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* In contrast to non-HL,
pediatric HL does not
involve the CNS
parenchyma but
extends into the extra-
axial CNS space from
surrounding tissue.

Hodgkin lymphoma (HL) involving the central nervous system (CNS) is exceedingly rare.
Information regarding the presentation, management, treatment, and outcome of patients
with CNS HL is limited to case reports or small series. We describe 45 pediatric patients with
55 extra-axial CNS lesions at diagnosis with HL from a cohort of 4995 patients enrolled on
Children’s Oncology Group AHOD1331 and the European Network for Pediatric Hodgkin
lymphoma C1 and C2 trials, with an overall incidence of 0.9%. Up to 82.2% of patients had a
single CNS lesion in the thoracic, lumbar, or sacral spine. In the evaluated cohort, HL did not
occur within the CNS parenchyma. Lesions extended into the extra-axial CNS space from
adjacent soft tissue or bone and never directly infiltrated through the dura into the brain or

Among the patients
with HL evaluated in
this report, the
incidence of lesions
involving the extra-axial
CNS was 0.9%.

spinal cord. Patients with CNS involvement had a twofold greater incidence of extranodal
lesions than previously reported cohorts without CNS involvement. After 2 cycles of
chemotherapy, 89.1% of CNS lesions demonstrated a complete metabolic response and >75%
decrease in volume. Thirteen CNS lesions (23.6%) received irradiation; none were sites of
disease relapse. Relapse occurred at the site of 2 lesions involving the CNS, both of which had
an adequate interim response to chemotherapy. In summary, we present, to our knowledge,
the largest reported cohort of systemic HL involving the CNS at diagnosis, demonstrating that
these lesions originate from surrounding tissues, extend into the extra-axial CNS space, and
respond similarly to other nodal and extranodal disease. The trials were registered at www.
clinicaltrials.gov as #NCT02166463, #NCT00433459, and #NCT02684708.

Introduction
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Hodgkin lymphoma (HL) constitutes ~7% of all childhood cancer, with an annual incidence of 2.6 per
100 000 people of all ages in the United States," or 1 in 2300 children aged <18 years enrolled in the
German Childhood Cancer Registry.? It is most common in adolescents and young adults, often pre-
senting with painless adenopathy, elevated inflammatory markers, and symptoms of fever, night sweats,
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and weight loss. Up to 33% of pediatric patients with HL demon-
strate extranodal lesions (E-lesions) at the time of diagnosis,
commonly involving bone, lung, or liver.*>” Involvement of the cen-
tral nervous system (CNS) at diagnosis with HL is exceedingly rare,
historically reported to occur in <0.5% of patients,® in contrast to
non-HL (NHL) in which CNS involvement has been reported in up
to 6% of patients.” ' NHL has been described to involve the brain
parenchyma (hemispheres, basal ganglia, corpus callosum, and
posterior fossa), leptomeninges, cerebrospinal fluid, and eyes.""'?
Compression of the spinal cord by epidural or leptomeningeal
lesions is an uncommon initial presentation of NHL, however, it can
be seen with recurrent or progressive disease.'® Descriptions of
CNS involvement in patients with HL are limited to small case
reports or series,' 2 often in patients with advanced disease.?’>?
A report from the German Hodgkin Study Group identified only 2
possible patients with CNS involvement among a cohort of 14 868
individuals; 1 in the context of multiply-relapsed HL and the other
that was not biopsy proven.”® Our review of previously published
cases identified 24 patients with HL involving the CNS at diagnosis
(6 patients within the pediatric age range of 8-13 years). This
literature review revealed that CNS involvement can present in
patients of all ages, with an average length of symptoms before
diagnosis of 5.6 months (see supplemental Data). The majority of
patients presented with pain and neurologic symptoms consistent
with the location of their disease. Many patients demonstrated
thoracic-level epidural involvement, potentially related to direct
spread from mediastinal lymph nodes.’*?° Among the previously
published cases, approximately half of the patients (56%) were
reported to undergo an emergency decompressive surgical pro-
cedure at the time of presentation. Given the paucity of literature
describing this occurrence, risk factors for CNS involvement in HL
have not been defined.®

The ability to detect CNS involvement is closely related to the
sensitivity of the imaging modality that is used; therefore, identifi-
cation of this was limited by earlier, less-sensitive techniques. Since
the 1980s, computed tomography (CT) scans have been the pri-
mary mode of anatomical imaging for patients with HL.>® The
Lugano criteria, defined in 2013, supported the use of '®F-fluoro-
2-deoxy-D-glucose positron emission tomography (FDG-PET)
with CT for the assessment of both metabolic activity and
morphology.”® Magnetic resonance imaging (MRI) is increasingly
recognized as a viable alternative for morphologic assessment with
minimal radiation exposure, which can also be combined with
PET 2729

Treatment protocols in HL have evolved to include risk- and
response-adapted combination chemotherapy, along with radio-
therapy in a subset of patients. HL is now a largely curable disease,
with novel therapeutics contributing to decreased relapse rates.
Brentuximab vedotin (Bv), an antibody-drug conjugate targeting
CD30 used in conjunction with standard chemotherapy treatment,
was demonstrated to significantly improve event-free survival in
high-risk pediatric HL.°®®" Radiotherapy is also an effective local
treatment option in HL; however, due to the risk of late effects, the
indications for radiotherapy have been reduced to patients at
highest risk of relapse.®> The impact of radiotherapy for patients
with CNS involvement of HL is unclear. Secondly, it is not known
whether the impact of radiotherapy on CNS lesions is comparable
with the efficacy of radiotherapy on peripheral lymph nodes and
other organs such as bone, lung, or liver.
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Therefore, given the rarity of CNS involvement in HL, very little is
known regarding the presentation of these lesions, response to
treatment, or outcomes with frontline therapy. This report descri-
besa large cohort of pediatric patients with HL with CNS involve-
ment at diagnosis, using combined data from the recent Children’s
Oncology Group (COG) and European Network for Pediatric HL
(EuroNet-PHL) consortium clinical trials.

Methods
General

The imaging studies evaluated in this report include those from
newly diagnosed patients with HL enrolled between 2007 and 2021
on the COG trial AHOD1331 (NCT02166463)°° and EuroNet-PHL
trials PHL-C1 (NCT00433459; EudraCT 2006-000995-33)°° and
PHL-C2 (NCT02684708; EudraCT 2012-004053-88; see Table 1).
These were all multicenter trials with central imaging review. All
cases with CNS involvement at the time of diagnosis were identified
from the central databases of the 3 clinical trials. E-lesions were
defined as per the proposed Staging, Evaluation and Response
Criteria Harmonization (SEARCH) for Childhood, Adolescent and
Young Adult Hodgkin Lymphoma (CAYAHL) consensus definition®*
as contiguous infiltration of a lymph node mass into extralymphatic
structures or organs. The COG cases with CNS involvement were
identified by the primary study committee radiologist (K.M.) at the
time of first protocol-mandated central review, and all COG trial
patients were rereviewed to ensure that none were missed. The
EuroNet-PHL cases were identified retrospectively because the
central trial database was queried for patients with E-lesions or
disseminated organ involvement. The nuclear physician (LK. and
radiologist (D.S.) from the EuroNet-PHL central review board re-
evaluated the imaging from these patients for potential CNS
involvement. Upon identification, original imaging of all patients
(COG and EuroNet-PHL) with confirmed or suspected CNS
involvement was then rereviewed by radiologists (KM., D.S., and
H.L) and nuclear medicine physicians (LK. and H.L.) with extensive
expertise in HL from both COG and EuroNet-PHL. The imaging
review was also attended by radiation oncologists (K.D.) and pedi-
atric oncologists (R.P. and C.M.-K\) and occurred over the course of
>25 virtual meetings, with the final consensus presented in this
report. All cases had morphologic imaging (CT and/or MRI), and 44
of 45 cases had FDG-PET performed before enrollment and the
start of therapy. All patients had disease response assessment after
2 cycles of treatment. FDG-PET/CT or FDG-PET/MRI were per-
formed at the end of therapy only if disease uptake was FDG-PET
positive after 2 cycles, as per the specific trial protocol.

The variables evaluated in this report were decided upon a priori by
consensus agreement of the multidisciplinary expert panel. The vari-
ables included the following: age, sex, Ann Arbor stage, histology,
symptoms at the time of presentation (pain and neurologic symp-
toms), corticosteroid administration before FDG-PET scan, number
and location of E-lesions (defined below), number and location of
CNS lesions, type of tissue from which the CNS lesion originated,
anatomic description of the involvement of the CNS lesion (including
whether the neural foramina or spinal cord was affected), whether
emergency irradiation or an operative procedure were performed at
diagnosis, intensity of FDG tracer uptake at the time of initial staging
(characterized by the Deauville score), metabolic and morphologic
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Table 1. Comparison of trials

EuroNet-PHL-C1

EuroNet-PHL-C2

AHOD1331

Dates of enrollment 31 January 2007 to 30 January 2013
66.5 mo (IQOR, 62.7-71.7)
<18y

Early (TG-1): IA, IB, and IIA
Intermediate (TG-2): IAE, IBE, IIB, IIAE, and llIIA
Advanced (TG-3): IIBE, IlIIAE, B, lIBE, all IV

Median follow-up
Ages enrolled

Risk groups included in trial

Time of randomization After 2 courses of initial chemotherapy and

interim FDG-PET

Induction treatment 2 x OEPA (vincristine, etoposide, prednisone,

doxorubicin)

2 (IR) or 4 (HR) x COPP

(cyclophosphamide, vincristine, prednisone,
procarbazine) or 2 (IR) or 4 (HR) x
COPDAC

(cyclophosphamide, vincristine, prednisone,
dacarbazine)

Chemotherapy treatment after interim
FDG-PET

Indication for radiotherapy All initially involved sites (except for bone
marrow lesions) if interim FDG-PET was
positive (Deauville score 3, 4, or 5) or

volume reduction <50%

1 October 2015 to 31 December 2020
N/A (follow-up ongoing at time of publication)
<25y

Early (TL-1): 1A, IB, and lIA without risk factors
(either bulk >200 mL or ESR >30 mm/h)
Intermediate (TL-2): IA, IE, llA + risk factors or

1B, A
Advanced (TL-3): IIBE, IIIAE, lliB, IIIE, IIBE, all
v

After 2 courses of initial chemotherapy and
interim FDG-PET

2 x OEPA (vincristine, etoposide, prednisone,
doxorubicin)

2 (TL-2) or 4 (TL-8) x COPDAC
(cyclophosphamide, vincristine, prednisone,
dacarbazine) or 2 (TL-2) or 4 (TL-3) x

DECOPDAC
(doxorubicin, etoposide, cyclophosphamide,
vincristine, prednisone, dacarbazine)

COPDAC group:
All initially involved sites (except for bone
marrow lesions) if interim FDG-PET was

16 March 2015 to 2 August 2019
42.1 mo (range, 0.1-80.9)

2-21y

High risk (HR): IIB + bulk, llIB, all IV

Before treatment initiation

2 x ABVE-PC (adriamycin, bleomycin,
vincristine, etoposide, prednisone,
cyclophosphamide) or 2 x Bv-AVE-PC
(brentuximab vedotin, adriamycin,
vincristine, etoposide, prednisone,
cyclophosphamide)

3 additional cycles of chemotherapy based
on randomization before treatment start
(8 x ABVE-PC or 3 x Bv-AVE-PC)

Large mediastinal adenopathy and all sites
which were still positive (Deauville score 4
or 5) in interim FDG-PET

positive (Deauville score >3) plus boost on
lesions still FDG-PET positive (Deauville
score >3) at the end of chemotherapy or
DECOPDAC group:

30 Gy on all lesions still FDG-PET positive

(Deauville score >3) at the end of
chemotherapy

IQR, interquartile range; HR, high risk; IR, intermediate risk; N/A, not applicable.

response of the CNS lesions after 2 cycles of chemotherapy, and
whether relapse occurred and in which location.

Definition of CNS involvement

CNS involvement can be defined in 2 distinct ways: (1) lesions
originating within the intra-axial CNS space; and (2) lesions extending
into the extra-axial CNS space. For example, lesions included in the
former group would include those originating within the CNS
parenchyma or subdural space. The latter group would include
lesions that extend into the intracranial, extra-axial space or the spinal
canal, including those which extend from surrounding soft tissue or
bone (Figure 1). This is an important distinction, because the biology
and response to treatment of intra-axial and extra-axial lesions would
likely be unique.

Trials included in cohort

COG protocol AHOD1331%°*° was a randomized, response-
adapted, phase 3 study for patients with newly diagnosed high-risk
classic HL (stages IIB with bulk, llIB, IVA, and IVB) aged 2 to 21
years. The primary aim of this trial was to compare the efficacy of Bv
with doxorubicin, vincristine, etoposide, prednisone, and cyclo-
phosphamide (Bv-AVE-PC) with the standard dose-intensive
regimen doxorubicin, bleomycin, vincristine, etoposide, prednisone
and cyclophosphamide (ABVE-PC). EuroNet-PHL-C17°° was a
titration study with an embedded noninferiority, randomized
controlled trial for patients with classic HL aged <18 years with early
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(treatment group 1 [TG-1]), intermediate (TG-2), or advanced-stage
(TG-3) classic HL. The aim of this study was to determine whether
radiotherapy could be omitted in patients with an adequate response
to vincristine, etoposide, doxorubicin and prednisone (OEPA) and
whether modified consolidation therapy (replacing procarbazine with
dacarbazine) reduces gonadotoxicity. Patients enrolled on EuroNet-
PHL-C1 from France and Austria (n = 574) were not included in this
report, because they did not participate in central imaging review.
EuroNet-PHL-C2 (NCT02684708; EudraCT 2012-004053-88)
was a comprehensive risk-stratified and response-adapted first-line
treatment strategy for patients with classic HL aged <25 years.
Patients were designated early (treatment level 1 [TL-1]), interme-
diate (TL-2), or advanced-stage (TL-3) HL. The aim of this study was
to determine whether radiotherapy can be reduced without
compromising cure rates and to investigate a randomization of
chemotherapy intensification. Follow-up for this trial is ongoing. See
Table 1 for additional details.

Results

Overview and clinical presentation

We identified 45 patients (0.9%) with 55 unique CNS lesions at
the time of diagnosis from a large international cohort of 4995
clinical trial patients (AHOD1331, n = 587; EuroNet-PHL-C1, n =
1528; EuroNet-PHL-C2, n = 2880). All of the identified lesions
involved the extra-axial CNS space. As described in Table 2, 20
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Normal anatomy

Spinal nerve

CNS manifestions of
Hodgkin lymphoma

Lesion originates
within the CNS

Vertebral body

Neuroforamen

Spinal meninges
and spinal cord

Lymphoma mass
growing through the

Compressed spinal cord
with intact spinal meninges

neuroforamen into
the spinal canal

Figure 1. Defining CNS involvement. (A) Normal anatomy of the spine and surrounding anatomic structures. (B) Tumor originating within the spinal cord. (C) Tumor infiltrating

through the neuroforamen, compressing the spinal cord.

patients (3.4%) were found to have CNS involvement from
AHOD1331, nine (0.6%) from EuroNet-PHL-C1, and 16 (0.6%)
from EuroNet-PHL-C2.

Information regarding clinical symptoms relating to the CNS lesion
was available for 11 of 45 patients (24.4%) in this cohort. Of these
11 patients, 9 presented with pain (82%), and 4 had neurologic
symptoms (36%; see supplemental Materials). Two of the 45
patients had emergency operative procedures at presentation; 1 of
these was due to spinal cord compression, and the indication for
the second operative procedure was not available within our data
set. Four lesions received pretreatment with corticosteroids. None
of the patients in our cohort received emergency radiotherapy at
presentation. The most common histologic subtype was nodular
sclerosis (68.9%), followed by mixed cellularity (11.1%).

Baseline characteristics of the CNS lesions

None of the lesions involved the intra-axial CNS space. All lesions
extended into the extra-axial CNS space from surrounding tissue. At
the time of diagnosis, the majority of patients (82.2%) had a single
lesion involving the CNS, whereas 4.4% had up to 3 discrete lesions
in the CNS. The lesions extended into the thoracic spine (45.5%),
sacrum (28.6%), lumbar spine (21.8%), cervical spine (5.5%), and
skull (3.6%; Figure 2). In our cohort, 45% of lesions originated from
adjacent bone and 40% from adjacent soft tissue. We were unable
to determine the tissue of origin for 15% of lesions (Figure 3).
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CNS involvement was associated with high-risk HL, with 89% of
patients presenting with stage IV disease. Many patients (68.8%)
demonstrated evidence of extranodal disease, most frequently in
the lung pleura (56%), followed by bone (20%), lung (16%), and
pericardium (8%).

Most lesions (92.7%) extended through the neural foramina of either
the vertebrae or sacral bone; 2 lesions did not extend through the
neural foramina, and 2 lesions could not be evaluated (Figure 4).
Thirty-one lesions entered the spinal canal. Of these, 54.8% caused
displacement of the spinal cord, 25.8% were adjacent to the spinal
cord but did not cause displacement, and 19.4% did not contact the
spinal cord (Figure 5). None of the lesions infiltrated into the spinal
cord itself. Spinal cord edema was evaluated for patients who had
MRI available (17 of 31 lesions). Among these evaluable lesions, only
12.9% had evidence of spinal cord edema.

Metabolic assessment of disease at initial staging was available for
44 of 45 patients. Of these 44 patients, 96.3% of CNS lesions had
high FDG uptake, comparable with Deauville 4 or 5. Two lesions
were comparable with Deauville 3, one of which had received
pretreatment with corticosteroids.

Characteristics of the CNS lesions at IRA

All 45 patients, including those who received emergency surgery
or steroid pretreatment, have been included in the following
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Table 2. Baseline characteristics

EuroNet-PHL-C1 (excluding France and

CNS HL cohort, n (%) COG AHOD1331, n (%) Austria),* n (%)
Sex
Female 13 (28.9) 276 (47) 716 (47)
Male 32 (71.1) 311 (53) 812 (53)
Age <10y: 9 (20.0) <12y: 90 (15.3) <13y: 472 (31)
10-18 y: 35 (77.8) 12-21 y: 497 (84.7) >13 y: 1056 (69)
>18y: 1 (2.2)
Ann Arbor stage
1A 28 (1.8)
1B 5 (0.3)
A 514 (33.6)
IIAE 66 (4.3)
1B 149 (9.8)
IIBE 121 (20.6) 88 (5.6)
A 2 (4.4) 130 (8.5)
IAE 17 (1.1)
nB 1(2.2) 111 (7.3)
IBE 2 (4.4) 113 (19.3) 35 (2.3)
IVA 12 (26.7) 128 (8.4)
IVAE 7 (15.6) 167 (28.4) 41 (2.7)
VB 9 (20.0) 186 (31.7) 126 (8.2)
IVBE 12 (26.7) 90 (5.9)
Histology
Nodular sclerosing 31 (68.9) 449 (76.5) 1063 (69.6)
Mixed cellularity 5(11.1) 33 (5.6) 305 (20)
Lymphocyte rich 1(2.2) 7 (1.2) 32 (2.1)
Lymphocyte depleted 6 (0.4)
Lymphocyte predominant
HL, not otherwise specified 3 (6.7) 98 (16.7) 81 (5.3)
Gray zone lymphoma 5 (0.3)
Information not available 5(11.1) 36 (2.3)
Trial
AHOD1331 20 (44.4)
EuroNet-PHL-C1 9 (20)
EuroNet-PHL-C2 16 (35.6)
Number of CNS lesions per patient
1 37 (82.2)
2 6 (13.3)
3 2 (4.4)
Location
Skull 2 (3.6)
Cervical spine 3 (56.5)
Thoracic spine 25 (45.5)
Lumbar spine 12 (21.8)
Sacrum 13 (23.6)
Origin of the CNS mass
CNS
Skeletal 25 (45.5)

*EuroNet-PHL-C2 primary results have not yet been published; therefore, patient details from that trial are not included here.
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Table 2 (continued)

CNS HL cohort, n (%)

EuroNet-PHL-C1 (excluding France and

COG AHOD1331, n (%) Austria),” n (%)

Muscle/soft tissue (including lymph node) 22 (40.0)

Origin unclear 8 (14.5)
Intensity of FDG uptake of CNS lesions at

initial staging (according to Deauville

scoring system)

8 2 (3.6)

4 5 (9.1)

5 47 (85.5)

Information not available 1(1.8)

*EuroNet-PHL-C2 primary results have not yet been published; therefore, patient details from that trial are not included here.

description of response assessment. After 2 cycles of chemo-
therapy, 67.3% of CNS lesions had decreased in volume by >75%
(61.8%) or had resolved completely (5.5%), whereas 32.7% CNS
lesions decreased in volume by 50% to 75%.

Thirty-seven of the lesions (74%) involving the neural foramina
demonstrated a residual mass after 2 cycles of chemotherapy,
whereas no residual mass was detected within the neural foramina
for 13 lesions (26%), and 5 lesions could not be adequately
assessed on the available imaging studies. Among the lesions that
previously entered the spinal canal, 34.5% demonstrated complete
resolution at interim response assessment (IRA), 18% continued to
demonstrate a residual mass within the spinal canal, and 6.5%
were unable to be assessed on the available imaging. Among the
lesions that continued to demonstrate a residual mass within the
spinal canal, 10% still displaced the cord, 20% closely approxi-
mated the cord but did not cause displacement, and 70% had
decreased enough in size that they had no proximity to the cord.

Figure 2. Locations of HL CNS involvement. (A) Tumor in the dorsal part of the
thoracic spinal canal and (B) ventral part of the lumbar spine (T2-weighted MRI
sequences of the same patient, red arrow indicating tumor location), (C) tumor
originating from the skull (bone window with subtle osteolysis, and (D) PET-fusion
demonstrating the same lesion as in panel C extending into orbit and middle cranial

fossa.
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Most CNS lesions demonstrated an adequate metabolic response
at IRA, with 89.1% PET negative (Deauville score 1-3) and 10.9%
remaining PET positive (Deauville score 4 or 5; Figure 6). Only 1 of
the CNS lesions that remained PET positive at IRA was irradiated,
and none of these lesions were sites of relapse. Two CNS lesions
(8.6%) that were PET negative at IRA (Deauville 1 and 3) were
associated with relapse, and neither received irradiation. Thirteen
CNS lesions (23.6%) in 13 patients received irradiation, and none
were sites of disease relapse. These results have been summarized
in Figure 7.

Figure 3. Different origins of CNS HL lesions. (A) Tumor originating from bone
(vertebral body of T12, L1, and L2). (B) Unclear tumor origin but very likely bone, with
circumferential involvement and an associated soft tissue component. (C)
Paravertebral tumor mass of the upper thoracic spine infiltrating through the right

neuroforamen, demonstrated by the red arrow, likely originating from soft tissue.

CNS INVOLVEMENT IN PEDIATRIC HODGKIN LYMPHOMA 4861

G20z Arenuer gz uo 1sonb Aq Jpd-ulew-9yEZ L 0-620Z-APE EPOOIq/0FBELZZ/958Y/8 L /8/Pd-8lolE/S80UBADEDOO|q/BI0"SUONESNIgNdySE]/:dlIY WO} PapEojumMod



Figure 4. Spreading pattern of CNS HL. (A) Tumor
spreading through the neural foramina into the thoracic spine.
(B) Direct spread from lumbar spinal vertebrae, (C) Lytic
cortical bony lesions (same patient as shown in panel B).

Discussion

Lymphoma involving the CNS has been reported to occur in ~6%
of all patients with NHL,>'® however, it is very infrequently
described in HL.® Given the rarity of this event, there is little
information available about the presentation and response to
treatment of patients with HL with CNS involvement at the time of
diagnosis. We present, to our knowledge, the largest retrospective
study of CNS HL lesions, all of which extended into the extra-axial
CNS space, combining data from 3 large cooperative group clinical
trials through an international collaborative effort. This report con-
firms the rarity of CNS involvement with an overall incidence in our
evaluated cohort of 0.9%. The incidence of CNS involvement on
AHOD1331 was 3.4%, whereas the incidence on the EuroNet-
PHL trials was 0.6%; a difference that reflects the different
patient risk groups eligible for and enrolled on each study and the
methodology for identifying cases within the 2 cooperative groups.
As described above, the EuroNet-PHL trials enrolled patients from
all risk groups, whereas AHOD1331 enrolled patients defined as
high risk.

HL lesions extending into the extra-axial CNS space were highly
metabolically active at staging (equivalent to Deauville score 4 or 5).
There were 2 CNS lesions that were noted to have a metabolic
activity level equivalent to Deauville score 3, one of which received
pretreatment with corticosteroids, and the other for which informa-
tion about corticosteroid pretreatment was unknown. Pretreatment

with corticosteroids is known to reduce tracer uptake and may have
influenced these results.*® Interestingly, 1 lesion with a Deauville
score of 4 and 2 lesions with Deauville score of 5 also received
pretreatment with corticosteroids; therefore, pretreatment with cor-
ticosteroids did not necessarily correlate with low tracer uptake in
our cohort; however, absolute numbers are small, and therefore, it is
challenging to draw any clear conclusions from this finding.

CNS involvement in our cohort did not occur in isolation but
extended into the extra-axial CNS space from adjacent bone or soft
tissue. In our cohort, there were 31 lesions that extended into the
spinal canal at the time of initial staging. None of these lesions
appeared to infiltrate through the dura into the spinal cord itself;
however, some of these lesions caused displacement of the cord
through mass effect. This observation, along with the lack of isolated
intra-axial CNS lesions, leads us to conclude that it would
be extremely unlikely for HL to infiltrate through the dura directly into
the CNS parenchyma, in contrast to what is typically observed in
NHL.

The majority of CNS lesions demonstrated a rapid response to the
first 2 cycles of chemotherapy, with 10.9% of CNS lesions
remaining PET positive (Deauville score 4 or 5) at this time point.
On AHOD1331, 18.8% and 19.3% of patients remained PET
positive after 2 cycles of therapy (standard-care and Bv groups,
respectively). The EuroNet trials categorized interim response as
adequate or inadequate, in which an adequate response was

Figure 5. Local impact on CNS structures. (A) Displacement
and mild compression of spinal cord to the right without contrast
enhancement in the transverse T1 fat saturated image. (B) The
same patient with edema clearly visible in the spinal cord in a
sagittal T2-weighted MRI image.
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Figure 6. Staging and response assessment. Imaging at
staging shows a large paraspinal mass (A, MRI) with intense
glucose metabolism (B, 18F-FDG-PET/CT; red

arrows = lymphoma; white arrows = normal kidneys). The mass
originates from the bone and extends into the neuroforamen
and the spinal canal (A-B). After 2 courses of OEPA
chemotherapy, 18F-FDG-PET shows a good metabolic
response (C, maximum intensity projection; red circle surrounds
the slight residual uptake of the former CNS lesion; [D-E]
18F-FDG-PET/CT; same height as panel B; minimal glucose

metabolism within the residual mass [red arrows]).

defined as a partial remission or greater and a negative PET
(Deauville score 1 or 2). Of the patients in TG2 or TG3, 60% had
an inadequate response after 2 cycles of OEPA, with the vast
majority (772/773) remaining PET positive. The different definitions
of response (rapid response vs adequate response) and the types
of chemotherapy used prevent a direct comparison between the
previously published response rates and those of the patients in
our cohort.

Two patients demonstrated relapse in the area of the CNS lesions,
both which were PET negative at IRA. The patient with a Deauville
score of 1 in the CNS lesion had poor IRA overall (Deauville score
5 at other disease sites). The patient with Deauville score of 3 in
the CNS lesion had an adequate metabolic response overall
(Deauville score 3 at other disease sites). Neither of these CNS
lesion received irradiation. Given the small number of patients who
demonstrated relapse in the area of a CNS lesion, we are unable to

Figure 7. Summary of baseline and IRA results. .
Baseline

55 CNS lesions

{

92.7% extended
through neural
foramina

'

61% entered
spinal canal

‘

54.8% displaced
spinal cord

Interim response assessment

73.5% extended through the
neural foramina

Morphology

26% had no residual mass

Villuia 61.8% decreased by > 75%

32.7% decreased by 50 - 75%

5.5% resolved

Metabolic 89.1% Deauville 1-3

10.9% Deauville 4 or 5
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draw conclusions in regard to the clinical significance, but relapse
remains a very rare event among this large patient cohort.

Many patients in our cohort (68.8%) had additional E-lesions
(pleura, pericardium, skeletal, or lung) as determined by the addi-
tional imaging review performed for this study, in contrast to the
EuroNet-PHL-C1 trial in which 429 of 1297 intermediate and
advanced-stage patients (33%) had evidence of E-lesions.”

Limitations of this study include the retrospective nature of our
study, preventing determination of the true incidence of CNS
involvement, and the inclusion of patients enrolled on clinical tri-
als, which may have excluded patients if they were clinically unwell
and needed interventions emergently. This may have affected our
findings in that patients with atypical presentations or intra-axial
CNS disease were not likely to be included in this cohort,
which could potentially explain why there was no evidence of HL
infiltrating through the dura into the CNS parenchyma. In addition,
the EuroNet-PHL patients included in this study were identified
from those who were noted to have “other” E-lesions or
disseminated disease; therefore, there is the potential that some
patients with CNS involvement could have been missed if this was
not flagged on initial review. Information regarding clinical symp-
toms at the time of presentation was available for only 11 patients
in this cohort, and as a result, we are unable to draw further
conclusions about the clinical presentation of HL with extension
into the CNS. However, of the patients for whom documentation
of clinical symptoms was available, these symptoms clearly
correlated with the location that was affected by the CNS lesion
(supplemental Materials).

Despite these limitations, our study provides important descriptive
information about rare CNS involvement in pediatric classic HL at
diagnosis. Among the 3 large cooperative group trials evaluated
here, there were no patients who had an intra-axial, parenchymal,
CNS lesion at the time of disease presentation. All lesions affecting
the CNS were as a result of extension from nearby bone or soft
tissue into the extra-axial space. These lesions occurred in patients
who had a higher frequency of extranodal lesions, and in general,
these lesions responded well to therapy. Our study also highlights
that CNS involvement should be considered in patients with HL at
the time of diagnosis if suggested clinically by neurologic symp-
toms or pain.
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