION

Hodgkin lymphoma (HL) is one of the most common malignancies
in teenagers and young adults aged 12-29, with approximately 80
new pediatric cases in the Nordic countries each year.! Over the
past decades, treatment for pediatric HL has been adjusted to mini-
mize toxicities and late complications, with a special focus on reducing
radiation burden, without compromising the excellent 5-year survival
of over 95%.147¢ Treatment in the Nordic countries has for the last
15 years followed the European Network for Paediatric Hodgkin Lym-
phoma (EuroNet-PHL) protocols.” This treatment consists of intensive
chemotherapy including high doses of glucocorticoids (GC) combined
with consolidating radiation therapy (RT) for those with inferior
positron emission tomography (PET) response to induction chemother-
apy. There are numerous side effects to intensive GC treatment, one
being osteonecrosis (ON).8-10 ON is thought to be caused by compro-
mised blood circulation to the bone that leads to degenerative changes
and destruction of the joints, primarily the knees and hips.11-13 Multi-
ple sites are often affected, and symptoms range from asymptomatic
to immobilizing pain, occasionally leading to major surgical procedures
such as total joint arthroplasty (TJA).? 1415

Although there are numerous studies describing ON in pediatric
acute lymphoblastic leukemia (ALL), showing incidence rates around

6% in northern European cohorts, 314

studies analyzing ON in larger
pediatric HL cohorts are lacking.1%1¢-18 The German HL Study group

reported a cumulative incidence of ON of 0.2%-1.0% (depending on

by modifying GC treatment.

children, Hodgkin lymphoma, osteonecrosis

HL stage) in patients 16-60 years of age. In their study, younger age
at diagnosis, male sex, and higher cumulative GC were risk factors for
ON.'8 Conversely, risk factors for ON in pediatric ALL have included
higher age, female sex, and higher body mass index (BMI).131419 The
risk of ON appears especially high in patients with cancer who were
treated with high doses of GC from the start of puberty to early
adulthood.?® Most pediatric patients with HL are older than 10 at diag-
nosis and receive high doses of GC, suggesting that the risk of ON in
children with HL may be higher than reported in adults.

The aim of this study was to systematically explore the incidence,
risk factors, treatment, and outcome of symptomatic ON (sON) in a
population-based Nordic cohort of children and adolescents treated
for HL.

2 | METHODS
2.1 | Study design

This study was conducted as a population-based retrospective obser-
vational cohort study. All children under 18 who were diagnosed with
HL from 2005 to 2019 in Sweden, Finland, and Denmark were eli-
gible for the study. Diagnosis of HL was based on the World Health
Organization (WHO) classification, including classic nodular sclerosis
HL, lymphocyte-rich classical HL, mixed cellularity HL, lymphocyte-
depleted HL, and nodular lymphocyte-predominant HL (NLPHL).2! The
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study was approved by the Ethical Review Authority in each partici-
pating country (Sweden: 2020-00174, 2021-03247, 2023-01174-02;
Finland: 271/2019; Denmark: R-20073404). All data collection and
analysis were managed according to the Declaration of Helsinki.

2.2 | Data collection

Patients were identified from either the National Childhood Cancer
Registry (Sweden and Denmark) or hospital medical records (Fin-
land) based on the International Classification of Disease—Tenth
revision (ICD-10) for HL (C81.0-C81.9). Patient characteristics, HL
diagnosis, and treatment, as well as presenting symptoms, diagnosis,
and management of sON, were obtained from the registries and
medical records between August 2020 and October 2022. Data were
collected by a local clinician or research nurse, using a case report form
(CRF).

Allreported ON had been diagnosed with magnetic resonance imag-
ing (MRI) at the local treatment center. The MRI scans were collected
for centralized review by a pediatric radiologist (Eva Penno) and an
orthopedic surgeon (Tuukka Niinimaki) to both confirm ON diagnosis
and grade ON lesions sync the Niinimiki classification system (Table
$1).22 The two reviewers worked independently and were blinded to
all patient data. The radiographic definition of ON was a circumscribed
lesion with a distinct rim of low signal intensity on T1-weighted images
(band sign), and high signal intensity on short tau inversion recovery
images (double-line sign).2% The definition of SON was persistence of
pain in one or more locations of an extremity, in combination with
confirmed osteonecrotic lesions on MRI.11:24

Date of developing sON was registered as the date of radiological
confirmation of ON lesions in patients reporting pain or other symp-
toms leading to radiological examination. Date of last follow-up was set
as date of last contact with healthcare, as documented in the patients’
medical records at the local treatment center. For six patients, date for
last follow-up was missing, and therefore end of treatment (EOT) was
considered as last follow-up.

Cumulative GC doses given as part of HL treatment were calcu-
lated as prednisolone equivalents in mg/m2. Dexamethasone doses
were converted to GC equivalent of prednisolone by conversion fac-
tor 6.67.2° Possible extra doses of GC given outside of the treatment
protocol were not considered.

The International Obesity Task Force (IOTF) BMI cutoffs were
used to assess BMI, in which BMI less than 17 kg/m? corresponds
to underweight, BMI 17-25 as normal, BMI greater than 25 over-
weight, and greater than 30 obesity.2® To compare changes in BMI at
different time points, such as diagnosis of HL, diagnosis of sON and
EOT, IOTF-BMI was transformed to standard deviation scores (SDS).
Children under 5 years were defined as overweight or obese for SDS
+2.27 Children 5—18 years were defined as overweight for SDS +1,
and obese for SDS +2.28 Pubertal status was categorized as “not in
puberty” or “in/completed puberty.” For 99 patients (20.2%), puber-
tal status at HL diagnosis had not been reported, and it was therefore

estimated when possible. Females >13 and males >14 were listed

as “in/completed puberty” and females <8 and males <9 as “not in
puberty.”

2.3 | Data analysis and statistics

All data were analyzed with the Statistical Program for Social Sciences
(SPSS), version 28.0.1.0. Patient characteristics were summarized by
descriptive statistics. Categorical data were presented as numbers and
fractions (%). Continuous data were presented as means and medi-
ans. Continuous variables were compared using the Mann-Whitney
test, and categorical variables using the chi-square test. A competing
risks analysis (for death prior to sON diagnosis) was not performed,
as the single patient who died did so after being diagnosed with sON.
Therefore, death was not a competing risk for observing sON in this
group of patients. As the dependent variable (sON) is binary, simple
and multiple logistic regression was used. All independent variables
(age, sex, HL stage, GC doses, BMI, pubertal status, and radiotherapy)
were analyzed separately to get unadjusted results (simple regression).
Due to the small cohort and risk for overfitting, we could only adjust
for age, sex, and HL stage (multiple regression). The independent vari-
ables were checked for multicollinearity, and showed no strong linear
correlations. Kaplan-Meier survival analysis was performed to esti-
mate cumulative incidence of sON. Associations with p < .05 were

considered significant.

3 | RESULTS
3.1 | Patient characteristics

In total, 490 children were eligible for the study in Sweden (n = 255),
Finland (n = 122), and Denmark (n = 113). Data were incomplete
for one patient from Sweden; thus, 489 patients were included in
the analyses (Figure 1). Descriptive data are presented in Table 1.
All patients had been treated according to protocols as part of Euro-
pean clinical trials (GPOH-HD [German Society of Pediatric Oncol-
ogy and Hematology-Hodgkin’s Disease] 95, GPOH-HD 2002 pilot,
EuroNet-PHL-C1 and EuroNet-PHL-C2, EuroNet-PHL-LP1), including
combinations of different chemotherapeutic agents, with or without
prednisone. Prednisone doses were given based on body surface, and
varied both in total doses and treatment duration between patients,
due to different HL stages and protocols. Radiotherapy was given to
those with inadequate response to therapy and doses differed between
protocols due to gradual reductions over time. Detailed information on

treatment regimens are shown in Table S2.

3.2 | Incidence and timing of sON

ON lesions were reported in 44 (9%) patients. However, ON lesions in
14 patients were incidental findings detected by MRI performed due

to other indications, and these asymptomatic ON cases were excluded
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Assessed for eligibility

(n= 490)

Excluded due to
incomplete data
(n=1)

v

Included in analyses (n=489)
Females: 218, Males: 271

1

ON (n= 44)

! !

!

No ON (n= 445)

Asymptomatic ON (n= 14)
Females: 6, Males: 8

Symptomatic ON (n= 30)
Females: 23, Males: 7

FIGURE 1 Study flowchart. Osteonecrosis (ON).

from further analysis. Hence, a total of 30 (6.1%) patients with sON
were included in the statistical analyses. The cumulative 2- and 5-year
incidence of sON was 5.5% (95% confidence interval [Cl]: 3.34-7.66)
and 6.4% (95% Cl: 4.05-8.75), respectively. As shown in Table 2, median
time from HL diagnosis to sON diagnosis by MRI was 9.3 months
(range: 1.5-118.8). Eleven (36.7%) patients (eight females, three males)
were diagnosed with sON during HL treatment, with a median time
to sON of 4.1 months (range: 1.5-7.9). Out of the 19 (63.3%) patients
who were diagnosed with sON after end of HL therapy, six patients
reported symptoms consistent with sON already during therapy. One
patient complained of knee pain already during HL treatment, but was
not diagnosed with sON in the knees until 9 years later at a follow-up
clinic.

3.3 | Sites and severity of sON

Joint ON was present in 23 (76.7%) patients. Two (6.7%) patients
already had Niinimaki grade 5 ON (joint collapse) at initial diagnosis
of sON. Details regarding sON location and severity are presented in
Table 2.

3.4 | Age and puberty

Mean age of patients with sSON was higher than in patients without
sON (15.3 + 1.6 vs. 13.8 + 3.2 years, p < .001). One sON patient was
10.8 years old, while all others were older than 12. In multiple analysis,
the odds of developing SON was 25% higher for each added year of age
(odds ratio [OR] 1.25,95% Cl: 1.04-1.51, p = .016) (Table 3). Out of the
30 patients with sON, 27 were in puberty or had completed puberty.
There were no differences in pubertal status between patients with or
without sON with either chi-square test or logistic regression.

3.5 | Sex distribution

Females had a higher risk of developing sON than males, 23/218 versus
7/271(10.6% vs. 2.6%, p < .001). The difference in sON incidence over
time is visualized in Figure 2, which demonstrates a 2-year cumulative
incidence in females of 9.5% (95% Cl: 5.58-13.42) compared to 2.3%
in males (95% Cl:0.54-4.06, p < .001). In the whole cohort, the odds of
developing sON were four times higher for females than for males (OR
4.45,95% Cl: 1.87-10.58,p < .001), and 22 out of 177 (12.4%) pubertal
females developed sON (Table 3).
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TABLE 1 Descriptives of the cohort.

All patients (N = 489) No sON (N = 459) sON (N = 30)
Mean + SD Mean + SD Mean + SD p?
Age at diagnosis 13.86 + 3.13 13.76 + 3.18 15.31 + 1.59 <.001
Cumulative GC dose in mg 2857 + 1280 2807 + 1290 3623 + 809 .002
BMI SDS at diagnosis® 0.26 + 1.18 0.27 + 1.17 0.09 + 1.32 431
BMI SDS change from diagnosis to end of 0.64 + 0.76 0.63 + 0.75 0.81 + 0.71 242
therapy®©
N (%) N (%) N (%)
Sex <.001
Male 271(55.4%) 264 (57.5%) 7(23.3%)
Female 218 (44.6%) 195 (42.5%) 23(76.7%)
Country .038
Sweden 254 (51.9%) 245 (53.4%) 9 (30.0%)
Denmark 113(23.1%) 104 (22.7%) 9 (30.0%)
Finland 122 (24.9%) 110 (24.0%) 12 (40.0%)
BMI at diagnosis .392
Underweight 17 (3.5%) 13(2.8%) 4(13.3%)
Normal 355(72.6%) 333(72.6%) 18 (60.0%)
Overweight 73(14.9%) 69 (15.0%) 4(13.3%)
Obese 22 (4.5%) 21 (4.6%) 1(3.3%)
Unknown 22 (4.5%) 23(5.0%) 3(10.0%)
BMlI at end of therapy .540
Underweight 9(1.8%) 8(1.7%) 1(3.3%)
Normal 230 (47.0%) 217 (47.3%) 13 (43.3%)
Overweight 104 (21.3%) 96 (20.9%) 8(26.7%)
Obese 46 (9.4%) 43(9.4%) 3(10.0%)
Unknown 100 (20.4%) 95 (20.7%) 5(16.7%)
Pubertal status at diagnosis .076
Not in puberty 112 (22.9%) 109 (23.7%) 3(10.0%)
In/completed puberty 348 (71.2%) 322 (70.2%) 26 (86.7%)
Unknown 29 (5.9%) 28 (6.1%) 1(3.3%)
Subtype 218
Nodular sclerosis 357 (73%) 335 (73.0%) 22(73.3%)
Mixed cellularity 51(10.4%) 46 (10.0%) 5(16.7%)
NLPHL 43(8.8%) 43(9.4%) 0(0%)
HLNOS 38 (7.8%) 35 (7.6%) 3(10.0%)
Stage .118
| 36 (7.4%) 36 (7.8%) 0(0%)
1] 246 (50.3%) 234 (51.0%) 12 (40%)
11 100 (20.4%) 92 (20.0%) 8(26.7%)
\% 103(21.2%) 93(20.3%) 10(33.3%)
Unknown 4(0.8%) 4(0.9%) 0 (0%)
Protocol .210
EuroNet PHL C1/C2 364 (74.4%) 337 (73.4%) 27 (90%)
GPOH-HD 95/2002 66 (13.5%) 65 (14.2%) 1(3.3%)
ABVD 22 (4.5%) 22 (4.8%) 0

(Continues)
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TABLE 1 (Continued)
N (%) N (%) N (%)
EuroNet PHL LP1 12 (2.5%) 12 (2.6%) 0
Other 25(5.1%) 23(5.0%) 2(6.7%)
Radiotherapy .813
Yes 183(37.4%) 171(37.3%) 12 (40%)
No 299 (61.2%) 281(61.2%) 18 (60%)
Unknown 7(1.4%) 7 (1.5%) 0(0%)
Relapse N/A
Yes 64(13.1%) 62 (13.5%) 2(6.7%)
No 425 (86.9%) 397 (86.5%) 28(93.3%)
Overall survival N/A
Alive 477 (97.5%) 448 (97.6%) 29(96.7%)
Dead 12(2.5%) 11(2.4%) 1(3.3%)

Abbreviations: ABVD, doxorubicin hydrochloride (Adriamycinadriamycin), bleomycin sulfate, vinblastine sulfate, and dacarbazine; BMI SDS, body body mass
index standard deviation score; EuroNet PHL, European Network Pediatric Hodgkin Lymphoma Study Group; GC, glucocorticoids; GPOH-HD, the German
Society of Pediatric Oncology and Hematology--Hodgkin’s Disease; N/A, not assessed due to small numbers of patients who relapsed/died in the sON group;

NLPHL, nodular lymphocyte-predominant HL; NOS, not otherwise specified; SD, standard deviation; sON, symptomatic osteonecrosis.

aSignificance level p <.05 with Mann-Whitney U or X2 test.
bData available for 464 patients.
“Data available for 387 patients.

3.6 | Treatment and stage of HL

There was no significant difference in the risk of developing sON
between different treatment protocols (Table 1). GC was part of HL
treatment and/or pre-phase in 464 patients (94.9%). Of the 25 patients
who did not receive GC, 18 patients were treated with only ABVD
(doxorubicin hydrochloride [adriamycin], bleomycin sulfate, vinblastine
sulfate, and dacarbazine) courses, and the remaining seven patients
had NLPHL treated with various regimens.

All sON patients were treated with GC, and they received signifi-
cantly higher total GC doses during HL treatment compared to patients
who did not develop sON (mean 3623 + 809 vs. 2800 + 1290 mg/m?,
p = .002). As seen in Table 3, the odds for sON were nearly doubled
for each 1000 mg of total cumulative GC given during the whole HL
treatment (OR 1.76,95% Cl: 1.21-2.56, p = .003).

There were no differences in sON when comparing the specific
HL stages I-1V. However, when grouping HL stages into low stage
(14+11) and advanced stage (I11+1V), logistic regression analysis (Table 3)
showed that patients with low stage HL had twofold increased odds
of developing sON than patients with advanced stage HL (OR 2.19,
95% Cl: 1.03-4.65, p = .042). The difference in cumulative 2-year inci-
dence of sON between low and advanced HL stage is visualized in

Figure 3.

3.7 | BMI

Information on BMI categories was available for 467 patients (94.7%)
at HL diagnosis and for 389 (79.6%) patients at EOT. As seen in

Table 1, there were no differences between patients who developed
sON compared to those who did not develop sON, regarding IOTF-BMI
categories at diagnosis, mean IOTF-BMI SDS at diagnosis, nor in the
mean IOTF-BMI SDS change from diagnosis to EOT.

3.8 | Symptoms and management of ON

Pain was the first symptom of ON in 29 (96.7%) patients. One patient
experienced fatigue in the shoulders. Treatment and recommendations
at sON diagnosis are presented in Table 2. Four patients (three females,
one male) underwent bilateral hip replacement. Of note, the sole male
patient requiring hip TJA had undergone allogenic hematopoietic stem
cell transplantation (HSCT) prior to HL treatment. HL treatment was
modified in two patients, one who discontinued steroid treatment and

one who was switched to ABVD treatment.

3.9 | Follow-up

In all patients, median follow-up time from diagnosis to last contact
with healthcare was 5.1 years (range: 0.2-16.7). There were no dif-
ferences in follow-up time between females (median 5.0 years, range:
0.2-13.8) and males (median 5.1 years, range: 0.3-16.7). Median time
for follow-up concerning sON symptoms and radiographic evaluation
was 3.8 years (range: 0.3-11.5). At last sON follow-up, symptoms
persisted in nine females and four males (13 patients, 43.3%). Two
patients relapsed after sON diagnosis, at 1 and 3 years, respectively.
One patient died 5 years after sON diagnosis (death caused by large
diffuse B-cell lymphoma).
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TABLE 2 Characteristics of patients (N = 30) with HL and sON,
severity and location of sON lesions, and therapeutic implications of
sON.

Characteristics Median (range)

Time to sON in months 9.3(1.5-118.8)
Follow-up time (sON) in years 3.8(0.3-11.5)
Total number of ON lesions per patient 3.6+24
n (%)

Age

<10years 0 (0%)

10-13.9 years 6(20%)

14-17.9 years 24 (80%)
Timing of SON

During treatment 11(36.7%)

After EOT 19 (63.3%)
Most common sites affected with ON

Femur 20 (66.7%)

Tibia 17 (56.7%)

Knee 15 (50%)

Hip 11(36.7%)
Highest Niinimaki grade at sON dx

Grade 5 2(6.7%)

Grade 4 9 (30%)

Grade 3 10(33.3%)

Grade 2 9 (30%)
Modified HL treatment

Yes 2(6.7%)

No 21(70%)

Unknown 7 (23.3%)
Weight-bearing restrictions

Yes 12 (40%)

No 17 (56.7%)

Unknown 1(3.3%)
Crutches for mobility

Yes 7(23.3%)

No 23(76.7%)
Physiotherapy

Yes 18 (60.0%)

No 11 (36.7%)

Unknown 1(3.3%)
Pain medication other than opioids

Yes 18 (60%)

No 11(36.7%)

Unknown 1(3.3%)

(Continues)

TABLE 2 (Continued)

Characteristics Median (range)

Oral opioids
Yes 10 (34.5%)
No 18(62.1%)
Unknown 1(3.4%)
Bisphosphonate treatment
Yes 6(20%)
No 24 (80%)
Surgical intervention®
Yes 7 (23.3%)
No 23(76.7%)
Symptoms at last follow-up
Yes 13(43.3%)
No 13(43.3%)
Unknown 4(13.3%)

Abbreviations: HL, Hodgkin lymphoma; ON, osteonecrosis; sON, symp-
tomatic osteonecrosis.

aNumbers (n) do not add up to 100% as most patients had multiple ON
lesions at different sites.

bIncluding total joint arthroplasty (TJA), core decompression, arthroscopy,
lengthening of tragus tendon.

4 | DISCUSSION

This systematic population-based study describes the largest complete
pediatric HL cohort to date, assessing SON and risk factors in 489 chil-
dren under 18 treated for HL in three Nordic countries. We report a
5.5% 2-year and a 6.4% 5-year cumulative incidence of sON. Risk fac-
tors for sON were older age, female sex, high GC doses, and advanced
HL. Out of the patients with sON, as many as 43.3% had persisting
symptoms at last follow-up, and 13% had undergone major hip surgery
by the time of data collection.

Reports of sON in children with HL are scarce.l%17:1829 |n the
only cohort study consisting exclusively of children and adolescents
with HL, ON was found by MRI screening in 10 of 24 patients (42%),
but only one presented with symptoms.t” Niinimaki et al. used MRI
screening at EOT in 32 children with cancer, and found four of seven
patients (57%) with HL to have ON, of whom two presented with
symptoms.’9 In a retrospective study including mainly adults, Albano
et al. found ON using MRI screening in seven of 42 patients (17%).27
In a large study by Borchman et al. including 11,330 patients with HL
aged 16—60years, 0.2%-1.0% developed sON (depending on the grade
of HL).1®

Previous studies have not been able to define any specific risk fac-
tors for ONin children with HL, although higher GC dose was described
as the main risk factor for ON in the aforementioned studies by Borch-
man et al. and Albano et al.’®2? Borchman et al. also found teenagers
and young adults to be at a higher risk of developing ON than older
adults. Interestingly, male sex was described as a risk factor for ON in

their cohort.1® Rather, our results on incidence and risk factors of ON

858017 SUOWILLOD @A 118810 3cedldde ayy Aq pausenob afe ssjolie O ‘8sh Jo Ss|n. 10y Ariq18UIIUO AB]IM UO (SUOTIPUD-PUB-SWBIW0D A8 |IM Al 1 U1 |UO//SdIL) SUORIPUOD pUe Swie | 8u8eS *[202/80/2Z] Uo AkeidiTauljuo A8|Im PI1Suoiedlidnd [eIIPeIN Wwivepona Aq 05zZTE 9qd/z00T 0T/I0pw0d A8 im Aeiq1jeuluo//sdiy woly pepeojumoq ‘0 ‘2T0SSYST



MW GIERTZ T AL.
ILEY
TABLE 3 Analysis of risk factors for symptomatic osteonecrosis.
Unadjusted Adjusted
95% ClI 95% ClI
OR Lower Upper p? OR Lower Upper p?
Age at diagnosis 1.25 1.05 1.49 010 1.25 1.04 1.50 016
Male (ref) <0.001 .001
Female 4.45 1.87 10.58 4.21 1.76 10.11
HL stage I+I1 (ref) 0.042 0.031
HL stage Il+IV 2.19 1.03 4.65 2.34 1.08 5.08
Cumulative GC dose 1.76 121 2.56 .003 N/A
BMI SDS change 1.39 0.80 2.39 .240 N/A
Not in puberty (ref) 0.072 N/A
In/completed puberty 0.33 0.99 1.1
No radiotherapy (ref) 813 N/A
Radiotherapy 0.91 043 1.194

Note: Unadjusted results analyzed with simple logistic regression. Adjusted results analyzed with multiple logistic regression.
Abbreviations: BMI SDS change, change in body mass index standard deviation score from diagnosis to end of treatment; CI, confidence interval; N/A, not

assessed; OR, odds ratio.
aSignificance level p < .05.
bCumulative glucocorticoid doses in 1000 mg.

sON incidence in females vs males

20 —— Females: 23 patients with sON
2-year cumulative incidence 9.5% (95% Cl 5.58-13.42)
* Males: 7 patients with SON
2-year cumulative incidence 2.3% (95% Cl 0.54-4.06)

—

log rank p < 0.001

Cumulative incidence (%)
IS

0 2 4 6 8 10 12 14

Years from start of HL treatment

N at risk (total 289 pts)

Female 218 170 121 68 52 31 6 0
Male 271 223 162 95 63 38 18 6
FIGURE 2 Incidence of symptomatic osteonecrosis (SON) in

females versus males. Cl, confidence interval.

are in accordance with those reported by Mogensen et al. in children
with ALL.2 Mogensen et al. found a 5-year 6.3% cumulative incidence
in pediatric ALL patients treated according to the Nordic Society of
Paediatric Haematology and Oncology (NOPHO) ALL2008 protocol
and a 28% incidence in females over 10, which is higher than the 12.4%
incidence in pubertal females presented here. The elevated risk of SON

in pubertal females might be explained by increased estrogen levels

sON incidence low vs advanced HL

—— HL stage I+1I: 12 patients with sON
2-year cumulative incidence 3.7% (95% Cl 1.54-5.86)
- HL stage IlI+1V: 18 patients with SON
2-year cumulative incidence 8.3% (95% Cl 4.38-12.22)

S
g log rank p < 0.032
5
2
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O g
0

0 2 4 6 8 10 12 14

Years from start of HL treatment

N at risk (total 285 pts, missing data for 4 pts)

HL stage I+l 282 237 171 94 68 42 21 5
HL stage IlI+IV 203 154 111 68 47 27 3 1
FIGURE 3 Incidence of symptomatic osteonecrosis (SON) in low

versus advanced stages of Hodgkin lymphoma (HL). Cl, confidence
interval.

that promote intracortical bone remodeling, increase bone mass gain,
and have procoagulatory effects.3%-3% All this can lead to an imbalance
between osseous metabolic/blood supply demands and real osseous
blood supply.1220.31

Most treatment regimens for childhood HL worldwide include GC.”
However, young adults with early stage HL have often been treated

according to adult protocols generally consisting of ABVD courses
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without GC. These patients appear to have a much lower risk for ON
than young adults treated according to pediatric protocols containing
GC.118 |n the present study, only patients who received GC within
their treatment developed sON, which is in accordance with litera-
ture. GC have a lipid-altering effect that is thought to induce ON and
hyperlipidemia has also been shown, by Mogensen et al., to be a risk
factor for ON in children with ALL.32-34 This suggests that patients
with a lower BMI might have a lower risk for ON, as they usually have
lower lipid levels than those with higher BMI. In our study, we did not
observe any association between BMI at diagnosis and risk of devel-
oping sON. Nevertheless, as nine patients were diagnosed with sON
already during chemotherapy, it is evident that not only the cumulative
GC dose, but also host-related factors play a role in the development
of sON. Differences in GC metabolism resulting in different GC expo-
sure and side effects are an example of such factors, and there are
some data on genetic variations predisposing to metabolic side effects
of dexamethasone.3?

As many as 14 incidental cases of asymptomatic ON were found,
although no systematic screening for ON was performed. This high-
lights that asymptomatic ON is common, as shown in screening
studies.’%17:36 As asymptomatic ON does not always progress to sON,
and can only be found at actual screening or incidentally through other
MRI follow-up, there are no current recommendations for managing
or treating asymptomatic ON.1>36:37 According to present literature,
there is little to be done to prevent ON progression, regardless of
whether the lesions are symptomatic. This is supported in a review
from 2014, in which Te Winkel et al. stated that there is no conclusive
evidence to support the effectiveness of any specific intervention such
as weight-bearing restrictions, bisphosphonates, hyperbaric oxygen
therapy, or prostacyclin analogs. Te Winkel and colleagues there-
fore recommend only clinical screening of ON, focusing on persistent
pain or limited joint mobility.>® As no evidence-based conservative
treatment alternatives are available, management of sON in children
is mainly symptomatic and given on a case-by-case basis. Accord-
ingly, treatment of sON within our cohort consisted of weight-bearing
restrictions, pharmacological pain relief, and physiotherapy. All but two
sON patients diagnosed during chemotherapy carried through their
therapy with full GC doses.

With lack of options on secondary prevention and conservative
treatment, the most appealing way to decrease the impact of sON
would be to reduce GC doses in HL treatment protocols. Even in the
present study, it was observed that patients receiving ABVD treatment
without GC did not develop sON. However, ABVD carries a high risk of,
for example, cardiac and pulmonary toxicity.3?-42 Hence, there should
be an attempt to compare the overall toxicity profiles of different treat-
ment protocols rather than single toxicities when deciding on future
directions in HL therapy. This would require systematic registration
and reporting of treatment-associated toxicities, where there still is
much to be improved in clinical practice. Our results highlight the need
for new treatment strategies for HL to reduce sON risk, especially con-
sidering the excellent outcome in both primary and relapsed HL. Future
studies should focus on diminishing the risk of ON, either by modifying

current chemotherapy alternatives or using targeted therapies already

used in adults with HL.*3~4> For example, a recent adult study reported
promising results on overall survival of early stage unfavorable HL,
and reported no ON when combining nivolumab with conventional
chemotherapy without GC, as well as nivolumab in monotherapy.**
Furthermore, a recently published abstract from an American study
including 976/994 adults and children from 12 years with stage Il1-1V
HL, showed that nivolumab in combination with doxorubicin, vinblas-
tine, and dacarbazine (AVD) was superior in progression-free survival
after 1 year, compared to brentuximab vedotin combined with AVD
(94% vs. 86%).4¢

The most important strength of the present study is the population-
based design, including all HL patients treated in the three Nordic
countries over the study period, thereby minimizing selection bias.
Information from medical records were individually and thoroughly
evaluated for all cases, which minimized information bias. Further-
more, due to an established Nordic collaboration and common pedi-
atric oncology and hematology education system, clinical practice is
similar in Sweden, Finland, and Denmark. Details on almost all patients’
treatment regimens were available, and GC treatment was evalu-
ated as total cumulative doses, regardless of treatment strategy. Even
though patients were treated according to different protocols, the
cohort was quite homogenous in terms of the used steroid regime,
as it was the same for 88% of the patients (EuroNet PHL C1/C2 and
GPOH-HD 95/2002).

Study limitations include its retrospective design, possible differ-
ences in data registration and ON awareness, as well as relying on
documentation in patient medical records. Although cumulative GC
doses for the whole treatment period were attained, exact doses of
GC received at sON diagnosis were not available. However, higher
HL stage reflects higher total cumulative GC doses, hence both vari-
ables are analyzed in this study. Finally, the median follow-up time of
5.1years may have led to an underestimation of the number of late SON
cases, although their number would likely have been small considering
that sON generally developed during or the first years after treatment.
Still, longer follow-up studies, preferably with prospective registration
of sON within treatment protocols, are needed to elucidate the role of
sON in children and young adults with HL in the very long-term.

Taken together, this study establishes the cumulative incidence
of sON in pediatric HL, showing that sON is a common and rele-
vant treatment complication. ON should be suspected, and screened
for with MRI, in children reporting persisting skeletal pain during or
after HL treatment. Reducing GC in HL therapy should be one of the
main focuses in future HL protocol development, to minimize risk of

developing ON, especially in patients at risk—adolescent females.
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