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ABSTRACT

Background: Pediatric Hodgkin lymphoma (pHL) is highly curable. However, a minority experience
relapse and are subjected to toxic salvage regimens. Investigating the patterns of relapse could help
to select the patients and/or the involved sites that would benefit from consolidating radiotherapy.
Material and methods: The Danish Childhood Cancer Registry was used to identify children <18years
with relapsed pHL from 1990-2018. The lymphoma volumes involved at diagnosis and at relapse were
contoured on the patients’ original scans. Rigid image co-registration was used to merge the scans
enabling a visual assessment of the anatomical relapse localization relative to the initially involved
lymph nodes, and if irradiated, to the radiotherapy field.

Results: From 185 patients with pHL, 24 patients with relapse were available for analysis. All patients
received combination chemotherapy and seven had consolidating radiotherapy. Relapses exclusively in
initially involved sites occurred in 14 patients. Relapses exclusively in new sites were rare and only
observed in three irradiated patients. Seven patients relapsed in both initially involved and new sites.
The median time to relapse was 6 months (range 2-59 months), however, in-field relapses in irradiated
patients occurred later (54 months, range 10-59 months). Neither risk group, initial bulky disease, early
response, or metabolic activity seemed to be associated with the site of a later relapse.

Conclusion: The number of relapses were small, and conclusions regarding the selection of patients
for radiotherapy could not be drawn. Relapse exclusively in initially involved sites were the most com-
mon, most often in the exact same initially involved lymph nodes. Hence, modern involved site radio-
therapy, focusing on the initially involved lymphoma volume and minimizing the radiation doses to
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normal tissues, should be applied when consolidating radiotherapy is used in patients with pHL.

Introduction

Pediatric Hodgkin lymphoma (pHL) is highly curable with com-
bination chemotherapy and consolidating radiotherapy [1,2].
Unfortunately, long-term survivors are at risk of treatment-
induced late-effects that lead to increased morbidity and
mortality [3-5]. Hence, the focus of clinical trials is cure with
minimum toxicity, commonly attempted with response adapted
treatment reduction and/or omission of radiotherapy [6-11]. As
a result, event free survival (EFS) rates have decreased to
approximately 90% in low risk patients and 80% in high and
intermediate risk patients [6-11]. However, the relative number
of patients who relapse from pHL remains low making it chal-
lenging to investigate the patterns of relapse. More information
on the patients who relapse and the anatomical relapse localiza-
tion could help to distinguish the patients and/or the involved
sites that would benefit from consolidating radiotherapy.

It is often stated that (1) irradiated patients relapse out-
of-field and (2) patients with bulky disease relapse more
often and benefit from radiotherapy to the bulky site.

However, data to support the first theory come from an era
where patients received radiotherapy alone and the exact
relapse localization was not analyzed [12]. And, although
bulky disease, especially in the mediastinum, is an independ-
ent predictor of relapse [8,9,13], it has not been established
if the patients relapse within the bulky site nor if they bene-
fit from radiotherapy, possibly to higher doses [14].

The aim of this nationwide retrospective study is to char-
acterize the Danish patients with pHL who relapsed over a
28-year period and analyze the anatomical relapse localiza-
tion relative to the initially involved lymph nodes, and if irra-
diated, to the radiotherapy field.

Methods
Patients and treatment details

Children <18years diagnosed with HL in Denmark from
January 1990 to December 2018 and registered with a
relapse and/or death in the Danish Childhood Cancer
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Registry were included in the study (last date of follow-up 1
April 2020). Four hospitals in Denmark treated pHL and indi-
vidual medical records were retrieved and reviewed in order
to validate a relapse. Patient characteristics, medical history,
pathology reports (from the Danish Pathology Register),
blood counts, clinical information, and treatment details (ini-
tially and at time of relapse) were obtained. Disease stage
was defined according to the Ann Arbor classification, and
patients were divided into low (la/, Ila) intermediate (Ig, llga,
llg, s, and high risk (llgg, Hlag, llg IV) treatment groups
based on clinical stage (CS) and localized extranodal disease.
Elevated erythrocyte sedimentation rate (ESR>30mm/hr)
and bulky disease were not considered for treatment stratifi-
cation in the pediatric protocols until 2012 (with the amend-
ment of the EuroNet-PHL-C1 [European Network for Pediatric
Hodgkin Lymphoma], NCT00433459) and were not used to
divide patients into risk groups in the current study. Bulky
disease was defined as a nodal mass of >10cm or greater
than one third of the transthoracic diameter (at any level of
thoracic vertebrae) on computer tomography (CT) (according
to the Lugano Classification [15]). Imaging, together with the
written reports from the local radiologists and nuclear medi-
cine physicians, were obtained from the time of diagnosis,
during follow-up, and at time of relapse. Imaging in 3D was
imported into and viewed in the IMPAX system (AGFA
HealthCare, Belgium). Imaging was acquired as CT, magnetic
resonance imaging, or positron emission tomography/CT
(PET/CT). The radiotracer 2-['®FIfluoro-2-deoxy-D-glucose (2-
["®FIFDG) was used in all PET scans. The use of PET/CT varied
over time and between the different centers. The first center
implemented PET/CT for staging from 2004 but it was used
earlier (from 2001) for response assessment and detection of
relapse. From 2010 PET/CT was used consistently for imaging
in patients with pHL in Denmark. In patients diagnosed
before year 2000, the imaging could not be retrieved and
only the written imaging reports were available.
Radiotherapy plans in 2D were collected manually, and
the Eclipse treatment planning system (v. 13.7, Varian
Medical Systems, USA) was used for 3D radiotherapy plans.

Relapse definitions

Time to relapse was defined as time from the date of last
treatment till the date of validated relapse with imaging
(increase of at least one initially involved mass and/or new
lesions) and/or biopsy proven. Based on the disease-free
interval, relapses were categorized as progressive disease
(<3months), early (3-12months), or late relapse
(>12months). Image-proven remission of disease in the
intermediate period was a prerequisite. Patients with primary
refractory disease who never achieved a complete response
(CR), were excluded from the study.

The definitions of CR/CRu (CR unconfirmed) and partial
response (PR) were not used consistently during the treat-
ment decades. Also, tumor measurements were not consist-
ently described on imaging reports, and metabolic activity
on PET scans was primarily described as physiological or no
uptake (PET-negative) or as pathological uptake (PET-
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positive). For the current study, we relied on the response to
therapy stated on the imaging reports and in the medical
records as this was the response which the treating physi-
cians were guided.

Lymphoma volumes

For each patient, the lymphoma volumes were contoured on
the diagnostic as well as on the relapse scan and named
gross tumor volume initially (GTVi) and GTV relapse (GTVr).
For patients who had both a diagnostic and a relapse PET/CT
scan (from 2004 and onwards), the PET-positive lymphoma
volume (GTVpgr) was contoured on the PET scan on a Mirada
XD® workstation (Mirada Medical, Oxford, UK) with standar-
dized window level and display settings by a specialist in
nuclear medicine with experience in PET/CT for radiotherapy
planning. All PET-positive lesions we manually delineated
with a visually adapted segmentation method according to
departmental guidelines. No fixed thresholds were used in
the delineation process. The finished GTVpgr was then
imported into Eclipse. The GTVi and GTVr contained both
PET-positive and PET-negative parts of the lymphoma.
Contouring was done by the same physician and subse-
quently validated by an experienced radiologist. Rigid image
co-registration between the diagnostic and the relapse scans
was done in Eclipse, cf. Figure 1. The site of relapse was the
focus of the fusion, and for patients with several sites (espe-
cially both above and below the diaphragm) several fusions
were occasionally required. Relapse localizations were visually
assessed and divided into three categories: initially involved
sites, new sites, and both;, hew (concurrent initially involved
and new sites). In patients with available imaging we were
able to detect relapse, not just within the initially involved
site, but within the initially involved lymph nodes. In irradi-
ated patients a second co-registration was performed
between the radiotherapy planning CT scan and the relapse
scan. The GTVr (and GTVper,) was transferred to the planning
CT scan enabling detection of out-of-field and in-field relap-
ses, as well as radiation dose to the site of relapse.

Summary statistics were reported. Analyses were per-
formed using SPSS (v. 24, IBM).

Approvals

The study was approved by the Danish Patient Safety
Authority (3-3013-2575/1), the Danish Data Protection
Agency (VD-218-379), and The Danish Clinical Quality
Program - National Clinical Registries (RKKP, DBCR-2019-
05-28).

Results
Patients

A total of 185 children <18years were diagnosed with HL
during the 28-year period and 36 patients were registered
with primary refractory disease, a relapse, and/or death.
The median follow-up was 115 months (range 2-361). After a
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Figure 1. Lymphoma volumes for two patients shown on the diagnostic scan, the relapse scan, and together with the fusion. The fusion was done with rigid image
co-registration in the Eclipse treatment planning system. On the diagnostic scan the gross tumor volume (GTV) initially is shown in pink and contains both the
PET-positive (GTVpgri shown in cyan) and PET-negative parts of the lymphoma. On the relapse scan GTVr (relapse) is red and the GTVpgr, is blue. All structures are
shown on the fusion. Patient A (top): clinical stage IlA, relapsed after 6 months in previously involved lymph nodes. Patient B (bottom): clinical stage IIIB with para-

aortic bulky disease, relapsed after 6 months within the previously bulky site only.

review of individual medical records, 26 patients were cate-
gorized as having experienced a relapse, four had primary
refractory disease (excluded from this study), and six died
with no evidence of a prior relapse or active HL making the
crude refractory/relapse rate 16%. Two patients with relapse
were excluded; one had a secondary HL, the other had no
available medical records.

This study, therefore, includes the remaining 24 patients
with relapsed pHL with a median follow-up time of
165 months (range 18-285). Patient characteristics at time of
diagnosis are shown in Table 1. Two-thirds of the relapsed
patients were male, 50% had nodular sclerosis histology,
50% were from the low risk treatment group, and 29% pre-
sented with bulky disease.

Treatment details

All 24 patients received multidrug chemotherapy, but the
drug combinations varied over time (cf. Supplemental mater-
ial Table S1). Number of chemotherapy cycles depended on
the patients’ treatment group (median number of cycles 4,
range 2-11). Thirteen (54%) patients received the combin-
ation chemotherapy of the GPOH-HD 95 trial (German
Pediatric Oncology Hematology Hodgkin Disease Group [6]),
three (13%) patients were treated according to the EuroNet-
PHL-C1 trial (NCT00433459), and two (8%) patients were
randomized within the trial. Patients treated before 1998 (six
patients) did not adhere to specific protocols.

Both the GPOH-HD 95 [6] and the EuroNet-PHL-C1 trial
(NCT00433459) used a response adapted treatment approach
omitting radiotherapy to patients with an adequate response
after two cycles of induction chemotherapy. However, the
protocol criteria for the omission of radiotherapy were not

strictly followed, especially in the earlier years. In the 13
patients, who were treated according to the GPOH-HD 95,
radiotherapy was omitted in 10 (77%), whereas, the radio-
therapy omission rate for patients included in the GPOH-HD
95 protocol was 18% [6].

PET/CT was used for staging in nine patients, for early
response assessment in 11 patients, and relapse diagnostics
in 16 patients. Nine patients had PET/CT scans at both time
of diagnosis, response assessment, and relapse.

Not surprisingly, a favorable response assessment (PET-nega-
tive or CRu) after induction chemotherapy was more common
in the non-irradiated patients (70%) whereas an unfavorable
response (PET-positive or PR) was more common in irradiated
patients (71%). Detailed information on irradiated and non-irra-
diated patients is shown in Tables 2 and 3, respectively.

In total, seven (29%) patients received consolidating radio-
therapy; six had involved field radiotherapy (IFRT), one was
irradiated to residual disease after chemotherapy completion.
Six patients were planned with opposed anterior and poster-
ior field configuration (2D radiotherapy: three; 3D conformal
radiotherapy: three) and one with intensity-modulated radio-
therapy. Median dose was 19.8 Gy (range 19.6-36.0 Gy) deliv-
ered in fractions of 1.5-1.8Gy. A boost of 10Gy was
delivered to one patient.

Relapse localization

Relapse exclusively in initially involved sites was the most
common and observed in 14 patients (58%) of whom three
had been irradiated. Relapse exclusively in a new site was
rare and observed in three patients (13%), all of whom had
been irradiated. Concurrent relapse in bothi, hew Sites was
observed in seven patients (29%), only one previously
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Table 1. Patient characteristics at time of diagnosis in all patients and divided by relapse localization.

L Total Initially involved sites New sites Bothin i new
Characteristics
N %"° N %"° N %"° N %"°
Age, years, median (range) 24 13 (5-17) 14 13 (5-15) 3 14 (13-14) 7 13 (5-17)
Sex
Male 16 (67) 9 (64) 3 (100) 4 (57)
Female 8 (33) 5 (36) - 3 (43)
Histology
Nodular sclerosis 12 (50) 9 (64) - 3 (43)
Mixed cellularity 7 (29) 2 (14) 3 (100) 2 (29)
Classical HL unspecified 1 (4) 1 (7) - -
NLPHL 4 (17) 2 (14) - 2 (29)
Ann Arbor clinical stage
| 1 (4) - 1 (33) -
Il 14 (58) 8 57) 1 33) 5
1] 5 (21) 2 (14) 1 (33) 2 (29)
[\ 4 (17) 4 29) - -
Treatment group®
Low risk 12 (50) 7 50) 1 (33) 4 (57)
Intermediate risk 7 (29) 2 14) (67) 3 (43)
High risk 5 (21) 5 (36) - -
Localized extranodal site 1 (4) 1 (7) - -
B-symptoms 4 (17) 2 (14) 1 (33) 1 (14)
Bulky disease 7 (29) 4 29) 1 (33) 2 (29)
Mediastinal 5 (71) 2 (50) 1 (100) 2 (100)
ESR (mm/h)
Elevated >30 6 (25) 4 (29) 1 (33) 1 (14)
Normal <30 10 (42) 5 36 1 (33) 4 (57)
Missing 8 (33) 5 36 1 (33) 2 (29)
Anemia
Yes 9 (38) 6 (43) 1 (33) 2 (29)
No 9 (38) 5 36 1 33) 3 (43)
Missing 6 (25) 3 1 1 33) (29)
Response assessment
CRu 9 (38) 7 (50) 1 (33) 1 (14)
PR 2 (8) - 1 (33 1 (14)
PET-positive 6 (25) 4 (29) 1 (33) 1 (14)
PET-negative 5 (21) 1 (7) - 4 (57)
Missing 2 8 2 (14) - -
Radiotherapy
Yes 7 (29) 3 (21) 3 (100) 1 (14)
No 17 (71) 1 (79) - 6 (86)
Time to relapse
Months, median (range) 6 (2-59) 6 (2-59) 3 (2-8) 8 (5-54)
Progressive disease 5 (21) 3 21) 2 (67) -
Early relapse 14 (58) 8 (57) 1 (33) 5 (71)
Late relapse 5 (21) 3 (21) - 2 (29)

Bothin new: relapse in concurrent initially involved and new sites; CRu: complete response unconfirmed; ERS: elevated erythrocyte sedimentation rate; HL:
Hodgkin lymphoma; N: number; NLPHL: nodular lymphocyte predominant Hodgkin lymphoma; PR: partial response; PET: positron emission tomography.

Low risk: Iasp, I1a; Intermediate risk: I, llga, llg, Illa; High-risk: llgg, Illag, llg, IV.
bPercentages may not sum to 100 because of rounding.

irradiated. The relapse localization between irradiated and
non-irradiated patients is displayed in Figure 2. In the seven
irradiated patients, relapse localization was further divided
into in-field and out-of-field relapse (cf. Table 2). Three
patients had an in-field relapse in lymph nodes irradiated to
the full prescribed dose and four patients had an out-of-field
relapse (new site: three, unirradiated initially involved lymph
nodes in the patient irradiated to residual disease: one).

For the 24 patients, a total of 118 nodal sites and six
extranodal sites (in four patients) were involved at diagnosis.
At the time of relapse 82 nodal sites and six extranodal sites
(in six patients) were involved (cf. Supplemental material
Table S2). Nodal relapse was the most common as 23 (96%)
patients relapsed in a nodal site or in both a nodal and an
extranodal site. Nodal relapses above the diaphragm (88%)
affecting the neck (31%) or mediastinum (16%) were the
most common. Two patients only relapsed in lymph nodes

below the diaphragm, where the most common relapse site
was the paraaortic lymph nodes (10%). The lungs were the
most common extranodal site (83%).

Seven (29%) patients presented with bulky disease at
diagnosis, most commonly in the mediastinum. Four non-
irradiated patients and one irradiated patient (dose to bulk
19.8 Gy) relapsed within the site of initial bulky disease,
whereas two irradiated patients relapsed outside the bulk
and out-of-field (dose to bulk 29.8 and 36 Gy, respectively).

The median time to relapse for all patients was 6 months
(range 2-59 months). Five (21%) patients had progressive dis-
ease, 14 (58%) an early, and five (21%) a late relapse. Median
time to relapse for non-irradiated and irradiated patients
were 6 months (range 2-30months) and 8 months (range
2-59months), respectively. However, in-field relapses
occurred much later (54 months, range 10-59) than out-of-
field relapses (3.5 months, range 2-8).
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Table 2. Relapse localization and detailed treatment information in irradiated patients.

Initially involved Interval
Relapse localization CS Chemotherapy Radiotherapy (Gy) sites® RA® Relapse sites (month)
Out-of-field New site IA- OEPA x 2 + ABVP x 1 IFRT 19.8 Supraclavicular L PR Mediastinum, hilus 8
relapse bilat, lungs
B OEPA x 2 + COPP x2  IFRT 19.8 Supraclavicular R, CRu Lungs 3
infraclavicular R,
mediastinum BULK,
hilus bilat
IIIA° OEPA x 2 + COPDAC x 2 IFRT 19.8 + 10 Gy boost Supraclavicular R, PET pos. Axilla R, iliac L 2
infraclavicular R,
mediastinum, hilus R,
paraaortic
Initially involved IIEA OEPA x 2 + COPP x 2 Residual disease 36.0  Neck bilat, PET Supraclavicular R, 4
infraclavicular bilat, infraclavicular R
axilla bilat,
mediastinum BULK, hilus R
In-field Initially involved IIA° ABVD x 3 IFRT 35.0 Supraclavicular R, CRu¢ Supraclavicular R 59
relapse infraclavicular R
IIA- OEPA x 2 IFRT 19.6 Neck L BULK, axilla L PET pos. Neck L BULK 10
Bothinnew IIIA° OEPA x 2 + COPDAC x 2 IFRT 19.8 Neck bilat, PET pos. Neck bilat, 54
infraclavicular bilat, infraclavicular bilat,
mediastinum, axilla bilat,
hilus R, spleen mediastinum,
hilus bilat,

paraaortic BULK,
mesenteric, iliac bilat,
inguinal L,

bone marrow

ABVD/P: doxorubicin, bleomycin, vinblastine, dacarbazine/prednisone; bilat: bilaterally; both;, hew: concurrent initially involved and new sites; COPDAC: cyclophos-
phamide, vincristine, prednisone, dacarbazine; COPP: cyclophosphamide, vincristine, procarbazine, prednisone; Cru: complete response unconfirmed; CS: clinical stage
according to Ann Arbor; IFRT: involved field radiotherapy; L: left; OEPA: vincristine, etoposide, prednisone, doxorubicin; PET-neg./PET-pos.: physiological or no
uptake/pathological uptake shown on a 2-['®Flfluoro-2-deoxy-D-glucose positron emission tomography scan; PR: partial response; R: right; RA: response assessment.
®The initially involved sites in bold indicate PET-pos. lymph node(s) on the response assessment 2-['®F]IFDG-PET.

PResponse assessment after two series of chemotherapy.

“Radiotherapy delivered before chemotherapy. Response assessment after radiotherapy and before chemotherapy.

The metabolic response on the early response assessment
PET scan did not seem to be associated with the relapse
localization as the 11 patients with a response assessment
PET relapsed in both PET-positive and PET-negative involved
sites (cf. Tables 2 and 3, where initially involved sites in bold
indicate PET-positive lymph nodes on the response assess-
ment PET/CT). Six of the seven patients with bulky disease
had a response assessment PET/CT. Likewise, time to relapse
did not seem to be associated with the metabolic response
on the early response assessment PET (relapse <12 months:
10 patients [five PET-positive, five PET-negative]; relapse >12
months: one PET-positive patient).

None of the patients who relapsed late (>12months) had
anemia, B-symptoms, or bulky disease initially and none
relapsed in a new site. Patients from the high-risk group all
relapsed in a previously involved site and four out of five
relapsed within six months after chemotherapy.

Follow-up

Five patients had a second relapse and one patient had a
third. Five of the 24 patients died from their relapse, all
experienced an early relapse. Eleven patients received high
dose chemotherapy and autologous stem cell transplant
(HDCT/ASCT) (first relapse: seven, second relapse: four), one

patient had an allogenic stem cell transplant, and 14 patients
were irradiated (re-irradiated: three) as part of their salvage
strategy. Among the 19 living patients, the following long--
term toxicities have been reported: infertility: 11, hypothy-
roidism: seven, depression/anxiety: two, neuropathy: one,
arthralgia: one, none: three. No secondary malignancies have
been reported. Two female patients have given birth.

Discussion

This is the first study to investigate the patterns of relapse
over three decades in an unselected nationwide cohort of
pediatric patients with HL. We carefully analyzed the ana-
tomic relapse localization and found that half of the relapses
occurred exclusively in initially involved sites that had not
been irradiated. A smaller number of relapses occurred in
bothi,new sites. Relapses in a new site alone were rare
(13%) and were only observed in irradiated patients. Relapse
above the diaphragm affecting the mediastinum was the
most common nodal site and the lungs were the most com-
mon extranodal site. Using rigid image co-registration we
demonstrated that not only do the patients relapse in the
initially involved lymph node regions, they relapse in the
exact same lymph nodes which were initially involved, con-
firming that involved site radiotherapy (ISRT) or involved
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Interval
Relapse localization ~CS ~ Chemotherapy Initially involved sites® RA® Relapse sites (months)
Initially involved IIA ABVD x 6 Neck bilat, mediastinum, hilus bilat NA Neck |, mediastinum 25
IIA ABVD x 6 Neck bilat, mediastinum CRu_3 Neck bilat 2
IIA OEPA x 2 Neck bilat, infraclavicular R, axilla R, CRu Neck bilat, hilus r 2
mediastinum, hilus R
IIA OEPA x 2 Neck bilat, axilla bilat CRu Neck bilat 6
1A OPPA x 2 Neck bilat, infraclavicular L, axilla PET neg.  Supraclavicular L, infra-clavicular L, 6
bilat, mediastinum mediastinum
A MOPP x 6 Neck R, mediastinum, hilus L, CRu_4 Paraaortic, spleen 5
paraaortic, iliac bilat, spleen
IB OEPA x 2+ COPDAC x 4  Neck L, mediastinum, hilus L, PET pos.  Paraaortic 6
paraaortic BULK,
mesenteric, spleen
IVA ABVD x 6 Neck, mediastinum, hilus bilat, NA Hilus L, lung 4
paraaortic, lung
IVA° OPPA x 2+ COPP x 4 Supraclavicular r, infraclavicular r, CRu Supraclavicular R 30
mediastinum, bone marrow
IVA OEPA x 2+ COPP x 4 Neck bilat (r)., mediastinum bulk, PET pos.  Neck bilat, mediastinum bulk, hilus r, 3
hilus bilat, paraaortic, paraaortic, spleen
spleen, bone
IVB 11 series +HDCT/ASCT® Neck bilat, mediastinum, hilus bilat, CRu_3 Neck bilat, mediastinum, paraaortic, 4
paraaortic, iliac bilat, inguinal spleen, lung
bilat, spleen, lever, lung,
bone marrow
Bothin new 1A OEPA x 2 Supraclavicular r, mediastinum PR Neck bilat, mediastinum, 7
paraaortic, spleen
1A OPPA x 2 Neck r, infraclavicular r PET neg.  Neck r, infraclavicular r, mediastinum, 5
paraaortic, iliac bilat, mesenteric
1A OPPA x 2 Neck L, infraclavicular L, PET neg.  Supraclavicular r, infra-clavicular r, 12
mediastinum BULK mediastinum, hilus .
1A OEPA x 2 Neck bilat, infraclavicular bilat, axilla PET neg.  Neck bilat, infraclavicular r, axilla 8
bilat, mediastinum, hilus R bilat, mediastinum, hilus r, lung
1B OPPA x 2+ COPP x 4 Neck bilat, infraclavicular R, axilla R, PET neg.  Neck bilat, mediastinum bulk, hilus 6
mediastinum BULK, hilus bilat bilat, paraaortic
IIA° OEPA x 2+ COPP x 4 Neck R, axilla R, spleen CRu Neck r, mediastinum 23

ABVD: doxorubicin, bleomycin, vinblastine, dacarbazine; bilat: bilaterally; both;,, hew: concurrent initially involved and new sites; COPDAC: cyclophosphamide, vin-
cristine, prednisone, dacarbazine; COPP: cyclophosphamide, vincristine, procarbazine, prednisone; Cru: complete response unconfirmed; CS: clinical stage accord-
ing to Ann Arbor; HDCT/ASCT: high dose chemotherapy/autologous stem cell transplant; L: left; MOPP: nitrogen mustard, vincristine, procarbazine, prednisone;
NA: not applicable; OEPA: vincristine, etoposide, prednisone, doxorubicin; OPPA: vincristine, procarbazine, prednisone, doxorubicin; PET-neg./PET-pos.: physio-
logical or no uptake/pathological uptake shown on a 2-['®FIfluoro-2-deoxy-D-glucose positron emission tomography scan; PR: partial response; R: right; RA:

response assessment.

®The initially involved sites in bold indicate PET-pos. lymph node(s) on the response assessment 2-['®F]IFDG-PET.
PResponse assessment after two series of chemotherapy unless otherwise specified.
“Initially primary refractory disease and therefore treated with ABVD, IEP, cisplatin, and HDCT/ASCT. Two months after the transplant an MRI scan showed no evi-

dence of disease. Four months after another MRI scan confirmed a relapse.

node radiotherapy [16] rather than IFRT can be employed.
However, the challenge is to select the patients who will
benefit from radiotherapy.

In the era where all patients with HL received combin-
ation chemotherapy, other studies have demonstrated that
the most common site of relapse was in initially involved
lymph node regions regardless of whether consolidating
radiotherapy was employed [14,17] or not [18,19]. Similar to
our results, relapses in new sites only were more common
for irradiated patients [9,18,19].

Bulky disease, especially in the mediastinum, is an import-
ant prognostic factor [8,9,13] and irradiating the bulky site to
a higher dose has been investigated [20]. Also, radiotherapy
to initial bulky disease has been investigated for patients in
the high-risk group despite a complete metabolic response
after induction chemotherapy [11]. However, only few studies
have investigated if patients actually relapse within the bulky
site. Krasin et al. [17] found that mediastinal bulk was associ-
ated with a higher risk of relapse in previously involved sites
but not necessarily within the bulky mediastinum as only

31% relapsed there (all patients were irradiated), whereas
other studies have not found a difference in relapse rate
between bulky and non-bulky sites nor a correlation
between tumor volume and frequency of relapse [14,19]. In
our study, only one third of the patients who relapsed had
bulky disease initially. They relapsed early (within the first
year) and, without consolidating radiotherapy, all relapses
occurred within the originally bulky site whereas irradiated
patients in two out of three cases relapsed outside of the
bulk (like reported by Krasin et al. [17]).

Response assessment with PET/CT is now considered
standard of care in HL treatment [15] and its ability to iden-
tify responders and non-responders is used to direct further
treatment in pHL clinical trials. However, it has not been
established that a CR after two series chemotherapy can pre-
dict EFS in low-risk patients [9], nor after three series, but a
very early PET-response after one series may possibly do so
[21]. Likewise, for adult patients with early stage HL, a nega-
tive response assessment PET/CT has not identified the
patients for whom consolidating radiotherapy can be
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Figure 2. Stacked-bar count illustrating the relapse localization in patients treated with chemotherapy alone (non-irradiated) and in patients treated with chemo-
therapy and consolidating radiotherapy (irradiated). All but one of the irradiated patients received involved field radiotherapy.

omitted without increasing the risk of relapse [22-24]. In our
study, time to relapse or site of relapse did not seem to be
associated with the outcome of the response assessment or
the metabolic response on PET. A recent study in adult
patients with early stage HL did not find a correlation
between initial lymph node characteristics (nodal size, 2-
['®FIFDG-uptake, or CT abnormalities after chemotherapy)
and the risk of relapse [25]. Hence, irradiating metabolically
active sites or bulky tumor sites only does not seem optimal
and can only be recommended within clinical trials (currently
investigated in AHOD1331 [NCT02166463], EuroNet-PHL C2
[NCT02684708] [11]). In patients with advanced disease, ISRT
or INRT would still lead to large treatment volumes and
other treatment strategies should be explored. Brentuximab
vedotin is currently investigated in the high-risk group as
first line treatment in the Children’s Oncology Group
AHOD1331 trial (NCT02166463).

Radiotherapy remains the most effective modality for
achieving local tumor control in most types of lymphoma,
including Hodgkin lymphoma, and omission of radiotherapy
will decrease EFS rates [6-11]. The use of consolidating radio-
therapy has been limited in the treatment of Danish patients
with pHL. In a comparison of pediatric patients with HL in
Denmark and Sweden treated from 1990-2010, Englund
et al. [26] showed that 36% of the patients in Denmark were
irradiated compared to 71% in Sweden. The 10-year EFS was
lower in Denmark with 79% (95% Cl, 70-86%) compared to
88% (95% Cl, 83-92%) in Sweden. The only major difference
in treatment approaches was a greater use of radiotherapy
in Sweden. Consequently, consolidating radiotherapy might
possibly have prevented a relapse in the 11 non-irradiated
patients in our patient series who relapsed exclusively in

initially involved sites. The risks of more intensive systemic
treatment, including salvage regimens after relapse, should
be weighed against the risks of modern, highly conformal
radiotherapy [27], especially in patients with limited disease.
In our study, 46% of the patients with relapse were salvaged
with HDCT/ASCT. Also, five of the 11 non-irradiated patients
were from the high-risk group and had extensive and/or
extranodal disease. For these patients, other systemic treat-
ment options such as targeted agents should be consid-
ered [28].

Interestingly, we found that radiotherapy delayed the time
to in-field relapses. This was also observed in the Children’s
Cancer Group 5942 trial where the median time to relapse for
irradiated patients was 20 months (range 1-70 months) com-
pared to 8.5months (range 1-76 months) for non-irradiated
patients [8]. Time to relapse is an important prognostic factor
for the outcome of salvage therapy (both with and without
HDCT/ASCT) [29,30]. In the ST-HD-86 salvage trial, pHL
patients with late relapse (>12months after the end of ther-
apy) had a significantly better EFS and overall survival (OS)
compared to patients who relapsed within the first year [29].
The patients in our study who died from relapsed HL all expe-
rienced an early relapse. Apart from being irradiated more,
patients who relapsed late did not present with B-symptoms,
bulky disease, nor anemia at initial diagnosis.

A limitation of our study was the small number of relap-
ses in a cohort subjected to different treatment strategies,
which prevented the ability to find statistically significant dif-
ferences of relapse characteristics among the relapsed
patients. Especially, the low-risk group and the patients with
clinical stage IIA constituted a very heterogeneous patient
population during the era where prognostic factors were not



incorporated in the treatment stratification. Of the 12 low-
risk patients, a minimum of three patients would have been
categorized as intermediate risk if initial bulky disease and
elevated ESR had been included as risk factors at the time.
Other limitations are the long time period and the retro-
spective nature of the study. Imaging modalities changes
over time and a detailed anatomical relapse localization of
the exact involved lymph nodes were only available for 58%
of the patients, for the remaining we relied on the written
imaging reports to identify the site of relapse.

The current study describes the patterns of relapse in an
unselected nationwide cohort, and although protocol treat-
ment strategies were followed, they were not strictly
adhered to and treatment decisions were based on the treat-
ing physician’s discretion which is the reality for many
patients worldwide.

It is, however, of concern that the 10-year EFS observed
in Danish patients with pHL is lower than for Swedish
patients and lower than that reported in the GPOH-HD95
trial [6,26]. Also, it underscores the importance of participat-
ing in clinical trials which all Danish patients with pHL are
offered today. Although, no difference was reported in the
OS between the Danish and Swedish patients [26] a recent
registry-based study did report a reduction in OS for early
stage patients with pHL when radiotherapy was omitted [31].
And, it must be remembered that a very long observation
time is needed to detect the influence of the long-term
effects of both radiotherapy and intensive salvage therapy.

In conclusion, neither treatment group allocation, bulky
disease, early response, nor metabolic activity seemed to be
associated with the site of a later relapse in a cohort of con-
secutively treated patients with pHL in Denmark between
1990 to 2018. Consequently, we argue that the use of these
factors to select patients for consolidating radiotherapy
should be applied with caution and, preferably, within a
randomized clinical trial. Radiotherapy provided local tumor
control and prolonged the time to in-field relapses. Relapse
in initially involved sites only was the most common, most
often in the exact same lymph nodes that were involved at
diagnosis. Hence, modern ISRT, focusing on the initially
involved lymphoma volume and minimizing the radiation
doses to normal tissues, should be applied when consolidat-
ing radiotherapy is used in patients with pHL in order to
achieve optimal tumor control with minimal toxicity.
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