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Abstract

Arising from the immune system and located primarily in lymphoid organs,
Hodgkin lymphoma (HL) is one of the most common cancers in young adults.
Risk-adapted first-line treatment usually consisting of multi-agent
chemotherapy and often incorporating consolidative radiation therapy aims at
long-term cure. Although this is achieved in the vast majority of patients,
therapy-related side effects such as organ damage, second cancers, and
fatigue constitute considerable sequelae and outweigh HL as the cause of
mortality after successful first-line treatment. In addition, intensive conventional
therapy is seldom feasible in elderly or frail patients, diminishing chances of
cure in this growing population of patients. The rapidly growing understanding
of HL biology, innovative clinical trials, and the incorporation of novel drugs
might help to overcome these obstacles in the management of HL. In this
review, recent advances in the understanding and care of HL will be
summarized with a focus on ongoing and future strategies which might help
move things forward.
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Introduction

Classic Hodgkin lymphoma (HL) is a rather rare cancer of the
lymphoid system and clinically presents with swollen lymph
nodes or symptoms due to organ involvement of advanced-
stage disease. It is one of the most common malignancies in
young adults but occurs at all ages. Over the recent decades, a
growing incidence in older people between 70 and 80 years of
age in addition to the stable peak between 20 and 30 years of
age was observed'. In Western countries, HL occurs at an inci-
dence of 2.5 new cases per 100,000 people per year, resulting
in an expected 18,525 cases in Europe annually. Owing to high
cure rates with risk-adapted first-line therapy, prevalence is high
and an estimated 208,805 people were living with HL in the
US in 2015°.

Depending on disease extent and presence of constitutional
symptoms such as fevers, night sweats, or weight loss, HL is
classified as early-stage favorable, early-stage unfavora-
ble, and advanced-stage disease for the purpose of treatment
allocation’. Cure rates with multi-agent chemotherapy and often
consolidative radiation therapy (RT) are high with long-term
remission rates of 80% to 90%, depending on risk group, age,
and treatment™’. In patients with primary progressive or refrac-
tory (1 to 3% of cases, depending on treatment regimen) as well as
relapsed disease, high-dose chemotherapy (HDCT) followed
by autologous stem cell transplantation is administered if
feasible and can result in long-term remission in up to 50% of
cases’. More recently, several targeted agents were investigated
in this setting and the antibody-drug conjugate brentuximab
vedotin (BV) and the checkpoint inhibitors nivolumab
and pembrolizumab were approved for relapsed/refractory
HL (rrHL)*"'.

Despite reductions of intensity of both chemotherapy and
RT in recent years, therapy-related short- and long-term
morbidity constitutes considerable sequelae and these side
effects surmount HL mortality over the years'’. Besides organ
damage such as pulmonary or cardiovascular disease as well
as infertility, second cancers and long-term fatigue are of
particular clinical relevance to patients and caregivers'*>. To
minimize these complications, a major goal of current research
is to further refine first-line treatment to develop equally effec-
tive but less intensive strategies. Ideally, those therapeutic
approaches would also be feasible for the growing population
of older or frail patients for whom prognosis is less favorable'®!".

The present review summarizes recent advances in understand-
ing and the current approach to managing HL. We also address
remaining challenges and outline ongoing as well as future
efforts to move things forward in HL over the next years.

Hodgkin lymphoma biology

Characterized by a paucity of the malignant Hodgkin and
Reed-Sternberg (HRS) cells in an abundant (micro)environment
of immune cells, HL is very distinct from most other cancers
and lymphomas'®. The B-cell precursor heritage of HRS cells
was long acknowledged, whereas a critical influence of immune
checkpoint inhibition via the programmed death 1 (PD1) and
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PDI-ligand (PD-L1) was only recently reported””. Owing to
amplification or copy gain of 9p24.1*" or mediated by Epstein—
Barr virus (EBV) infection’’, HRS cells frequently express
PD-L1 and thereby evade a sustained anti-tumor response of the
patients’ immune system. In addition, HRS cells frequently
lack major histocompatibility class I (MHC 1) expression
because of mutations of beta-2-microglobulin (32M)*. The HL
microenvironment is characterized predominantly by T and
natural killer cells as well as macrophages, and PD-1 expression
occurs in the former”. The latter are often PD-L1* and associ-
ated with inferior outcomes with conventional therapies® . A
very recent characterization of tumor-associated T cells via a
customized time-of-flight mass cytometry (CyTOF) revealed
the presence of PD-1* CD4* effector and PD-1- CD4* regulatory
T cells as potential complementary mechanisms of local
immunosuppression®. This rapidly growing understanding of
the tumor composition is complemented by the possibility to
identify and track cell-free tumor DNA in the blood”’. Although
this technique potentially allows non-invasive monitoring of
disease activity, it also constitutes the possibility to evaluate
the genetic background of HL, which earlier was compromised
by the low tumor cell content in biopsies. In summary, recent
studies were able to shed light on the distinct biology underly-
ing HL which will help to further develop targeted therapies and
synergistic therapeutic concepts.

Recent developments in first-line treatment
Early-stage disease

Patients with limited stage I-II disease (that is, involvement
of lymph nodes on only one side of the diaphragm and without
extra-lymphatic disease) are grouped into early-stage favora-
ble and unfavorable HL for the purpose of first-line therapy.
Whereas those with clinical risk factors (RFs) such as involve-
ment of at least three lymphatic areas, an elevated erythrocyte
sedimentation rate, extra-nodal (EN) involvement, or a large
mediastinal mass (LMM) are considered unfavorable risk, the
remaining patients are usually considered a favorable risk
group. In contrast to disseminated extra-lymphatic disease, which
defines stage IV disease, EN involvement is defined as local
limited contiguous tumor spread from a lymphatic HL mani-
festation. Despite nuances in the RFs used to determine early-
stage unfavorable disease, the three major currently applied
classifications retain their prognostic impact with conventional
treatment”*.

Already two decades ago, combined modality treatment consist-
ing of two to four cycles of, in most cases, doxorubicin, bleomy-
cin, vinblastine, dacarbazine (ABVD) chemotherapy followed
by consolidative RT was established for both early-stage risk
groups”. Consecutively, the initially large RT fields could be
markedly reduced from subtotal nodal irradiation (STNI) to
involved-field (IF-RT) and lately involved-site or -node (IS-/
IN-RT) without any loss in efficacy’'*”. Omission of consolida-
tive RT irrespective of response to chemotherapy results in an
impaired disease control, and a recent registry-based analysis
reported inferior overall survival (OS)****. Therefore, several
randomized trials evaluate the omission of consolidative RT in
patients who attain a complete metabolic response—'"*F-FDG posi-
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tron emission tomography (PET) negativity—with systemic ther-
apy.

In the UK RAPID trial, PET-negative patients after 3xABVD
who did not receive consolidative 30 Gy IF-RT due to
randomization into the experimental arm had inferior three-year
progression-free survival (PFS) with a three-year OS similar
to that of those in the standard arm (per-protocol analysis:
97.1% versus 90.8%)*. A similar observation was made in the
EORTC HI10F/U trial. In the experimental arms, patients with
early-stage favorable or unfavorable disease received two or
four additional cycles of ABVD if PET-negative after 2xABVD
instead of one or two additional cycles of ABVD and consoli-
dative 30 Gy IN-RT, respectively. Inferior five-year PFSs of
99.0% versus 87.1% and 92.1% versus 89.6% for patients with
favorable and unfavorable early-stage disease (respectively)
were reported, whereas until now no differences in OS were
reported™.

The two large randomized phase III trials—HD16 (early-stage
favorable) and HDI17 (early-stage unfavorable)—evaluating
non-inferiority of PET-adapted omission of consolidative RT
recently completed recruitment. Of note, PET status is evaluated
after completion of systemic therapy with either 2xABVD or
2xABVD + 2xBEACOPP__ =~ in both trials and no further
therapy administered in PET-negative patients in contrast to
the RAPID or HI10 trials. Results are eagerly awaited to inform
treating physicians and patients since, to date, omission of RT
cannot generally be recommended if optimal disease control is
the main goal of therapy. Since differences in three- and five-year
PFS are rather small, especially in patients with early-stage unfa-
vorable disease, omission of RT may be considered in individual
cases after risks and benefits are weighed. This could apply, for
example, to a young female patient with axillary lymph nodes
prompting relevant RT volume and dose to healthy breast tissue
or to a young man with a family history of cardiac disease
requiring relevant RT exposure to his coronary arteries because of
lower mediastinal HL involvement.

For patients with early-stage favorable HL, a recent long-term
analysis confirmed the previously reported favorable outcome
with only 2xABVD + 20 Gy consolidative RT’. In patients
with early-stage unfavorable HL, outcome with ABVD-based
systemic therapy is less favorable with 10-year PFS of only
84% with 4xABVD + 30 Gy IF-RT, underlining the need
for effective therapies in this patient population. Lately,
the randomized HDI14 trial established a combination of
2xBEACOPP,_ =~ + 2xABVD (“2+27) as a highly effective
approach with five-year PFS of 95.4% in comparison with
the standard of 4xABVD (five-year PFS of 89.1%)°. More
recently, the abovementioned H10U trial showed promising
five-year PFS of 90.6% with an intensification of therapy by
2xBEACOPP for the unfavorable subgroup of interim

escalated

PET-positive patients after initial 2xABVD*°.

Advanced-stage disease
Patients with involvement of lymph nodes on both sides of the
diaphragm, disseminated organ, or bone marrow involvement are
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considered to have advanced-stage disease by all classification
systems. Some groups additionally consider patients with
stage I-II disease and a combination of constitutional B symp-
toms and the RFs of LMM or EN disease (or both) as having
advanced-stage disease. Initial treatment in this risk group is
guided by an interim PET after two cycles of systemic therapy
(PET-2) and consists of up to eight cycles of multi-agent
chemotherapy and localized RT to PET-positive residues
thereafter.

Choice of systemic therapy is a matter of long-lasting and
ongoing debate: ABVD is associated with considerably lower
acute and long-term toxicity and, in contrast to BEACOPP__ .
potentially suitable for patients older than 60 years of age. Long-
term toxicities more frequently occurring after BEACOPP-
based therapy are sterility and occurrence of second cancers.
However, the risks to develop refractory disease or relapse of
HL are significantly higher with ABVD, and a recent network
meta-analysis confirmed an OS benefit for patients treated
with the more intensive regimen’. To develop individualized
approaches, the three recently reported large randomized phase
III RATHL, HDI8 and AHL2011 trials investigated initial
therapy with ABVD or BEACOPP, -~ cuided by interim
PET.

In the experimental arm of the British RATHL, PET-2—
negative patients received +4XxAVD to avoid bleomycin-
associated pulmonary toxicity, and in PET-2—positive patients,
therapy was intensified by 4xBEACOPP*. Whereas the de-
escalation to AVD proved to be non-inferior in terms of three-
year PFS, intensification resulted in three-year PFS of 67.5%.
Importantly, escalation was not subject to randomization and
only historical comparisons suggest that intensification with
BEACOPP__ .~ might be superior to continuation with
ABVD in PET-2—positive patients. In the GHSG HDIS, a
de-escalation strategy with patients PET-2-negative after
2xBEACOPP__ .~ randomly assigned to receive either +4x
or +6-8xBEACOPP__ =~ was investigated. The experimental
strategy was not inferior with five-year PFS of 92.2% versus
90.8% and five-year OS of 97.7% versus 95.4% for the standard
approach®. The French AHL2011 trial recently reported a
non-inferior four-year PFS of 87.1% with randomized de-
escalation to 4xABVD in patients who achieved a PET-2—
negative status after 2xBEACOPP__ — versus 87.4% with full
6xBEACOPP, .

Conclusions from across trial comparisons are limited by
differences in risk-group definitions, patient populations, and the
varying clinical setting and hence are impossible. Neverthe-
less, it may be concluded from the recent data that PET-2 is an
important reliable tool to guide therapy in advanced-stage HL,
and one might get the impression that an initial therapy with
BEACOPP results in long-term outcomes superior to those

escalated

of ABVD-based strategies.
Drugs beyond conventional chemotherapy

Over many decades, no new drugs were approved for the
treatment of HL. That changed in 2011, when the anti-CD30
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antibody drug conjugate BV was approved for the treatment of
rrfHL on the basis of a pivotal phase II trial showing an
overall response rate (ORR) of 75% and complete response
rate (CRR) of 34%'". Recent follow-up analyses revealed
sustained remissions in patients achieving a CR with five-year
PES of 52%. Interestingly, 9% of all patients maintained a CR
even without consolidative stem cell transplantation (SCT)".

To improve efficacy of ABVD in patients with advanced-stage
HL, a combination of BV and AVD was investigated in the
company-sponsored randomized phase III ECHELON-1 trial:
With a superior two-year modified PFS of 82.1% versus 77.1%, 6x
BV-AVD was considered superior to 6xABVD, but more mature
follow-up or conventional PFS data have not yet been reported
and concerns have been expressed over the risk-to-benefit ratio
of BV-AVD given the higher toxicity of the novel regimen*'".
In patients with early-stage HL, consolidative therapy with
BV instead of RT after systemic therapy with ABVD was
investigated in a phase II trial and associated with one-year
PFS and OS rates of 91% and 95%, respectively, in an early
analysis™. A sequential approach with BV prior to and after
AVD in elderly patients with treatment-naive HL was tolerable
and resulted in two-year PFS and OS rates of 84% and 93%,
respectively*.

More recently, the two checkpoint inhibitors nivolumab and
pembrolizumab targeting PD1 on exhausted T and other immune
cells were approved for rrHL. Nivolumab and pembrolizumab
showed ORRs of 69% and 65%, respectively, and a CRR of
16% with long-lasting responses in patients achieving a partial
remission (PR) in the pivotal phase II trials”''. Correlative
studies revealed the prognostic relevance of PD-L1 and MHC
IT expression by HRS cells, shedding light on the mecha-
nisms involved in responses in a heavily pretreated patient
population®. While increased PD-L1 expression was associ-
ated with improved PFS, patients with less PD-L1 expression
benefited from nivolumab and hence checkpoint inhibition is
administered irrespective of the expression profile. Early data
of an ongoing trial investigating the combination of nivolumab
with BV in rrfHL show an ORR of 85% and CRR of 65% while,
despite manageable infusion-related reactions, tolerability was
good®. In addition, the first results without relevant follow-up
were recently reported for the combination of nivolumab and
AVD in advanced-stage HL: Of 51 patients, 90% were able to
complete the planned treatment with 4x nivolumab followed by
6x Nivo-AVD, and the ORR was 84% with a CRR of 67% by
independent review committee”’.

In light of the changing therapeutic landscape, other agents such
as bendamustine or lenalidomide experience a revival and—since
they proved to be considerably active in rrHL— are increas-
ingly used in clinical practice”*’. In addition, drugs originally
approved for other hematological cancers, such as the histone
deacetylase inhibitors panobinstat or mocetinostat or the
inhibitor of PI3KJ idelalisib, have been investigated in rrHL
with relevant efficacy and manageable toxicity’’~”. A welcomed
side effect of the growing armory of effective drugs is the
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possibility to conduct both autologous and allogeneic SCT
increasingly in patients with at least PR, which is associated
with a more favorable prognosis’. Initial reports raised con-
cerns due to toxicity and mortality associated with high-grade
graft-versus-host disease associated with allogeneic stem cell
transplantation (alloSCT) after reinduction therapy with an
anti-PD1%. More recent data indicate that alloSCT is feasible
and associated with high CRR and prolonged remissions. The
previously postulated prognostic impact of time between last
dose of the anti-PD1 antibody could not be confirmed, and data
from larger series are still unavailable™.

Chimeric antigen receptor (CAR) T cells were recently approved
for the treatment of other hematologic cancers such as acute
lymphoblastic leukemia or B-cell non-HL. Two early-phase
trials very recently reported manageable toxicities after infusion
of autologous anti-CD30 CAR T cells in patients with rrHL.
Investigators from Houston reported two patients with sustained
CR (CRR of 29%) and stabilization of disease (SD) in another
two of the seven patients treated”. In a Chinese trial, PR was
observed in seven and SD in six among 18 patients treated
without any CRs documented yet™. Aimed at the EBV antigen
latent membrane proteins, another CAR construct from Houston
was tolerable and effective as adjuvant or re-induction therapy
in patients with EBV-associated lymphoma’’. Another construct
is targeting CD19 in the HL tumor microenvironment and on
circulating CD19-positive HRS precursor cells and among four
patients treated, one CR and one PR with consecutive progres-
sive disease were observed™. Promising preclinical activity was
additionally reported for CARs targeting CD123 to affect both
the HRS cells and microenvironment™.

Selected ongoing first-line trials

While numerous phase II trials investigate various combinations
of novel agents with conventional chemotherapy or each other
in rrHL, the trial landscape is scarcer in the first-line setting.
Investigating innovative therapies for these patients is challeng-
ing since current approaches bear mostly excellent long-term
outcome. Decreasing intensity within the controlled setting of
prospective trials previously resulted in significantly inferior
disease control. However, an impaired OS was not reported and
this was likely due to effective salvage therapies and no increase
in late reoccurrences of HL observed so far'"%.

To improve results in patients with early-stage unfavorable HL
without exposing them to the toxicity of “2+2”, two ongoing
investigator-initiated phase II trials investigate innovative strate-
gies. In the randomized GHSG NIVAHL trial, patients receive
the combination of nivolumab and AVD as either 4xNivo-
AVD or 4x nivolumab + 2xNivo-AVD + 2xAVD, each followed
by consolidative 30 Gy IS-RT (ClinicalTrials.gov Identifier:
NCT03004833). A combination of AVD with BV is inves-
tigated in a US-based trial with a focus on consolidative RT
(ClinicalTrials.gov  Identifier: NCTO01868451). Assigned to
one of four different cohorts, patients will receive 30 Gy IS-RT,
20 Gy IS-RT, 30.6 Gy consolidation volume RT, or no RT if
PET negativity is achieved after 4xBV-AVD.
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In advanced-stage disease, the multinational randomized phase
Il trial HD21 is comparing a modified BEACOPP-regimen
incorporating BV, dacarbazine, and dexamethasone instead
of bleomycin, vincristine, procarbazine, and prednisolone
(BRECADD)"" versus BEACOPP_ . The trial is aiming
to show non-inferiority in terms of efficacy and superiority
in terms of treatment-related morbidity (ClinicalTrials.gov
Identifier: NCT02661503), thereby better balancing risk and
benefits of an intensified first-line treatment. As the CHOP
(cyclophosphamide, doxorubicin, prednisone, and vincristine)
regimen is well tolerated in elderly patients with non-HL®, the
combination of BV with a CHOP-like regimen is being inves-
tigated in the phase-Il B-CAP trial for elderly patients with
advanced-stage HL (ClinicalTrials.gov Identifier: NCT02191930).

Future perspectives

First-line treatment of HL with multi-agent chemotherapy
and often consolidative RT is well established and results in
cure in the majority of patients eligible for intensive therapies.
Nevertheless, prognosis is less favorable in frail or older
patients, and long-term side effects such as second cancers,
organ damage, or fatigue as well as rrHL constitute considerable
sequelae. The approval of modern drugs such as BV, nivolumab,
and pembrolizumab for rrHL allow ongoing and future research
to develop at least equally effective but less toxic therapies.
Increasing understanding of PET imaging also as a potential
prognostic marker by assessment of the metabolic tumor volume
allows increased patient stratification and individualization
of the therapeutic sequence. A growing understanding of the
underlying biology, as well as the possibility to evaluate genetic
alterations and monitor activity of disease by cell-free tumor
DNA, additionally helps in doing so. From this point forward, it
is crucial to keep in mind the currently achieved outcomes with
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conventional approaches. Carefully refining HL therapy meeting
the needs and primary goals of affected patients is challenging,
and ideally changes in clinical routine should be informed
by evidence from randomized phase III trials.
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