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Summary

The treatment of Hodgkin lymphoma (HL) is one of early suc-
cess. However, disease-free survival (DFS) does not reflect
latent organ injury and its impact on health status and well-be-
ing beyond 5 years. In fact, we are at a crossroads, in terms of
needing individualized approaches to maintain DFS, while
minimizing late effects and preserving health-related quality of
life (HRQoL). Premature morbidity and mortality translate to
a high societal cost associated with the potential number of
productive life years ahead in this population who are young at
diagnosis. The discordance between short-term lymphoma-free
survival and long-term health and HRQoL creates a “survivor-
ship gap” which can be characterized for individuals and for
subgroups of patients. The current review delineates contribu-
tors to compromised outcomes and health status in child and
adolescent (paediatric) HL and frames the survivorship gap in
terms of primary and secondary prevention. Primary preven-
tion aims to titrate therapy. Secondary prevention entails
strategies to intervene against late effects. Bridging the sur-
vivorship gap will be attained with enhanced knowledge of and
attention to biology of the tumour and microenvironment,
host genetic factors, HRQoL and sub-populations with dis-
parate outcomes.
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Epidemiology of HL in children and AYA

Hodgkin Lymphoma (HL) is a disease with the first modal
peak at 20-34 years of age. In the United States (US) 1100
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children and adolescents <20 years of age are diagnosed with
HL each year. The overall efficacy of conventional therapy is
such that, in 2016, there were an estimated 210 974 individu-
als living with HL in the US (Surveillance, Epidemiology,
and End Results (SEER) Program, 2019), many of whom
were initially treated in their childhood. While primary ther-
apy results in a 5-year disease-free survival (DFS) of 80-85%
across all patients, children have significantly better HL-
specific survival than adolescent and young adults (AYA),
and older adults (Kahn & Kelly, 2018). In addition, there
appear to be demographic populations who have not bene-
fited from the overall gains with conventional therapy. Popu-
lation and single-centre studies in the US suggest that
children and adolescents of black race, Hispanic ethnicity
and lower socio-economic status (SES) are more likely than
white children to be uninsured or have public insurance,
more likely to present with advanced stage disease and less
likely to receive radiation therapy (RT). Importantly, in pop-
ulation studies non-white race is associated with higher
relapse rates and worse overall survival (OS) (Metzger et al,
2008; Grubb et al, 2016; Keegan et al, 2016). Of note, while
lymphoma-free survival is more equitable among children
enrolled on therapeutic clinical trials, disparities in OS persist
(Kahn et al, 2017). While nodular sclerosing (NS) histology
is the prevalent form of HL in children and adolescents,
mixed cellularity (MC) disease is more common in younger
children (Bazzeh et al, 2010).

The population gaps in OS need to be addressed by ade-
quate representation of minorities in clinical trials in order
to enable an understanding of whether the disparities stem
from differences in biology of the disease, differences in toxi-
city or from disparate access to salvage therapies, including
haematopoietic stem cell transplantation (HSCT).

Premature morbidity and mortality in HL

Long-term HL survivors commonly experience treatment-re-
lated morbidity affecting thyroid, pulmonary, gonadal, cere-
brovascular and cardiovascular (CV) function (van Leeuwen
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et al, 2000; Oeffinger et al, 2006; Geenen et al, 2007; Swerd-
low et al, 2007) (Fig 1). In addition, curative therapy has
been associated with an excess risk of developing second
malignant neoplasms (SMN) (Aleman et al, 2003; Bhatia
et al, 2003; Castellino et al, 2011). These late treatment
sequelae negatively impact survivors’ health status (Hudson
et al, 2003) and predispose them to premature death. Con-
tributors to the life-long burden of morbidity in young HL
patients include: acute toxicity and impaired health-related
quality of life (HRQoL) during and following treatment;
latent effects of initial or relapse therapies; and financial
hardship during therapy, which follows into the survivorship
period for decades (Linendoll et al, 2016; Parsons & Kumar,
2019).

Despite 5-year DFS rates approaching 95%, the risk of all-
cause mortality with historic therapy remains higher than the
age-matched population. The Childhood Cancer Survivor
study (CCSS) reported OS of 74-1% [95% confidence inter-
val (CI) 71-8-76.6] at 30 years for paediatric HL survivors
treated between 1970 and 1986 and surviving at least 5 years

(Castellino et al, 2011). The majority of this cohort was trea-
ted with extended field RT, with some receiving combination
chemotherapy and staging splenectomy. The standard mor-
tality ratio differed by sex, and was 6-3 (95% CI: 5-6-7-1) for
males and 12-0 (95% CI: 10-4-13-8) for females. The excess
adverse risk (EAR) for overall death was estimated at 95-5
per 10 000 person-years (95% CI: 86-1-105-5). The EAR per
10 000 person-years for the leading causes of death was 383
for HL, 23-9 for SMN, and 13-1 for CV disease (Castellino
et al, 2011). With changes in radiation doses and in field
size, the 15-year cumulative incidence of at least one grade
3-5 condition was significantly lower for survivors diagnosed
in 1990-1999 (the expansion cohort of CCSS) compared
with those diagnosed with HL in 1970-1979 (17-7% vs.
26-4%; P < 0-0001) (Gibson et al, 2018). Thus, it appears
that reductions in therapy have already translated into
reduced all-cause and cause-specific mortality attributed to
SMN and CV disease (Armstrong et al, 2016).

The German HL Late Effects Research Project captured
detailed outcomes in 2548 survivors of childhood HL
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Fig 1. Modifiable off target effects amenable to primary or secondary prevention in survivors of paediatric Hodgkin lymphoma. “Novel therapies:
Brentuxzimab vedotin, Checkpoint inhibitors, CD30 Chimeric Antigen Receptor T cells. DFS, disease-free survival; GVHD, graft-versus-host disease;
HRQoL, health-related quality of life; HSCT, haematopoietic stem cell transplantation.
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between 1970 and 2002. While many of the overall late
effects mirror those self-reported by CCSS participants, this
study was able to validate cardiac outcomes (Schellong et al,
2010) and characterize sequential improvements in the risk
of male fertility with decreased utilization of procarbazine. In
the St. Jude Life Cohort, where participants underwent a
detailed standardized CV assessment, the cumulative inci-
dence of HL survivors experiencing at least one grade 3-5
CV condition was 45-5% at 50 years, compared with 15-7%
in community controls (Bhakta et al, 2016). Myocardial
infarction and structural heart defects were prevalent contrib-
utors to the excess burden in survivors and were associated
with high cardiac radiation dose (=35 Gy), reflecting the
treatment era of extended field approaches. Survivors of
childhood HL, particularly those with neurological, cardiac
and pulmonary chronic conditions, are at risk for impaired
fitness and diminished HRQoL (Wogksch et al, 2019). Long
term survivorship studies to date have been unable to sort
out the added burden of salvage therapy, specifically autolo-
gous HSCT, underlying late effects and premature mortality.

Data from historic cohorts inform us that high cumulative
doses of chemotherapy and extended field RT were the dri-
vers of compromised long-term survivorship (Fig 1, Table I).
Since the late 1990s, efforts have focused on finding the effi-
cacy-toxicity balance toward narrowing the survivorship gap.
While epidemiological data from long-term survivors of HL
has characterized the range and dose associations of conven-
tional chemotherapy and RT to latent organ toxicity, the
changes in therapy since 1997 and the promise of replace-
ment of conventional therapy with novel agents remains to
be realised because follow-up is short. Recognition of the
cost of cure has informed primary and secondary approaches
to improve the long-term trajectory of health in children and
adolescents with HL. Internationally, the goals for paediatric
HL trials have been to improve or maintain excellent disease
control while reducing treatment burden.

Primary prevention to close the survivorship
gap

Refining frontline conventional therapy

Reduction of the burden of treatment in HL survivors begins
with continued refinement in primary therapy approaches.
Therapy for children with lymphocyte-predominant histology
HL has diverged from therapy for NS and MC disease, with
the recognition that this is a biologically different disease
(Appel et al, 2016; Marks et al, 2018). A comprehensive
review in 2015 summarized contemporary paediatric treat-
ment approaches for de novo HL (Kelly, 2015). Five-year
DFS in paediatric HL ranged from 79-8% to 97% for low
risk HL (Landman-Parker et al, 2000; Mauz-Korholz et al,
2010; Metzger et al, 2012; Tebbi et al, 2012; Wolden et al,
2012; Keller et al, 2018) to 77 to 90 % for high risk disease
(Schwartz et al, 2009; Mauz-Korholz et al, 2010; Kelly et al,
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2011; Wolden et al, 2012; Friedman et al, 2014; Kelly et al,
2019) in completed trials. With the goal of lowering cumula-
tive doses of anthracyclines to a doxorubicin equivalent dose
of <250 mg/m* and alkylating agents to <7 g/m” (cyclophos-
phamide equivalent dose) (Green et al, 2010), contemporary
paediatric chemotherapy regimens have diverged from the
conventional adult approaches of ABVD (adriamycin, bleo-
mycin, vinblastine, dacarbazine) and BEACOPP (bleomycin,
etoposide, adriamycin, cyclophosphamide, vincristine, pred-
nisone, procarbazine) by using combination chemotherapy
with non-cross-resistant agents [adriamycin, bleomycin, vin-
cristine, etoposide, prednisone, cyclophosphamide (ABVE-
PC) or vincristine, etoposide, prednisone, adriamycin/
cyclophosphamide  vincristine, —prednisone, dacarbazine
(OEPA/COPDac)] (Mauz-Korholz et al, 2010; Friedman
et al, 2014). The delivery of dose dense therapy in Children’s
Oncology Group (COG) regimens is facilitated by supportive
care including granulocyte colony-stimulating factor (GCSF)
and accepted myelosuppression in paediatric settings. These
studies demonstrate anti-lymphoma efficacy with lower
cumulative doses of alkylating agents and anthracyclines
(Table IT) than are customary with adult treatment regimens
(Kelly, 2015). Furthermore, risk-based response adapted
approaches, facilitated by interim imaging in recent paedi-
atric trials have decreased RT delivery (Friedman et al, 2014;
Keller et al, 2018; Kelly et al, 2019).

Although the risk for some late toxicities varies by gender,
with male patients being at higher risk for infertility associ-
ated with alkylator-based therapy and female patients at
greater risk for the development of breast cancer within the
RT field (Armstrong et al, 2007; Castellino et al, 2011), few
paediatric trials have investigated regimens that tailored
treatment by gender (Kelly et al, 2011). With the procar-
bazine-free regimen OEPA/COPDac, boys had comparable
DES to girls who received the standard OPPA-COPP regimen
in the GPOH-HD-2002 trial (Korholz et al, 2004; Mauz-Kor-
holz et al, 2010). Substitution of RT with alkylator therapy
in girls with high risk HL was associated with comparable
outcomes as boys in the COG trial C59704 (Kelly et al,
2011).

The continued dependence on consolidative involved-field
RT toward maintaining 5-year DFS in paediatric HL has
been critiqued. In the pre-positron emission tomography
(PET) era trials in adult HL (Johnson et al, 2010; Borch-
mann et al, 2011; Gordon et al, 2013) found a significant
benefit to the use of RT as part of initial therapy. More
recently, the GITIL/FIL HD 0607 trial found no significant
benefit to RT among patients with nodal masses >5 cm who
had a negative PET scan after two and four cycles of ABVD
(Casasnovas et al, 2019), and adult HL protocols incorporat-
ing escalated dose BEACOPP have reported 5-year progres-
sion-free survival (PFS) rates >85% with limited or no
routine use of RT (Borchmann et al, 2018). These findings
suggest that PET-computed tomography (CT) may be uti-
lized to tailor or avoid RT for the majority of HL patients
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Table I. Primary and secondary prevention strategies to close survivorship gaps in paediatric Hodgkin lymphoma.

Cause of survivorship gap

Primary prevention

Secondary prevention

Normal tissue volume exposure
to RT

-Thyroid dysfunction
-Cardio-toxicity
-Pulmonary Toxicity
-SMN

High cumulative doses
Alkylating agent chemotherapy
Anthracycline chemotherapy
HSCT

-Cardio-toxicity
-Pulmonary Toxicity
-SMN

-Infertility

Novel therapies*

Tailor application of RT

-Utilize decision models toward shared decisions
on use of RT for de novo disease based on tumour
(stage, bulk) and patient factors

-Imaging and biological biomarkers to determine
overall and disease site-specific benefit for RT

Modify RT dose and fields

-INRT
-New techniques (Breath hold, IMRT)
-Proton therapy

Personalized initial therapy

-Minimize cumulative doses based on:
harmonized risk
criteria; clinical predictors; host
pharmacogenomics

-Inclusion of, or substitution with novel agents:
integral biomarkers; response adaptation

-Expansion of trials of novel agents to younger
adolescents

Tailor salvage regimens, use of HSCT in relapse
-Use of maintenance novel agents after HSCT
Fertility preservation

-Preservation: Sperm; testicular tissue; oocyte
-GnRH analogue therapy

Supportive care

-GCSF to support delivery of dose-dense therapy

-Cardio-protection (dexrazoxane)

-Anticipate and manage immune-mediated adverse
events

Biologically-based selection of patients
Inclusion of adolescent patients in clinical trials

-A priori subgroup analyses of toxicity in the
younger cohort

PROs

-Early detection/management of symptom, to
maximize
dose delivery

Guideline basedf
Screening for early detection of SMN in RT field:

-Breast — self-examination; mammogram; breast MRI
-Colon - colonoscopy; stool guaiac

-Lung — spiral CT

-Skin — physical examination

-Thyroid — examination; ultrasound

Screening for cardio-pulmonary health:

-Echocardiogram; EKG

-Lipid and metabolic screening
-Carotid artery exam vs. ultrasound
-Coronary artery score

Screening endocrine health:
-TSH; Free thyroxine

Guideline basedf
Screening for early detection of SMN:

-MDS; secondary leukaemia - FBC
Screening for cardio-pulmonary health:

-Echocardiogram; EKG
-Lipid and metabolic screening
-PFT

Screening endocrine health:
-Sex hormones; ovarian reserve

Pharmacological management of CV risk
Reproductive assistance
Survivorship care/health maintenance

-Patient education

-Survivorship care plans

-Electronic personal health records; transition care
-Diet

-Exercise

-Smoking avoidance/cessation

-HPV vaccination

Long term follow-up

-Neuropathy
-Immune function
-Immune mediated-adverse events
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Table 1. (Continued)
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Cause of survivorship gap Primary prevention

Secondary prevention

Diminished HRQoL Systematic evaluation/PROs

-Fatigue -Fatigue
-Financial hardship -HRQoL
-Productivity loss -Neuropathy

Evaluate financial hardship
Enhance work/minimize productivity loss

-Patients
-Caregivers

Shared decision making: patient and provider

Population disparities Reduce population disparities

-Minority populations
-AYA novo and relapsed disease
-Enhance care compliance

-Facilitate equal access to clinical trials for de

Utilize EHR and administrative data

-Identify populations at increased risk for late effects

AYA, adolescents and young adults; CT, computed tomography; CV, cardiovascular; EHR, electronic health record; EKG, electrocardiogram; FBC,
full blood count; HPV, human papilloma virus; HRQoL, health-related quality of life; HSCT, haematopoietic stem cell transplantation; IMRT,

intensity-modulated radiation therapy; INRT, involved node therapy; MDS, myelodysplastic syndrome; MRI, magnetic resonance imaging; PFT,
pulmonary function test; PROs, patient-reported outcomes; RT, radiation therapy; SMN, second malignant neoplasm; TSH, thyroid stimulating

hormone.

*Novel Therapies include: Brentuximab vedotin; Checkpoint inhibitors; CD30 Chimeric Antigen Receptor T cells.

TScreening guidelines are not meant to be all inclusive; guideline recommendations vary for an individual based on therapy exposure, cumulative

dose and individual patient risk factors or co-morbidities; survivorshipguidelines.org (Landier et al, 2004).

who achieve a rapid metabolic response, when chemotherapy
is sufficiently intensive.

In fact, recent paediatric trials indicate the feasibility of
response-adapted omission of radiation. Pending the proof
of safety and efficacy of novel agents in paediatric HL, con-
temporary RT continues to have a curative role in settings of
bulk disease or chemo-resistance, thereby sparing subsequent
need and risk of salvage HSCT in chemo-insensitive patients.
Importantly, serial decreases in RT field extent (from
extended field to involved field, to involved site or involved
node) and lower prescribed doses (<30 Gy) have reduced
normal tissue volume exposure from the historical
approaches associated with SMN and CV risk. In a retrospec-
tive comparison of radiation plans from HL survivors, lower
breast, heart, lung and thyroid doses were observed for
patients on COG trials between 2002-2012 compared with
CCSS participants treated between 1970-1986 (Zhou et al,
2016). The possibility of further reducing normal tissue
exposure with PET-based response adaptation in combina-
tion with conformal fields, deep inspiration breath hold and
proton therapy is being evaluated in paediatric trials
(NCT02166463; NCT03907488; NCT02684708)(Hoppe et al,
2017).

Harmonization of risk and response across trials

In order to continue tailoring primary therapy there are sev-
eral priorities. Frontline trials need to harmonize risk classifi-
cation and response criteria, so that trial data are more easily
comparable across groups. Toward this end, the Staging Eval-
uation and Response Criteria Harmonization (SEARCH) ini-
tiative was created in 2011. This international collaboration
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among members of COG, European Network for Paediatric
HL (EuroNet-PHL), St. Jude-Stanford-Dana-Farber consor-
tium and Asociacién de Hemato-Oncologia Pedidtrica de
Centro América (AHOPCA) is working toward standardized
staging and response criteria for paediatric trials and report-
ing of outcomes (Flerlage et al, 2017).

While adult HL trials have used the international prognos-
tic score (IPS) (Hasenclever & Diehl, 1998), there have been
no clinical risk predictors beyond Ann Arbor staging and the
presence of bulk at presentation in de novo paediatric HL.
The Childhood Hodgkin International Prognostic Score
(CHIPS) was based on the experience in the COG
AHODO0031 trial of patients with intermediate-risk HL
(Schwartz et al, 2017). The score range is 0—4, with one point
assigned for each of the following presenting features: Stage 4
disease, large mediastinal mass, albumin (<35 g/1) and fever.
The CHIPS was highly predictive of EFS, identifying a subset
of patients with a 4-year EFS of <80% and identifying higher
risk patients who were not identified by early PET or CT
response. CHIPS is being validated in an ongoing COG trial
(NCTN 02166463). Its components will be further evaluated
alongside the adult IPS composite score in the intergroup
Phase III trial among those >12 years of age with advanced
stage HL (NCT03907488).

Need for integral biomarkers in children and adolescents

Tumour markers to identify refractory patients as early as
possible will facilitate optimization of the choice of treatment
agents and intensity. Tumour biopsy samples have been used
to characterize the microenvironment. The promising 23-
gene expression profile of the tumour microenvironment in
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adult HL with advanced stage disease (Scott et al, 2013) has
not yet been validated in younger patients (Mottok et al,
2015). Flow-sorting tissue for Hodgkin Reed-Sternberg
(HRS) and intratumour T cells and optimizing low input
exome sequencing has provided preliminary information on
genomic alterations in HL, including paediatric cases
(Reichel et al, 2015). HRS cells evade antitumour immunity
by multiple means, including gains of 9p24.1 and perturbed
antigen presentation (Ansell et al, 2015). A higher degree of
9p24.1 molecular alteration and a higher degree of PD-L1
(also termed CD274) expression by immunohistochemistry
was associated with improved response and superior DFS
(Roemer et al, 2018). Given that major histocompatibility
complex class II expression on the HRS cell was also predic-
tive, it remains to be seen if these factors will hold true in
disease response to checkpoint inhibitors and other modula-
tors of the tumour microenvironment in younger children.

Peripheral blood biomarkers include several malignant
cell, tumour microenvironment, and immune response-re-
lated markers, such as neutrophil-to-lymphocyte ratio, lym-
phocyte-to-monocyte ratio, serum thymus and activation
regulated chemokine (TARC), galectin 1, micro-RNAs, serum
CD163 and serum CD30 (Aoki & Steidl, 2018). Decreases in
TARC correlated with tumour reduction following brentux-
imab vedotin (Bv) and gemcitabine in adolescent patients
with relapsed/refractory HL (Cole et al, 2018). However,
TARC has yet to be validated as an independent risk predic-
tor in de novo paediatric HL. Circulating tumour DNA
(ctDNA) reflects DNA fragments released from apoptotic
and necrotic cancer cells and can be measured in peripheral
blood by next-generation sequencing (Spina et al, 2018).
Epstein—Barr virus (EBV) DNA in cell-free blood has been
shown to be a marker of inadequate tumour response in
EBV-associated paediatric HL (Welch et al, 2017). In the
future, a more complete understanding of the molecular and
immune pathogenesis of paediatric HL will guide the devel-
opment of new and better treatments.

Novel agents in de novo paediatric HL

The potential to incorporate tumour biology to guide novel
therapies in paediatric and adolescent HL came with the
advent of the anti-CD30 antibody drug conjugate, Bv, and
with checkpoint (programmed death pathway) inhibitors.

ECHELON-1, a randomized Phase III trial of Bv (Adce-
tris) plus AVD (Bv-AVD) compared to non-PET-adapted
ABVD in patients aged >18 years with previously untreated
advanced stage HL, noted a 2-year modified PFS (mPFS) of
82:1% in the Bv-AVD group vs. 77-2% in the ABVD group
(P =0-04) (Connors et al, 2018). The efficacy was attained
with the elimination of bleomycin therapy, and with recogni-
tion of the role of GCSF to support patients through myelo-
suppression.

The overall response rate in early phase trials of Bv as a
single agent in paediatric HL was 47% (95% CI 21-73),
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notably lower than the response in adult early phase trials
(Locatelli et al, 2018). All patients had a treatment-emergent
adverse event and 44% had at least one >grade 3 adverse
event; 33% patients had transient, peripheral neuropathy.
This paediatric experience with Bv contrasts with the phase
II trial of Bv in combination with gemcitabine, where 67%
(95% CI 51-80) of 42 evaluable patients had a complete
response within the first four cycles of treatment (Cole et al,
2018). Four (31%) of 13 patients with a partial response or
stable disease had all target lesions with Deauville scores of 3
or less after Cycle 4. These experiences raise caution with
regard to the direct application of agent efficacy from adult
to paediatric trials, and comparison with newly-defined
response endpoints, such as mPES.

Early phase trial efficacy with Bv set the stage for bringing
anti-CD30 targeted therapy into de novo paediatric HL. The
COG randomized clinical trial (NCTN 02166463) compares Bv
with the AVEPC (adriamycin, vincristine, etoposide, pred-
backbone to
ABVEPC (adriamycin, bleomycin, vincristine, etoposide, pred-

nisone, cyclophosphamide) conventional
nisone, cyclophosphamide). The experimental arm evaluates
Bv in a dose dense regimen with cumulative anthracycline dose
limited to 250 mg/m* and no bleomycin. Response-adapted
involved site radiation (ISRT) (Zhou et al, 2016), based on
interim PET-CT, is the goal of further reducing normal tissue
volume exposure. The St. Jude-Stanford-Dana-Farber consor-
tium Phase 2 trial of Bv, etoposide, prednisone, doxorubicin/
cyclophosphamide, Bv, prednisone and dacarbazine (AEPA/
CAPDac) in high-risk patients similarly built on the EuroNet-
PHL OEPA/COPDac backbone, substituting Bv (Adcetris) for
vincristine (NCT01920932), and will extend this experience to
patients with high risk disease in NCT03755804. An industry-
sponsored trial (NCT02979522) of Bv-AVD in advanced stage
de novo paediatric HL is ongoing. All these trials will provide
insight into the short- and long-term toxicity and pharmacoki-
netics (Flerlage et al, 2016) of Bv in paediatrics and the ability
to further tailor RT.

The incorporation of PD-1 (also termed PDCD1) block-
ade into initial therapy in adult HL aims to overcome the
negative prognostic impact of PD-1 pathway alteration
(Ramchandren et al, 2019). The preliminary findings evaluat-
ing the addition of nivolumab to doxorubicin, vinblastine,
dacarbazine (AVD) as initial therapy in patients with newly
diagnosed advanced stage (stage IIB, III, IV) HL (CheckMate
205, cohort D) indicate ORR was 84% and the CR rate was
67% in the intent to treat analysis (Ramchandren et al,
2019). Nivolumab and pembrolizumab both target epitopes
on the PD-1 molecule with high affinity and specificity.
Whereas nivolumab and post-transplant consolidation with
Bv is approved for relapsed or progressive in adults, the US
Food and Drug Administration granted accelerated approval
for pembrolizumab for both adult and paediatric relapsed/re-
fractory patients who have refractory classical HL (Geoerger
et al, 2018). Early experience with checkpoint inhibitors in
paediatric patients suggest that toxicity is not increased over
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Table II. Comparison of cumulative dose* exposure of selected adult or paediatric chemotherapy regimens (mg/m” or units/m®) for Hodgkin

lymphoma.

Adult HL therapy Paediatric HL regimens

Escalated OEPA/

ABVD BEACOPP Bv-AVDY ABVE-PCi} Bv-AVEPC COPDac
Cycles (1) 6 6 6 5 5 2/4
Doxorubicin (D) 300 210 300 250 250 160
Bleomycin (B) 120 60 — 75 -
Vincristine (V; O) - 12 - 15 7-5 21
Etoposide (E) - 3600 - 1875 1875 1250
Cyclophosphamide (C) - 7200 - 6000 6000 4000
Prednisone (P) - 3360 - 1400 1400 3922
Procarbazine (P) - 4200 - - -
Vinblastine (V) 72 - 72 - -
Dacarbazine (D; Dac) 4500 4500 3000
Brentuximab vedotin (Bv) 144 9-0

*Doses listed reflect the cumulative chemotherapy dose (per m?) to an individual survivor if the entire number of intended cycles are delivered.

TECHELON-1 trial (Connors et al, 2018).

1On Children’s Oncology Group (COG) trials AHODO0831 (Kelly et al, 2019), AHODO0031 (Friedman et al, 2014) the cumulative dose of
cyclophosphamide was 3200 mg/m? this contrasts to AHOD1331 (NCT02166463) where the dose is 6000 mg/m?.

that noted in adults, however, longer term follow-up is
needed to ensure that younger patients are not at elevated
risk for acute or late onset immune related adverse events
(Ihara, 2019).

Biologically-based targeted approaches in paediatric HL
are a key primary prevention strategy to reduce exposure to
RT and to cumulative doses of anthracycline and alkylating
agents (Table I).

Expansion of trials of novel agents to younger adolescents

Based on recent guidance from the American Society of Clin-
ical Oncology (ASCO) and the Friends of Cancer Alliance to
include children >age 12 years in late phase trials (Kim et al,
2017), the COG examined outcomes on legacy trials to
inform the optimal lower threshold age for enrolment on tri-
als of novel agents in HL. Adolescent age emerged as an
independent risk for DFS (>12 years Hazard ratio 1-52 [95%
CI 1-06-2:19; reference <12 years] and age >15 years was
identified as an independent risk for OS (>15 years Hazard
ratio 2-58 [95% CI 1-24-5-38]) (Kahn et al, 2018). These
data suggest that a “one fit” approach for all paediatric HL
may not be warranted.

Future trials incorporating novel agents in paediatric HL
need to consider how to achieve gains in younger adolescents
(1215 years of age) and adolescents/young adults (15—
39 years of age), a population known to lag in benefit behind
their older and younger counterparts (Kahn & Kelly, 2018).
Toward this goal, the National Cancer Institute’s National
Clinical Trials Network (NCTN) will facilitate intergroup tri-
als in North America. A recently activated Phase III trial in
(NCT03907488) advanced stage HL exemplifies adult and
paediatric collaboration. Patients >12 years of age will be
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randomized to Bv or nivolumab alongside AVD. Similar
efforts are ongoing for early unfavourable and relapsed dis-
ease. An international collaboration is examining the safety
and efficacy of pembrolizumab in combination with
chemotherapy in children and young adults with newly diag-
nosed HL who are slow early responders (SERs) to frontline
chemotherapy (NCT03407144) (Mauz-Korholz et al, 2018).
While novel therapies including the antibody-drug conju-
gates and various immunotherapy approaches offer a pro-
mise of improved lymphoma-free survival and OS, these
agents are expensive and are associated with a different slate
of symptom burden, such as peripheral neuropathy (Bv),
rash, colitis, pneumonitis and endocrinopathies (checkpoint
inhibitors) (Brahmer et al, 2018; Vardhana et al, 2019).
Potential immune-mediated adverse events of drugs that tar-
get the tumour microenvironment need to be carefully
tracked in younger patients. Importantly, adverse symptoms,
poor HRQoL and financial hardship can limit full delivery of
novel agents, which, in turn, may alter disease outcomes.

Novel salvage regimens

Novel approaches after initial therapy or following autolo-
gous HSCT are needed for the 15-30% of children with
recurrent or refractory HL. Small numbers of patients have
limited the opportunity to evaluate novel agents in paediatric
specific trials. In a COG retrieval trial, the combination of
Bv with gemcitabine was highly active. The high complete
response rate facilitated reduction of alkylating agent dose in
a young group who often need subsequent HSCT (Cole et al,
2018).

An analysis of children and AYA <30 years of age who
underwent autologous HSCT for relapsed/ refractory HL
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reported PES and OS of 56% and 73%, respectively (Satwani
et al, 2015). Risk factors for reduced survival post-HSCT
included first remission <12 months, poor performance sta-
tus, chemo-resistance, extra-nodal disease at relapse and
receipt of first line therapy regimens other than ABVD/
ABVD-like. Patients with late relapse of low-stage disease are
predicted to have excellent outcomes with conventional
chemotherapy or chemo-radiotherapy, and thus may be able
to avoid the acute and long-term toxicity associated with
HSCT (Harker-Murray et al, 2014). A strategy to stratify the
intensity of salvage treatment based on time to relapse and
stage of disease at relapse in paediatric HL is under evalua-
tion (NCT02927769). The role of CD30-directed chimeric
antigen receptor T cell (CAR T) therapy for chemo-refractory
patients is of promise (NCT02690545) (Park et al, 2017).
While inclusion of children >12 years of age has been
advocated for generalizability in late phase trials (Kim et al,
2017), translation of this principle to early phase trials in HL
will be beneficial to having younger adolescent access to tar-
geted lymphoma therapies more quickly. Given the excellent
response rates to PDI1 blockade described in relapsed and
refractory HL in adults, nivolumab is currently under study
for paediatric patients through the NCTN in combination
with ipilumumab and Bv for relapsed/refractory lymphoma
(E4412; NCT01896999) and in combination with Bv for
relapsed HL (Checkmate 744: AHOD1721; NCT02927769).

Pharmacogenomics

While many late effects in HL survivors follow a dose-re-
sponse pattern with conventional chemotherapy or RT, varia-
tion in risk is confounded by genetic basis for differential
sensitivity to radiation carcinogenesis or chemotherapy-asso-
ciated cardiotoxicity, pulmonary injury or neuropathy.
Understanding those risks in survivors can be assimilated
into individualizing future front-line therapy for HL.
Recently a breast cancer polygenic risk score (BC-PRS), con-
sisting of 77 single nucleotide polymorphisms previously
associated with breast cancer in the general population, was
noted to substantially increase the risk of breast cancer in
women who received chest RT for HL (Opstal-van Winden
et al, 2019). Similarly, several polymorphisms that predict
increased risk of anthracycline cardiomyopathy have been
found. These range from effects on anthracycline drug trans-
port, to effects on regulation of reactive oxygen species
(Armenian & Bhatia, 2018). The pharmacogenomics of neu-
ropathy in HL has not been explored.

Supportive care/Cardioprotection

As anthracylines remain an intergral component of paediatric
HL therapy, the primary strategy to date has been to keep
the cumulative dose <300 mg/m’. Dexrazoxane, a topoiso-
merase II inhibitor with cardioprotective potential, reduces
reactive oxygen species formation. Its use concomitant with
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anthracyclines is theorized to be associated with reduction of
the risk of congestive heart failure (Lipshultz et al, 2014;
Chow et al, 2015). The only randomized trials of its use in
paediatric HL raised a concern of it potentiating the risk of
therapy-related secondary leukaemia, myelosuppression and
typhlitis in regimens that also included etoposide (Tebbi
et al, 2007; Schwartz et al, 2009). A subsequent analyses
across three trials where patients were randomized to dexra-
zoxane indicated no difference in mortality or in SMN rates
by dexrazoxane arm; the rate of typhlitis and overall myelo-
suppression was not studied (Chow et al, 2015). An ongoing
study examining the long-term efficacy of dexrazoxane on
cardiac outcomes across a range of anthracycline exposures
(NCT0179012) will be informative for its future adoption.

Fertility preservation prior to start of therapy

Fertility preservation is a recognized priority for adolescents,
but the uniformity of access to preservation options and dis-
cussions varies by paediatric centre and gender (Levine et al,
2010; Moravek et al, 2019). While doses of alkylating agent
therapy have been reduced, there is no paediatric HL-specific
knowledge on the uptake of sperm banking, testicular preser-
vation or of counselling and discussion around oocyte cryop-
reservation or fertility restoration approaches after HL.
Tracking of fertility preservation and long-term reproductive
outcomes within contemporary clinical trials with novel ther-
apies are needed.

Fatigue, HRQoL — risk or harbinger of poor outcomes

Despite its debilitating impact on health, there is a paucity of
data on cancer-related fatigue, or longitudinal HRQoL
among adult or paediatric HL patients during or following
treatment (Linendoll et al, 2016). A longitudinal prospective
evaluation of HRQoL in adults with HL enrolled on thera-
peutic trials noted severe levels of fatigue was common prior
to the start of chemotherapy, and differed significantly by
disease stage, whereas persistent fatigue in survivors did not
correlate with level of therapy intensity (Kreissl et al, 2016).
While severe fatigue at baseline was associated with a risk of
poorer PFS, this effect was abrogated in the patients random-
ized to escalated therapy for any given group (Behringer
et al, 2016).

An ongoing COG randomized Phase III trial in newly diag-
nosed high risk HL (NCT02166463) is measuring HRQoL from
baseline to 3 years off-therapy as a secondary outcome while
evaluating the efficacy of the novel therapy, Bv. Importantly,
HRQoL is being evaluated simultaneously with patient and clin-
ician reports of targeted toxicities, including neuropathy (Hen-
derson et al, 2016; Parsons et al, 2018a).

Neurocognitive impairment in >2 cognitive domains was
noted in 30% of HL survivors at a median age of 28 years
and 24-7 months from completion of therapy. There was no
association with fatigue, and executive function was most
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commonly affected. (Trachtenberg et al, 2018). A similar
finding was noted in an adult cohort of survivors of child-
hood HL, where magnetic resonance imaging additionally
indicated multifocal leucoencephalopathy associated with
impaired cardiac diastolic function and impaired pulmonary
function at a mean of 27 years from therapy given in an
early era (Krull et al, 2012). There is no data on neurocogni-
tive function in paediatric HL survivors of contemporary
therapy.

Financial hardship and societal costs of HL

Despite the high OS rates, the impact of premature loss of
lives from relapsed or refractory HL and the treatment-re-
lated morbidity of initial therapy from historical regimens
has indicated a high societal burden of HL. In a European
analysis of the cost-per-death from malignancies, HL had the
second highest lost productivity cost due to premature can-
cer-related mortality (Hanly et al, 2015). Adult survivors of
paediatric cancers have high productivity loss related to work
limitations, and compromised work attendance and perfor-
mance, all of which can lead to financial instability. In addi-
tion, high out of pocket costs are associated with deferred
care, treatment, and follow-up (Parsons et al, 2018b; Parsons
& Kumar, 2019). Prospective studies are necessary to deter-
mine how a diagnosis of paediatric HL affects education,
employment and resources that influence survivors’ access to
life-long health care services.

Secondary prevention of late effects to
enhance survivorship

Risk-based screening for late effects

Secondary prevention (Table I) spans screening for, and
intervention against, medical and psychosocial morbidities,
which can appear or continue for decades after initial
therapy. HL survivors were characterized as one of the
childhood cancer groups with a large burden of cure
(Oeffinger et al, 2006). International groups have created
guidelines for risk- and exposure-based screening and care
(Landier et al, 2004), with recent efforts (Kremer et al,
2013) to harmonize recommendations germane to HL sur-
vivors, including: breast cancer, cardiomyopathy, premature
ovarian failure, male gonadotoxicity and thyroid cancer
(http://www.ighg.org/guidelines/topics/) (Mulder et al, 2013;
Armenian et al, 2015; Brown et al, 2015; Skinner et al,
2017; Clement et al, 2018). National Comprehensive Can-
cer Network (NCCN) HL-specific follow-up guidelines
apply to those treated when aged =>18 years (NCCN,
2019), but are less granular in terms of frequency and
additional risk factors for specific end organ toxicity than
are the COG guidelines (Landier et al, 2004).

Gaps in post-treatment care are known for HL survivors
(Hahn et al, 2019). A Dutch initiative facilitates reimbursed
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targeted survivorship care for HL survivors based on national
guidelines (www.beternahodgkin.nl) which include online
calculators to generate risk-, gender- and age-based care. Ini-
tial data indicate 43% of patients invited did not attend the
clinic; emotional burden and personal financial circum-
stances were some of the identified barriers to participation
(Nijdam et al, 2019). Interventions to enhance awareness and
acquisition of screening and care for late effects after paedi-
atric HL include education and personalized counselling in
survivors at risk (Oeffinger et al, 2011; Hudson et al, 2014),
introduction of electronic personal health records to facilitate
the transition from paediatric to adult care (Williamson
et al, 2017), and engagement and education of primary care
providers with regard to screening and follow-up needs of
this young and transient population.

Interventions to mitigate late effects

Interventions toward secondary prevention of CV late effects
in HL have been hampered by lack of biomarkers of late
events. An ongoing medication trial will assess the impact of
a two-year course of low-dose carvedilol on surrogate
echocardiographic indices of heart failure risk, natriuretic
peptides, troponins and galectin-3 (NCT02717507) (Arme-
nian et al, 2016). While self-reported exercise habits within
the CCSS indicate a strong inverse association between high
levels of exercise and mortality (Jones et al, 2014), applica-
tion of exercise interventions efficacious in the general popu-
lation with CV disease and in other cancer survivor groups
to HL survivors has lagged. An ongoing feasibility trial
(NCT03923504) to compare the effects of a tailored multi-
level physical activity intervention to a healthy living inter-
vention on exercise capacity, CV and cognitive function,
HRQoL, strength, and fatigue among lymphoma patients
undergoing active treatment with anthracycline-based
chemotherapy has potential to extend exercise science to HL
survivors.

Future directions for primary and secondary
preventions to close the survivorship gap

Decision models

Despite overall excellent outcomes, there is no consensus on
treatment with regards to conventional chemotherapy, the
role of radiotherapy and the incorporation of novel agents
across age groups, or for individual patients. Adult HL
patients indicate that primary cure is of utmost importance
(Kreissl et al, 2019). Helping clinicians and patients assess
individualized treatment options and subsequent screening
remains a challenge in the absence of data on the long-term
effects of current treatment strategies. A cumulative burden
metric is one approach to assimilate multiple morbidities
and competing risks estimated from historic observational
cohorts of HL patients (Bhakta et al, 2016). The availability
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and following curative therapy. HRQoL, health-related quality of life; HSCT, haematopoietic stem cell transplantation; PET, positron emission

tomography; RT, radiation therapy.

of biomarkers, new targeted drugs, pharmacogenomics, and
the application of imaging-guided interim response will cre-
ate opportunities for personalized approaches (Fig 2).

Decision models are useful when treatment options
involve trade-offs, and when risks and benefits vary substan-
tially by patient characteristics, as is the case in patients with
HL (Parsons et al, 2019). Simulation modelling can systemat-
ically and explicitly incorporate assumptions and information
from multiple data sources to explore how alternative treat-
ments affect outcomes of interest. These range from acute to
late toxicity, risk of relapse and risk of late effects. A dynamic
decision model for patients with early stage HL provides a
proof of principle that incorporating contemporary trial-
based probabilities of transition through health states (from
diagnosis through treatment and survivorship) and applying
utility weights estimating HRQoL can be useful (Parsons
et al, 2018c). Harmonization of individual level data from
contemporary trials across many cooperative groups is ongo-
ing to further refine and test this model across age and risk
groups. The ultimate goal is development and implementa-
tion of a tool useful for shared decision-making between
patients, caregivers and providers as diagnostic and therapeu-
tic options evolve for HL.

Conclusions

Currently, approaches with curative intent in paediatric HL
incorporate response-adapted chemotherapy alone or in
combination with RT to control chemo-insensitive disease
and minimise bystander organ toxicity. Among patients that
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relapse, several different chemo-immunotherapy regimens are
being evaluated to maximize complete response prior to con-
solidation therapy with HSCT, as well as to identify sub-
groups who can benefit from salvage therapy without HSCT.
Barriers to further study of primary and secondary preven-
tion approaches and their eventual application to clinical
practice include: the relatively low prevalence of HL, the
overall favourable prognosis with conventional therapy, lack
of strong preclinical testing models and the absence of vali-
dated biomarkers.

However, targeted novel agents are encouraging in the de
novo and relapsed setting and have the promise of further
reducing therapy burden. These, together with secondary
prevention approaches, will continue to close the gap in sur-
vivorship in paediatric HL. Collaborations with both interna-
tional paediatric and adult HL research groups, especially for
the AYA population, will assist in moving the field forward.
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