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Abstract : The overall approach to the management of Hodgkin lymphoma has
undergone a rapid revolution. The Ann Arbor staging, proposed more than half a
century ago, is still valid to guide treatment intensity, but all the invasive methods
originally proposed have been replaced by a single high-performing tool of func-
tional imaging: the Positron Emission Tomography coupled with Computed-
Tomography (PET/CT). Apart from improving the overall accuracy of the Ann
Arbor staging, new PET-derived metrics to measure the tumor burden such as
metabolic tumor volume, total lesion glycolysis and tumor spread such as the
Tumor Distance (Dmax), are ready to take over the classical four-level lymphoma
staging. PET/CT has also downsized the role of radiation in the classic “combined
modality treatment” for HL. PET/CT performed early during treatment (interim
PET) for advanced-stage HL remains the standard of care in Europe to escalate
treatment in patients starting with ABVD or to de-escalate treatment for patients
starting with BEACOPP escalated. Finally, the therapeutic offer for patients failing
first-line chemotherapy has been completely renewed by the advent of new non-
chemotherapy agents such as Brentuximab Vedotin and Immune Checkpoint
Inhibitors (CPI) which are now the standard of care along with autologous stem
cell transplant (ASCT).

Keywords: CD47 checkpoint; circulating tumor DNA; immune checkpoint
inhibitors; management of Hodgkin lymphoma; PET/CT

INTRODUCTION

The management of Hodgkin Lymphoma (HL) has undergone a paradigm shift in
recent years. This chapter provides an overview of the recent progress in the clini-
cal management of HL. The authors first focus on the progress achieved by the
introduction of the Positron Emission Tomography coupled with Computed-
Tomography (PET/CT) in the pretherapeutic workup for staging and prognostica-
tion. This is followed by a section on the role of cell-free DNA detected in the
plasma of patients to assess treatment response and predict the impending disease
relapse. The third and the fourth sections summarize recently published results of
clinical trials in early and advanced stage HL. The fifth section reports the results
of rescue treatment with standard chemotherapy followed by autologous stem cell
with or without new drugs, and the sixth section is dedicated to immune check-
point inhibitors.

PET/CT: A STANDARD TOOL FOR PERSONALIZED HL
TREATMENT

In a disease with cure rate exceeding 85% as in HL, where a significant proportion
of the patients are below the age of 40 years at diagnosis, choosing the therapy
with the optimal balance between efficacy and toxicity is critical for long-term
outcomes. More specifically, it is key to deliver a therapy that leads to cure in the
majority of patients, while at the same time being cognizant of the fact that the
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younger HL survivors with residual life expectancy almost identical to the age-
and sex matched background population will endure a long life with the possible
consequences of chemo- and radiotherapy, such as secondary cancers and cardio-
vascular disease (1).

Currently, there is enthusiasm for personalized therapies in hematology and in
oncology which are believed to bring therapies with improved benefit/risk bal-
ance to patients through tailoring treatments to patient and disease genotype as
well as phenotype (2). Within lymphomas, HL is at the forefront of personalized
therapy through a long-standing tradition for making treatment decisions based
on disease characteristics. The Ann Arbor staging classification, which was origi-
nally intended for guidance on staging procedures considered necessary for opti-
mal identification of the patients curable by radiotherapy and those with
disseminated disease who had little chance of cure at that time, remains a key
component of management of HL patients and is the main determinant in treat-
ment decision (3). However, in the last 2 decades, the prognosis of HL improved
tremendously, and a wide range of second line therapy options have led to further
improvements (4-6), and staging procedures have been revolutionized by the
advances in technology. Today, 18F-flourodeoxyglucose positron/computed
tomography (PET/CT) has replaced stand-alone computed tomography (CT) as
the preferred imaging modality for staging, as well as early and end-of-therapy
response assessments, a practice supported by consensus guidelines for imaging
in lymphoma (7, 8).

For staging, PET/CT has several advantages over stand-alone CT or PET, as it
integrates detailed mapping of glucose metabolism throughout the body with
detailed anatomy provided by the CT component. Since active HL lesions
unequivocally have increased glucose metabolism, all HL patients with active dis-
ease at baseline will display PET-positive lesions (as exception being patients with
surgical removal of a single tumor). As in other lymphoma subsets, it has been
confirmed that 100% of HL patients have PET/CT lesions at staging (9).
Importantly, PET/CT can identify lesions in areas without clear morphological
changes, such as extra nodal involvement or in lymph nodes that are not mark-
edly enlarged. It is estimated that the use of PET/CT over CT results in upstaging
in 14-28% and downstaging in around 5%, with resulting change in treatment in
a substantial proportion of the patients (10-12). The tendency to upstage more
patients than downstage has led to stage migration towards higher disease stages
in population-based studies (13).

No randomized studies have been performed comparing the outcomes of
patients where treatment selections occurred with or without the information pro-
vided by PET/CT. In the pre-PET/CT era, bone marrow involvement rate in HL
was considered relatively rare compared to rates reported in non-Hodgkin lym-
phoma. The widespread use of PET/CT has changed this perception and bone
marrow involvement represented by focal FDG-avid lesions on PET/CT is observed
in around 20% of the patients, a four-fold increase compared to the 5% typically
reported when assessing only with bone marrow biopsies (Figure 1). Very few
patients will have bone marrow involvement in the setting of a positive bone mar-
row biopsy and negative PET/CT, and clinically relevant upstaging, as a result of
bone marrow involvement by biopsy alone, is exceedingly rare (14, 15). Therefore,
the need for invasive staging in HL has been completely abandoned and PET/CT
is the only disease staging procedure necessary prior to therapy. The fact that focal
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Figure 1. An HL patient with focal lesions in the bone marrow that are not visible of CT. This is
one of the most frequent reasons for PET-ascertained upstaging to stage IV disease.

FDG-avid bone marrow lesions are reported to be associated with worse out-
comes suggest that the additional findings by PET/CT add relevant prognostic
information (16, 17). With a first peak in HL incidence around the age of 15-34
years, the large proportion of young patients that are exposed to ionizing radiation
is a greater concern than in most other malignancies that occur in older age groups
(18). Using a contrast enhanced CT leads to 3 times higher radiation exposure as
using a low-dose CT, but using contrast enhanced CT component in PET/CTs
rarely changes disease stage or management strategy in lymphoma (19-21).
Therefore, a contrast-enhanced CT component can be reserved to patients where
the added diagnostic value is needed for other medical reasons (7). Another
important aspect of contrast-enhanced CT component, in particular in the treat-
ment response assessment setting, is that contrast fluids lead to stronger SUV
increase in the liver and mediastinal blood pool as compared to lymphoma tissue
(22). As the visual liver to lesion FDG uptake ratio is now the standard way of
assessing metabolic response in tumors, this change may have important clinical
consequences.

The greatest advantage of PET/CT in lymphoma is that it can accurately sepa-
rate residual, viable lymphoma from scar tissue, which is often present after ther-
apy (23). The ability to early identify tumor response before tumor shrinkage
makes PET/CT as useful tool for early treatment evaluation. Early metabolic
response by PET/CT after few cycles of chemotherapy was shown to be highly
prognostic for progression-free survival (PFS), with PET-positive patients after
two cycles of ABVD having 2-year PFS of 0% versus 96% for those who were PET-
negative at the same time point (Figures 2 and 3) (24). This was subsequently
confirmed in a larger international series (25). These observations spurred interest
in using PET/CT to guide treatment based on early response in both escalation
and de-escalation trials (4, 26, 27). These clinical trials have paved the way for
more personalized treatment strategies in HL and are described in detail in the
sections about management of early- and late-stage HL.

A common language for assessing metabolic response by PET/CT is necessary to
ensure that the treatment decisions are reproducible. The international harmoniza-
tion criteria from 2007 proposed a dichotomous scoring system where mediastinal
blood pool activity was recommended as the reference background activity to define
PET positivity for a residual mass greater or equal to 2 ¢cm in greatest transverse
diameter, whereas background update was to be used for assessment of smaller
lesions (28). However, dichotomous scores in lymphoma proved suboptimal.
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Figure 2. A young woman with a history of progressive swellings, dyspnea, and fever. Biopsy
revealed Hodgkin lymphoma. Abnormal FDG-uptake at baseline PET/CT (a,b,c) was confined
to enlarged clavicular and mediastinal lymph nodes, i.e., disease stage 2. Interim PET/CT
(d,e,f) after two cycles of ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) was
coherent with complete metabolic response (Deauville Score 2) although lymph nodes
remained enlarged on CT scan.

Figure 3. A young woman with Hodgkin lymphoma, stage Il. Baseline FDG PET/CT (a). Interim
PET/CT (b) performed after two cycles of ABVD (doxorubicin, bleomycin, vinblastine, and
dacarbazine,) revealed partial metabolic response with residual FDG-uptake above liver
uptake (lymphoma SUVmax=8.6, liver SUVmax=2), classified as DS 4.
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Response-adapted treatment strategies based on interim PET/CT should enable
tailoring the risk of false positive/false negative assessments to the question being
asked in the trial, which can be done using more granular response reporting
(29). The Deauville 5-point score (DS) is now the standard for reporting PET/CT
response assessment in lymphoma (Figure 2 and 3) (7). DS was conceived to
graduate the intensity of '®F-Fluoro-deoxy-glucose (FDG) uptake in previously
identified lymphoma lesions relative to the liver uptake. DS 1 and 2 represent a
FDG uptake lower than that of liver, uptake DS 3 represents an intensity of uptake
up to that of liver, and DS 4 and 5 represent different degrees of FDG uptake
above liver level and new lesions (score 5) (7). For interim and end-of-therapy
response assessment in HL, a scores between 1 and 3 are conventionally consid-
ered as complete metabolic response (Figure 2) whereas DS 4 or 5 represent active
HL (Figure 3) (7). Several studies have shown that the Deauville score is high
prognostic in HL using DS 1-3 to define a complete metabolic response (CMR)
and DS 4-5 as non-response. In two recently finalized trials of PET-guided de-
escalation strategies (HD16 and D18) conducted by the German Hodgkin Study
Group, the trials were designed to use DS 1-2 (above the mediastinum) as nega-
tive (or equivalent), but further analyses of these trials showed that residual
uptake above liver level (DS 4-5) was better in predicting outcomes (30-32). In
the HD16, 5-year PFS was 93.2% among PET-2-negative patients and 88.4% in
PET-2-positive patients (P = .047) when using DS3+ as definition of a positive
PET/CT, but when using liver cutoff (DS 4+) for PET-2 positivity, 5-year PFS was
93.1% for PET negative patients vs 80.9% for PET positive patients (P = .0011)
(30). In post-hoc analyses of HD18, DS4 was the only risk factor for inferior over-
all survival in a cohort of patients with DS 1-4 after two cycles of BEACOPP
escalated after adjustments for other risk factors (32). The timing of interim PET/
CT in HL is conventionally after two courses of chemotherapy, but a negative PET/
CT after 1 cycle also has a very high negative predictive value (2-year PFS 98%)
and is currently used in clinical trials of very early PET/CT adapted treatment
strategies (NCT03517137) (33).

When using interim PET/CT for guiding treatment decisions, high inter-
observer agreement is critical to ensure consistent treatment decisions. The inter-
agreement of dichotomized reading (DS 1-3 vs DS 4-5) was tested in the
HOVONS84 trial of diffuse large B-cell lymphoma (34). The inter-observer agree-
ments for interim and end of treatment PET/CT were 88% and 92%, respectively,
but in both situations, agreement on negative readings were significantly higher
than for positive readings suggesting that dual-reading is relevant when conduct-
ing response-adapted trials (34). Inter-observer agreement on the granular 1-point
DS level, however, seems to be rather poor on only 42% in a study where 100
interim PET/CTs were assessed by five international experts. When testing agree-
ment on dichotomized PET/CT results (DS 1-3 vs DS 4-5), concordance was 86%
making this distinction most reliable for clinical decision making (35). As in the
study based on HOVONS84, concordance probability was highest for negative
scans (DS 1-3). These results confirm at earlier validation study of the DS in adult
advanced stage HL, where Independent agreement among reviewers, defined as at
least 4 out of 6 reviewers agreed on DS 1-3 vs DS 4-5, was reached in 97% of
patients (36).

After completing treatment, a PET/CT is obtained to confirm remission. Most
patients with negative interim PET/CT will also have complete remission at the




Management of Hodgkin Lymphoma m

end of therapy and have excellent progression-free survival. However, since most
patients (typically >80%) will have a negative interim PET/CT, more than half of
the patients who eventually experience treatment failure will not be identified by
a positive interim PET/CT. In a study of 76 HL patients, the sensitivity and speci-
ficity of interim PET/CT were 47% and 85%, respectively, whereas for end of
treatment PET/CT the corresponding numbers were 80% and 93%. Eight patients
with negative int-PET had treatment failure and six of them were identified as
non-responders with end-PET. Therefore, end-of-treatment PET/CT remains
important in the setting of a negative interim PET/CT (37). Patients who have a
positive end of treatment PET/CT after a negative interim PET/CT have worse
outcomes than patients salvaged after a positive interim PET/CT (38). For patients
who are in remission after end-of-treatment PET/CT, no further imaging is war-
ranted in routine clinical practice. Surveillance PET/CTs are associated with high
false positive rates and follow-up strategies including serial routine imaging do
not appear to improve patient outcomes (39, 40).

With the introduction of more novel therapies for HL, including immunother-
apy with PD1 inhibitors, there was a need for response criteria that provided
guidance on the interpretation of transient tumor flare phenomenon or pseudo-
progressions that can occur in response to increased immunologic activity in tumors.
Therefore, The Lymphoma Response to Immunomodulatory Therapy Criteria
(LYRIC) was developed. This set of response criteria include the category indetermi-
nate response to account for situations where individual tumor lesions increase in
size or activity in the absence of clinical deterioration (41). At first glance these cri-
teria could look like oxymora but how to define a response as indeterminate?
The answer is that these cases need to be monitored closely with additional imaging
or biopsy to distinguish pseudo progression from true progressions (Figure 4).

Figure 4. 57-year-old woman with history of 2 HL relapses, the last one treated by Nivolumab.
One year after starting nivolumab (PD1 immune check point inhibitor), she developed
enlarged mediastinal and abdominal lymph nodes, diffuse pulmonary lesions (SUVmax=27.4)
and a hepatic lesion, all with intense FDG uptake A, Biopsies revealed aseptic granuloma
including well-formed giant cells consistent with sarcoid-like reaction. PET/CT after
corticosteroids (b) showed improvement with a complete metabolic response of all lesions.
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Figure 5. Metabolic tumor volume measurements with volume delineation using the SUV41%
thresholding method (a) and SUV2.5 thresholding method (b). The total metabolic tumor
volume (including all the lesions) was 91Tml with the 41%SUVmax method vs 250ml with
SUV>25.

Immunotherapies can lead to variable, transient immunologic flares that are shown
as increased FDG-uptake and can resemble disease progressions (Figure 4).

In addition to providing important staging information that determines initial
therapy, baseline PET/CT can give additional prognostic information. It has been
shown that the metabolic tumor volume (MTV) is an important determinant of
treatment outcomes in patients with relapsed/refractory HL (Figure 5). Among 65
transplant-eligible patients, predictors of outcomes were baseline MTV and refrac-
tory disease in multivariable analyses. For patients with low MTV (<109.5 c¢m?)
and relapsed disease, the 3-year EFS was 100% (42). MTV is also prognostic in
newly diagnosed limited stage HL, as shown in a post-hoc analysis of patients in
the EORTC H10 trial. Five-year PFS was 71% in the high-TMTV (>147 cm?)
group vs 92% in the low-TMTV group (<147 cm?’) (43). It is likely that further
personalized therapies in HL will be represented by combinations of baseline
tumor volumes and early response adaptions.

CIRCULATING TUMOR DNA FOR MONITORING
HODGKIN LYMPHOMA

The genetic landscape of Hodgkin lymphoma (HL) has been historically difficult
to explore because of the scarcity of Reed-Sternberg cells in tumor tissue (0.1-3%
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of tissue cells) (44). Novel next-generation sequencing-based technologies have
widely improved the knowledge on HL genetics through the analysis of blood-
stream cell tumor DNA (ctDNA), which shows higher median variant allele fre-
quency (VAE a surrogate measure of the proportion of DNA molecules in the
original specimen harboring the mutation) than tissue biopsies and overcomes
tumor spatial heterogeneity virtually depicting the whole tumor clonal architec-
ture (45, 46).

According to international guidelines (8), the recommended biomarker for
disease response assessment in HL is PET/CT, a functional-imaging tool that can
anticipate either the cure or the imminent relapse in fluorodeoxyglucose-avid
lymphomas (26, 31, 47). Nevertheless, a portion of these patients will ultimately
experience disease progression or relapse. Persistence of ctDNA detection during
curative-intent therapy is proposed as a dynamic prognostic marker for clinical
outcome that can anticipate and complement interim PET/CT results (45, 48).

Sample collection and processing

The definition of a standardized methodology to collect and process samples is of
utmost importance in clinical trials involving ctDNA study, since delay in blood
processing, wrong blood storage temperature, or even agitation of the sample can
lead to the contamination of ctDNA with germline DNA (gDNA) released from
lysed blood cells (49). The development of ctDNA-preserving tubes, containing a
formaldehyde-free reagent which stabilizes nucleated blood cells and prevent
nuclease-mediated DNA degradation, has considerably improved pre-analytics in
this setting (49). DNA extraction, quantification, and quality control must follow
validated protocols to warrant uniformity and reliability (45, 48, 50-56). The
description of technical aspects of blood processing and ctDNA analysis are
beyond the objectives of this chapter and will not be covered here.

ctDNA technologies

ctDNA is the portion of cell free DNA (cfDNA) which derives from tumor apoptotic
cells, and which can be distinguished from c¢fDNA released by normal cells by using
the tumor mutation profile as a fingerprint. Being influenced by disease type and
stage, the mean concentration of cfDNA in lymphoma patients is 30 ng/mL, which
is up to 3-fold higher compared to that of age/sex matched healthy subjects (53, 57,
58) and show a stereotyped length of nucleosomes (~147 basis pair: bp) or chroma-
tosomes (nucleosome + linker histone; ~167 bp) (59-61).

Lymphoid malignancies are characterized by the expansion of a single clone,
with a specific clonal rearrangement of immunoglobulin (Ig) genes (62). The
germline variable (V), diversity (D), and joining (J) genes of the IG loci are rear-
ranged during early development phases and undergo random deletion and inser-
tion of nucleotides within the junctional regions, producing a unique sequence
for each B lymphocyte (62). Each tumor specific VD] profile can be considered as
a fingerprint to assess clonality, thereby distinguishing malignancy from non-neo-
plastic processes. When a relapse is suspected, assessment of the clonal relation-
ship between the primary and new lesion can confirm the recurrence. Recent
studies on DLBCL patients reported a rate of detection of 82-92% for Ig
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rearrangement at baseline (pre-treatment timepoint) (53, 58). Levels of ctDNA
correlated with tumor burden assessed by measuring metabolic tumor volume
(MTV) in baseline FDG-PET/CT, and International Prognostic Index (IPI) and
could be detected up to 3-3.5 months before overt disease manifestation (53, 58).
However, the diagnostic and prognostic value of VDJ profile of the heavy chain
(IgH) tracking has some disadvantages when applied to HL, including the need for
analyzing micro dissected HRS cells. In HL, ctDNA can be explored using two
main techniques: polymerase chain reactions (PCR) and next-generation sequenc-
ing assays.

Digital PCR (dPCR)

This is a simple and low-cost tool which needs small amounts of ¢fDNA to detect
a pre-specified mutated region. In a recent retrospective study, the presence of
E571K mutation on XPO1, already identified in primary mediastinal B-cell lym-
phoma, was detected in ~24% of 94 all-stage HL patients (63). Despite its high
sensitivity (10° detection limit), dPCR can be only used for hotspot single-nucle-
otide variant detection.

Cancer personalized profiling by deep sequencing (CAPP-seq)

This is an ultrasensitive next-generation sequencing (NGS) technique for cfDNA
detection and quantification, allowing deep DNA sequencing at a low ctDNA
input level (52, 58). CAPP-seq analysis can be modulated according to disease-
specific panels (also known as ‘selectors’, a set of exonic and intronic targets cho-
sen to cover regions of known recurrent mutations within any particular cancer)
to determine the patient’s personal tumor mutation profile. With a reported con-
cordance between ctDNA and tissue biopsy of >80% (48, 58, 64), CAPP-seq rep-
resents a reliable tool for monitoring Hodgkin and non-Hodgkin lymphomas and
it is being incorporated in the design of ongoing clinical trials with the aim of
becoming a prognostic tool in clinical practice.

Genotyping HL has been recently gathered using CAPP-seq technology (48).
The study reported data from 80 newly diagnosed and 32 refractory patients with
HL, including longitudinal samples collected under ABVD chemotherapy and
longitudinal samples from relapsing patients treated with chemotherapy and
immunotherapy. The proof that ¢ctDNA mirrors HL genetics, derived from the
evidence of a high concordance (R?=0.978) between CAPP-seq variant, calls for
plasma ctDNA and paired tumor of the genomic DNA (gDNA) isolated from HRS
cells on biopsy. Biopsy-confirmed tumor mutations were detectable in ctDNA
samples with an 87.5% sensitivity (48). The most commonly mutated genes were
STAT6 (37.5%), TNFAIP3 (35%), ITPKB (27.5%), GNA13 (18.7%), B2M (16.2%),
ATM (15%), SPEN (12.5%), and XPO1 (11.2%). Major pathways emerging as
recurrently mutated included NF-kB, PI3K-AKT, cytokine and NOTCH signaling,
and immune evasion. For patients under chemotherapy, new mutations may
evolve under the clonal evolution process, which is driven by the selective pres-
sure of treatment, and may not be directly causal for relapse. In general, clonal
shifts between pretreatment and relapse samples were documented in all cases,
demonstrating that evolution after therapy is the rule. Mutations of STAT6,



Management of Hodgkin Lymphoma

GNAI3, ITPKB, and TNFAIP3 were preferentially harbored by the ancestral clones,
indicating that they are an early event in HL. For patients treated with immuno-
therapy, the ancestral clones appeared to be eradicated after a few months after
treatment initiation, with a concomitant complete reshaping of the clonal land-
scape and the emergence of new mutations.

Another study of ctDNA of 60 patients with HL at diagnosis reported a median
number of variants per patient of 4.2%, involving SOCS1 (28%), IGLL5 (26%),
TNFAIP3 (23%), GNA13 (23%), STAT6 (21%) and B2M (19%). Levels of ctDNA
correlated with Lactate Dehydrogenase (LDH), low serum albumin, B-symptoms,
International Prognostic Score (IPS) > 3 and advanced clinical stage (65).

ctDNA and histology

Four histologic subtypes of HL are described in the WHO classification (66), with
similar prognosis and phenotype are indistinctly characterized by the E571K
XPOI recurrent mutation, with no specific restrictions (63). Reed-Sternberg cells
express MYC, NOTCHI, and IRF4 in all the histologic HL subtypes, showing no
substantial differences (67). Some subtype-specific genetic features have recently
been described. STAT6 and TNFAIP3 mutations are more common in nodular
sclerosis and EBER-negative HL (48), while B2M mutations have been exclusively
reported in nodular sclerosis subtype (68).

ctDNA and outcome

Risk-tailored treatment strategies need reliable tools to identify high-risk patients
and to detect early disease relapse. Pre-treatment ctDNA levels in cHL patients
showed a significant correlation with total metabolic tumor volume (TMTV) mea-
sured in the baseline PET/CT (p <.001) (48). In the same study, quantification of
ctDNA complemented interim PET in determining residual disease. Clearance of
ctDNA in blood anticipated outcome in 24 advanced stage HL patients treated
with standard ABVD, with a 2-log reduction after two cycles of frontline chemo-
therapy predicting complete metabolic response (48). In patients with a positive
interim PET despite a 2-log drop in ctDNA, the inflammatory response of the
surrounding non-neoplastic tissue accounted probably for the false positive
results of interim PET. Conversely, all patients achieving less than 2-log reduction
of ctDNA after 2 ABVD courses ultimately relapsed (48). This study provided the
concept that ctDNA has prognostic implications in cHL and may implement the
overall accuracy of PET/CT.

Future perspectives

Extracellular vesicular DNA/miRNA and tumor-educated platelets (TEPs) are
some of the tumor-derived molecules that circulate in the bloodstream together
with ctDNA, and they represent an important complement to liquid-biopsy diag-
nostic sensitivity (69, 70). Extracellular vesicles (EVs), including exosomes and
apoptotic bodies, can contain healthy and tumor-derived DNA and miRNAs, but
no clear data are available to date about the proportions of this effect on circulat-
ing DNA analysis (71). Some uncertainties remain to be addressed before
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translating the ctDNA technologies into the clinic. One question may regard the
detection of a ‘molecular relapse’, whose role has been already established in
other hematologic diseases (72, 73), but not yet in the lymphoma setting. At the
time of writing this article in October 2021, minimal residual disease (MRD)
detection by c[DNA LyV4.0 CAPP-seq assay on peripheral blood samples is being
tested in the early-stage favorable Hodgkin Lymphoma (RAFTING-
NCT04866654) in low-risk patients treated with chemotherapy alone to predict
an impending relapse.

EARLY AND INTERMEDIATE-STAGE DISEASE

Patients with early-stage Hodgkin Lymphoma (eHL) are not a homogeneous
group, and treatment toxicities changed overtime based on chemotherapy and
radiation therapy progress. Moreover, the observation that the treatment-related
morbidity and mortality in this patient subset tends to occur several years after the
completion of the treatment (74), complicate the optimal treatment choice for
these patients (75).

The variation in prognosis is wide among patients who have stage I or stage 11
disease, as defined at the Ann Arbor Conference. Therefore, specific prognostic
factors for early-stage HL have been identified and broadly classified as disease-
and host-related. They include the presence of a large mediastinal mass, an ele-
vated sedimentation rate, involvement of multiple nodal sites, extranodal
involvement, age > 50 years, or massive splenic disease (Table 1). The fact that
just one of them is sufficient to allocate patients in a category of “unfavorable”
eHL, and the absence of all the above parameters needed to include patients
among the “favorable” eHL, confirms the extreme heterogeneity of these patients
(76)—with a cure rate well above 90% and a mortality for non-cancer related
events exceeding the rate of disease progression (77).

Due to the paradox of an excellent immediate disease control and the emer-
gence of late treatment-related toxicities, a predictive tool enabling a tailored ther-
apy and risk of disease relapse could be the ideal solution to this need.
E-FDG-PET/CT, performed interim during treatment (iPET) as early as after one
or two cycles of chemotherapy, emerged as a powerful predictive tool on long-
term treatment outcome for both early and advanced stage HL (24, 25, 78, 79).

The RAPID trial was launched in 2003 with the objective to assess whether in
patients with non-bulky clinical stage IA-IT A HL and a negative iPET after three
ABVD cycles radiotherapy could be safely omitted (80). After three ABVD cycles,
571 patients underwent interim PET scanning. A total of 420 of the 426 patients
with a negative iPET were randomized to involved-field radiotherapy (209
patients) or “No Further Therapy” (NFT: 211 patients). The 5-point Deauville
scale was used to interpret the result of iPET: score 1-2 were considered consis-
tent with a negative and score 3 to 5 with a positive iPET. The trial was powered
to show a non-inferiority of the NFT versus the standard “Combined Modality
Therapy” (CMT) arm, with an accepted inferiority margin of -7%. After a mini-
mum follow-up of 60 months, the 5-year PFS of the standard arm was 94.6%
(95% C.1.: 91.5-97.7%) and therefore the non-inferiority margin was 87.6%. The
5-year PFS of the experimental arm was 90.8% (95% C.1. 86.9-94.8%) but the



Management of Hodgkin Lymphoma

TABLE 1 Current prognostic scores to define favorable or
unfavorable early-stage Hodgkin lymphoma

Risk Factors EORTC GHLSG CHDSG
Large mediastinal mass Large mediastinal mass Large mediastinal mass
Age > 50 y. Extranodal disease Age >40y.
ESR > 50 mm ESR > 50 mm ESR > 40
> 4 involved regions > 3 involved regions > 3 involved regions

* Absence of all factors or presence of just one defines early favorable or unfavorable HL
CHDSG, Canadian Hodgkin Disease Study Group (HDSG); EORTC, European Organization for the Research and
Treatment of Cancer; GHLSG, German Hodgkin Lymphoma Study Group.

non-inferiority margin value fell astride the 95% CI intervals of the 5-year PFS
value of NFT arm and therefore the non-inferiority of NFT treatment strategy
could not be demonstrated.

The limit for non-inferiority for the treatment of chemotherapy alone of PET-2
negative patients was higher (10%) in the EORTC/LYSA/FIL H10 trial (81). In this
study, upon treatment stratification in favorable and unfavorable eHL according to
EORTC criteria (Table 1), enrolled patients were randomized to interim PET
(PET-2)-adapted experimental arms or to a conventional CMT treatment with 3 or
4 ABVD courses plus IFRT, in the favorable or unfavorable strata, respectively. In
the experimental arm, the escalation to 2 BEACOPP escalated cycles was planned
in case of positive PET-2 (with a DS core of 3 to 5), with a superiority study
design, and de-escalation to radiation-free chemotherapy with ABVD in patients
with negative- iPET2, (with a DS score of 1-2), with a non-inferiority statistical
design (81). The non-inferiority arm was stopped after the pre-planned interim
analysis due to a much higher incidence of events in the chemotherapy alone arm
compared to the standard CMT arm, indicating the futility of non-inferiority
approach (82). Nevertheless, the long-term disease control of PET-2 negative
patients treated with chemotherapy alone was relatively good with 5-year PES of
87.1% and 89.6% in favorable and unfavorable group, respectively, while the
outcome of patients treated with CMT was significantly superior, with a 5-year
PFS of 99.0% and 92.1%, with an HR 15.8 (95% CI, 3.8 to 66.1) and 1.45 (95%
CI, 0.8 t0 2.5), respectively, favoring CMT over CT alone in both strata. In conclu-
sion, chemotherapy alone was able to cure 90.8% and 88% of the iPET negative
patients in both studies (81).

Two years later, the German Hodgkin Disease Study Group (GHSD) published
the results of the HD 16 trial in early stage, favorable HL (30). Briefly, 1115
patients with eHL in stage I-II without risk factors according to GHSG (large
mediastinal mass, extranodal lesions, erythrocyte sedimentation rate > 50 mm. or
> 30 mm in presence of B symptoms, or > 3 nodal regions, Table 1) were enrolled
and treated with 2 ABVD courses followed by an interim PET (PET-2). Patients in
the standard arm of the study were then addressed to involved-node Radiotherapy
(INRT), whatever the results of PET-2. In the experimental arm, patients with a
negative PET-2 were randomly assigned to consolidation INRT or no further treat-
ment (NFT). Patients with a positive PET-2 were treated with INRT. In this study,



m El-Calaly T C et al.

the cutoff for a positive PET-2 was set between Deauville score 2 and 3. The trial
was powered to exclude an inferiority of 210% in 5-year PFS of chemotherapy
alone with ABVD, compared with CMT in PET-2 negative patients in a non-
inferiority study design, and to detect a 5-year PFS difference of > 5% between
PET-2-positive and -negative patients receiving CMT. Neither of the two objec-
tives was reached: the 5-year PFS of patients with a negative PET-2 in both arms
treated with CMT or NFT was 93.4% [95% CI 90.4% to 96.5%] versus 86.1%
[95% C.I. 81.4% to 90.9%], with a delta of 7.3% [-13.0% to -1.6%] and an HR of
1.78 [95% C.1.: 1.02 to 3.12], but the inferiority margin of 83.4% fell astride the
95% CI of the 5-year PFS of patient treated with CT alone. When the cutoff for a
positive PET-2 was more correctly set between Deauville score 3 and 4, the 5-year
PFS of patients treated with CMT and a negative PET-2 was 93.1% [95% CI 90.7%
to 95.5%] and for patients with a positive PET-2 it was 80.9% [95% CI 72.2% to
88.7%], with a difference of -12.2% [-21.3% to -3.1%], thus allowing a reach of
the second study end-point, as the difference of 5-year PFS between the two
groups was 12.2% (> 10%), with an HR for DS 4 Vs 1-3 of 2.94 [95% CI 1.63 to
5.31], p=0.0004.

In these three studies addressed to test the effectiveness of interim PET-
guided strategy in early favorable disease, the CMT strategy appeared superior,
in terms of 5-year PFS, to radiotherapy-free regimens in the immediate disease
control, but non-superior in terms of 5-year OS, while the number of events
recorded in the CMT arm were even more frequent, albeit in a non-statistically
significant way. However, it should be stressed also that while, the intensity of
treatment for PET-2 negative patients randomized to NFT in these trials varied
of intensity, being limited to 2 ABVD courses in the HD 16 (30), 3 ABVD courses
in the RAPID (80) and 4 ABVD courses in the H10 trial (81), the treatment out-
come was very similar, being 86% (5-year PFS), 90.8% (3-year PFS) and 87.1%
(5-year PFS).

The safety and efficacy of avoiding radiotherapy has been recently explored by
the U.S. Alliance group in early-stage HL presenting with a classical bulky and a
negative interim PET scan after 2 ABVD cycles (NCT identifier: 01118026).
Patients with a negative PET-2 continued with four more ABVD cycles, while
patients with a positive PET-2 switched to BEACOPP escalated for 4 cycles fol-
lowed by Involved-Field Radiotherapy (IFRT). The results of the interim analysis
after a minimum follow-up of 36 months after the inclusion of the last patients
have been recently presented (83). The 3-yr PFS estimates were 93.1% (95% CI:
87.4-99.1%) in PET-2 negative patients, 89.7% (95% CI: 77.2-100.0%) in PET-2
positive patients (HR=1.01, 85% upper bound 2.32), and 92.3% (95% CI: 87.0—
98.0%) for all patients. The protocol-defined primary endpoint was met as the
PFS hazard ratio for PET2+ vs PET2- was less than 4.1 (one sided p=0.04). In
conclusion, an excellent treatment outcome was observed in all patients using a
PET-adapted approach that allowed omission of radiation in 78% of patients. In
addition, PET-2 positive patients treated with escalated BEACOPP, and consolida-
tive RT did not have inferior outcomes.

An alternative approach to the standard treatment of early-stage HL has been
recently proposed by Kumar et al. (84) One-hundred-seventeen patients with
early-stage unfavorable HL were enrolled, with the following risk factors: 86%
with Memorial Sloan Kettering—defined disease bulk (maximum diameter >
7 cm.), 27% traditional bulk (>10 cm), 52% elevated erythrocyte sedimentation
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rate, 21% extranodal involvement, and 56% > 2 involved lymph node sites. The
first three cohorts were treated with CMT with Brentuximab-Vedotin and AVD
(A-AVD) for four cycles, followed by radiotherapy with different radiation tech-
niques and doses (88 patients) and the fourth cohort (29) with 4 A-AVD courses
without radiotherapy. After a median follow-up of 3.8 years (5.9, 4.5, 2.5, and
2.2 years for cohorts 1-4), the overall 2-year progression-free survival in cohort
1 through 4 was 93%, 97%, 90%, and 97%, respectively. The authors con-
cluded that the efficacy of BV-AVD supported the safe reduction or even the
elimination of consolidative radiation among patients with a negative end-of-
treatment PET.

Omitting consolidation radiotherapy in patients with an end-of-treatment
negative PET scan was also the object of the HD 17 Trial conducted by the German
Hodgkin Disease Study Group (GHDSG). Briefly, 1100 patients enrolled in 224
clinical sites in Germany, Switzerland, Austria, and the Netherlands with at least
one of the following risk factors were prospectively enrolled: (i) a classically-
defined bulky mediastinal mass; (ii) extranodal involvement; (ii) either an eryth-
rocyte sedimentation rate of 50 mm/h or higher without B-symptoms, or an
erythrocyte sedimentation rate of 30 mm/h or higher with B-symptoms; or (iv)
involvement of three or more nodal areas (85). Patients were then randomly
assigned (1:1) either to standard combined-modality treatment, in which patients
received the 2 BEACOPP escalated cycles plus 2 standard ABVD cycles (so-called
“2+2 regimen”) followed by 30 Gy of involved-field radiotherapy, or to a PET-
guided treatment group, in which after the 2 + 2 regimen, patients underwent
involved-node radiotherapy with 30 Gy only in case of a positive end-of therapy
PET (PET4) scan. PET4 was available for central blinded review according the
5-point Deauville scale in 979 patients: 486 in the standard combined-modality
treatment group (of which 428 included in a per-protocol analysis) and 493 in the
PET4-guided treatment group (of which 477 included in a per-protocol
analysis).

At a median follow-up of 46.2 months, the 5-year progression-free survival
was 97.3% (95% C.I. 94.5-98.7) in the standard combined modality treatment
group and 95.1% (95% C.I. 92.0-97.0) in PET4-guided treatment group (HR
0.523 [95% C.I. 0.226-1.211]. The between-group difference was 2.2% (95%
C.I. -0.9 to 5.3), a much lower value than the non-inferiority margin of 8%, thus
allowing the conclusion that this PET-adapted strategy met the criteria of non-
inferiority. Moreover, this individualized PET4-guided treatment allowed the
omission of radiotherapy in most (nearly 90%) patients with newly diagnosed
early-stage unfavorable Hodgkin lymphoma.

The role of Immune check Point Inhibitors (ICI) in first-line treatment of the
early unfavorable HL has been also recently preliminarily assessed in a pilot study
by the same group, with impressive results (86). Briefly, 109 early unfavorable
patients according to GHSG criteria were enrolled in 35 clinical sites in Germany,
and randomized (1:1) to either concomitant treatment with 4 cycles of nivolumab
and AVD (N-AVD) or sequential treatment with 4 doses of nivolumab, 2 cycles of
N-AVD, and 2 cycles of AVD at standard doses, followed in both arms by 30-Gy
involved-site radiotherapy. Among 101 patients eligible for primary end point
analysis, 46 of 51 patients receiving concomitant therapy and 47 of 50 (94%)
patients receiving (90%) sequential therapy achieved Complete Remission (CR)
after study treatment. An unexpectedly high proportion of patients achieved CR
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with nivolumab monotherapy (85% in the concomitant and 50% in the sequen-
tial arm), and 12-month PFS was 100% for concomitant, and 98% (95% CI, 95%-
100%) for sequential treatment, respectively. Overall survival at 12 months was
100% in both treatment groups.

ADVANCED STAGE HODGKIN LYMPHOMA

The advanced classical Hodgkin lymphoma (aHL) refers to stage 111 and IV accord-
ing to Ann Arbor classification, accounting for about 60% of newly diagnosed
patients (66). However, some intermediate patients with stage Il and risk factors
such as B symptoms and bulky mediastinum mass or extranodal involvement
are also treated in clinical trials or daily practice as the advanced stages (25, 26).
The unresolved dilemma exists how to avoid overtreatment in those patients as
the less intensive and well tolerated ABVD treatment results in a 5-year PFS of
approximately 75% whereas the more intensive escalated BEACOPP provides a
PFS rate of 90% but still without clear benefit for long-term OS (87, 88).

Interim PET after 2 chemotherapy cycles (PET-2) proposed in 2007 (25),
started a new era of PET response-adapted-treatment strategy in aHL (89). This
strategy tried to combine both treatment approaches by offering patients not
properly responding to ABVD (PET-2 positive) intensification to escBEACOPP
aiming to improve outcomes and reduce the overall toxicity burden. Three pro-
spective intervention trials verifying this hypothesis—the UK RATHL (26), the US
Intergroup SWOG0816 (47), and the Italian GITIL/FIL HD0607 (90)—reported
a similar rate of PET-2 positivity according to the 5-point Deauville scale (DS score
4 and 5) of 16%, 18%, and 19%, respectively. Small differences might likely result
from the differences in patient inclusion since SWOGO0816 enrolled only III-IV
stage patients whereas UK RATHL and Italian HDO607 included IIA- high risk
and IIB or IIB-only patients, respectively. PFS rates at 3-years for PET-2 negative
patients were 87% in Italian HD0607 and 86% in UK RATHL trial and only 74%
at 5 years (79% a t2 years) in SWOG 0816 trial. In addition, RATHL trial showed
that in PET-2 negative patients, treatment de-escalation to AVD from 3™ cycle
onward did not hamper the efficacy of standard ABVD (91). The HD0607 trial
addressed also the vital question related to the consolidative radiotherapy of ini-
tially large nodal mass (LNM) defined as a nodal mass with the largest diameter >
5 cm in patients with negative interim and end-of-treatment-PET (DS1-3). The
6-year PFS and OS was not statistically different between patients randomly
assigned to receive consolidation radiotherapy to LNM or no further treatment
(91% vs 95%). This was confirmed in three cohorts of patients with the largest
diameter of LNM measuring 5-7, 7-10, and > 10 cm. This finding is practice-
changing: avoidance of radiotherapy in patients with aHL and LNM who achieved
complete metabolic remission (CMR,; roughly about 50% of aHL patients) should
translate into a significant reduction of long-term toxicity (27).

The escalation to escBEACOPP in PET-2 positive patients was partially suc-
cessful. Indeed, prognosis of these patients improved from 10-35% who contin-
ued ABVD as documented in the observational studies (24, 25, 79) but only to
about 65% (68% in the UK RATHL, 66% in the US SWOG0816 and 60% in the
Italian HDO607 trials). Patients with PET-2 DS5 have still very poor prognosis
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with only 35% 3-year PFS despite treatment escalation (90). Additionally, escala-
tion to six escBEACOPP cycles in SWOG 0816 instead of four as in two other
trials increased the cumulative rate of second cancer to 14% within the 5.9 years
of median follow-up compared to 1.7% in UK RATHL at 3.4 years whereas in
Italian HDO607 no second cancers were reported at 3.6 years median of follow-
up. Clearly, PET response-adapted treatment has disclosed its limitations, in par-
ticular for the lower negative predictive value of PET-2 than originally reported
and expected with ongoing relapses and other PFS events occurring beyond 2 to
3 years. Despite these limitations, PET response-adapted approach backboned on
ABVD is the most important development in the management of aHL in the last
decade. PFS of all aHL patients treated in this way improved from about 70% to
82% at 3 years in UK RATHL and Italian HDO607 trials and less significantly to
74% in SWOG0816 and became the standard practice (92).

Alternative approaches have been proposed thanks to the introduction of new
effective target agents such as brentuximab vedotin (BV)—antibody-drug conju-
gate that combines an anti-CD30 antibody with the drug monomethyl auristatin.
In ECHELON-1 trial, aHL patients were randomized to receive standard ABVD or
AVD plus BV for up to six cycles. This study was not designed with a PET-adapted
approach, although a non-decisional PET-2 scan was done and patients with a DS
5 were allowed to be switched to an alternative therapy. The combination of BV +
AVD resulted in a superior 5-year modified PFS of 82% compared with 75% in
the ABVD group regardless of the disease stage at enrolment. Notably, patients
with positive PET-2 had 5-year modified PFS of 60%, which is similar to patients
escalated to BECAOPP in PET adapted approaches (93). Addition of BV, however,
was complicated by peripheral neuropathy, albeit largely reversible and febrile
neutropenia requiring G-CSF prophylaxis to lower its incidence from 21 to 11%.
Although AVD + BV seem to perform better than standard ABVD (but not better
than PET adapted approaches), the costs of upfront treatment of all patients with
BV are more than 70 times higher. Alternatively, persistent tumor cell free DNA
presence at the time of interim assessment as a biomarker of poor response to
ABVD could be proposed to guide treatment intensity (15), however such
approach has not been tested as yet.

More promising seems to be the introduction of immune checkpoint inhibitors
(CPD) to the first line treatment published by two preliminary reports. The first
refers to the Cohort D of the CheckMate 205 trial in which 51 patients with
untreated aHL received Nivolumab for four doses, followed by 12 doses of
Nivolumab-AVD (94). The objective response rate was 84% with 67% achieving
complete remission. More importantly with a minimum follow-up of 9.4 months,
modified progression-free survival was 92%. The second reports the outcome of
30 patients treated with 3 cycles of pembrolizumab as monotherapy followed by
AVD for 4 to 6 cycles, depending on stage and bulk. After pembrolizumab mono-
therapy, the CMR rate was (37%) and increased to 100% after 2 cycles of AVD and
was maintained thorough the median follow-up of 22.5 months without any event
(95). Such promising results of early administration of CPI before any standard
chemotherapy might be explained by the concept of increased sensitization by
CPI to chemotherapy, which was first observed in patients with recurrent/resistant
disease (96, 97). The upcoming time will show whether the early short adminis-
tration of CPI will alleviate or change PET-response adapted approach in the treat-
ment of aHL.
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RELAPSED OR REFRACTORY CLASSICAL HODGKIN'S
LYMPHOMA

In spite of the high cure rate after first-line conventional chemotherapy (CT) +/-
radiotherapy, a small proportion of classical Hodgkin’s lymphoma (cHL) patients
(5-10%) are primary refractory and up to 20-30% of them eventually relapse.
High dose CT (HDCT) and autologous stem cell transplantation (auto-HCT) is
considered the standard of care for patients failing front-line treatment. Auto-HCT
results in a cure rate of about 50% of the patients (98, 99). The most frequently
used regimens for second line chemotherapy such as ESHAP (Etoposide, methyl-
prednisolone, High-dose ARA-C, Cisplatin), DHAP (Dexamethasone, High-dose
ARA-C, Cisplatin), ICE (Ifosfamide, Carboplatin, Etoposide), and GDP
(Gemcitabine, Dexamethasone, Cisplatin) result in an overall response rate (ORR)
of 70-80% and a CR rate of 20-50%. Nevertheless, in these studies, published at
the end of the last millennium, the response was evaluated with traditional con-
trast-enhanced CT scan, making the comparison with the newer combinations in
which results were assessed by PET/CT very difficult. No superiority of one over
the other regimens has been demonstrated so far. This scenario has been signifi-
cantly revolutionized by the systematic use of PET/CT. Patients achieving a PET/
CT negative CR (CMR: Complete Metabolic Response) have a significantly higher
probability to be alive and disease-free after transplantation than patients showing
a persisting FDG-avid lesion auto-HCT (100). The combination of brentuximab
vedotin (BV) with different conventional platinum- or gemcitabine-based chemo-
therapy or with bendamustine (Table 2) (101-104), was able to achieve a CMR in

TABLE 2 Brentuximab vedotin in combination with
conventional salvage chemotherapies for
patients with classical Hodgkin’s lymphoma in
first relapse.

N. of Pts.

Author, N. of ORR mCR Undergoing

(reference) Pts. Protocol (%) (%) auto-HCT PFS oS

Moskowitz 46 Sequential BV+ 80 76 44 (96%) 90% (24 mo) 95% (24 mo)
etal. (101) Augmented

ICE

LaCasce etal. 55 BV + Benda 925 74 40 (75%) 70% (24 mo) 95% (24 mo)
(102)

Garcia Sanz 66 BV + ESHAP 94 70 62 (94%) 70% (18 mo) 90% (18 mo)
etal. (103)

Kersten et al. 55 BV + DHAP 90 81 47 (90%) 74% (24 mo) 95% (24 mo)
(104)

auto-HCT, autologous stem cell transplantation; Benda, bendamustine; BV, brentuximab vedotin; DHAP,
dexamethasone, high-dose Ara-c, cisplatin; ESHAP, etoposide, methylprednisolone, high-dose Ara-c, cisplatin; ICE,
ifosfamide, carboplatin, etoposide; mCR, metabolic complete remission; Mo, months; ORR, overall response rate; OS,
overall survival; PFS, progression free survival; Pts, Patients.
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up to 70% of the cases, which seems undoubtedly a significant step forward in
achieving a durable second remission compared to previous report in which the
response was assessed by conventional radiologic tools. Chemotherapy-free com-
binations, e.g., BV and the anti-PD1 checkpoint inhibitors, were also able to
achieve a high-rate complete metabolic response (CMR) resulting in long-term
disease control after transplant without the early and late onset toxicity associated
to chemotherapy (105).

The evidence of a variable long-term disease control after auto-HCT paved the
way to develop strategies to consolidate transplant results for patients with high
risk of relapse. In addition to the response to the second line chemotherapy, pri-
mary refractory disease, stage IV disease at relapse, ECOG-status > 1, and a nodal
lesion > 5 cm at relapse were identified as independent risk factors for auto-HCT
outcome in a large retrospective multicenter cooperative consortium—the
RISPACT consortium (106). In the AETHERA trial (107), patients with at least
one of the following risk factors: primary refractory disease, early relapse (dura-
tion of CR after autoHCT < 12 months) and late relapse with extranodal disease
were randomized 1:1 to receive either 16 doses of BV single drug or placebo.
Consolidation with BV resulted in a significant improvement of disease control in
patients with high-risk disease. Based on these results, BV was approved as con-
solidation therapy for cHL patients with increased risk of relapse after auto-HCT.
CPI, either alone (108) or in combination with BV (109) proved also as an effec-
tive and well tolerated consolidation strategy after auto-HCT; nevertheless, the
low number of patients included in the trials and the short follow-up precludes
definitive conclusions. High risk patients may also benefit from tandem auto-
HCT. However, this strategy, which is feasible and effective as demonstrated by
the French group (110) is less frequently used due to the wide variety of targeted
therapy-based treatment options in this setting.

The outcome of cHL patients not candidates to auto-HCT because of old age,
comorbidities, performance status or refractory disease after first-line salvage CT
is quite poor as both the rate and duration of response after second line treat-
ment proved disappointingly low. These patients represent a big unmet medical
need and should be an immediate target for prospective clinical trials with new
drugs.

Relapses after high dose chemotherapy and auto-HCT have been considered
for long a event with an ominous prognosis. The introduction of new treatment
strategies has allowed to significantly improve OS upon relapse in these patients.
A retrospective analysis of the Lymphoma Working Party (LWP) of the European
Society for Blood and Marrow Transplantation (EBMT) indicates that OS at 4 years
for patients that relapse after auto-HCT was only of 35% for patients relapsing
between 2005 and 2008 compared to 61% for patients failing auto-HCT between
2015 and 2017 (111). This improvement is partially related to the availability of
BV and the CPI nivolumab and pembrolizumab.

The pivotal phase 11 clinical trial that tested the efficacy and safety of BV mono-
therapy for up to 16 doses in a 3-weeks schedule in patients progressing or relaps-
ing after auto-HCT included 102 patients (112). BV resulted in an overall response
rate of 75% with 34% of the patients achieving a CMR after 4 cycles of the drug.
A longer follow-up of the trial showed a 5-year PFS of 52% for patients in CR,
thus suggesting the ability of BV to cure a small patient subset in this worse clini-
cal scenario (113).
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Whether BV or a CPI should be used as the first treatment strategy in patients
failing or ineligible to auto-HCT has been tested in the recently published
KEYNOTE-204 prospective clinical trial (114). Patients were randomized 1:1 to
receive either pembrolizumab for 35 doses or BV for 35 doses. Overall, the PFS
was superior for pembrolizumab with a mean duration of response 13.2 vs. 8.3
months. The results of this study seem to suggest that patients failing auto-HCT
should be first addressed to a rescue treatment with pembrolizumab while BV
should be considered only after failure of CPI drugs.

The introduction of CPI has improved even more the long-term outcome of
patients relapsing after auto-HCT. HL may have a genetically driven vulnerability
to PD-1 blockade due to the almost universal presence of abnormalities at 9p24.1
that lead to an overexpression of PD-L1 and PD-L2 not only in the malignant Reed
Sternberg cells but also in the inflammatory cells that constitute the HL microen-
vironment (115). Pivotal phase II trials for nivolumab and pembrolizumab
(CHECKMATE-205 and KEYNOTE-087) in different cohorts of patients, most of
them failing both auto-HCT and prior BV therapy have indicated the capacity of
both drugs to achieve response rates of about 70% with a median PFS of 13-15
months (108, 116). Although the CR rates are quite low with these drugs, not
exceeding 20%, the results in terms of OS (80% after 2 years) for patients that
achieve a CR but also for those patients in PR are encouraging thus pointing
toward (1) an inadequacy of standard criteria to assess treatment response in lym-
phoma after CPI, and (ii) to the particular effectiveness of these drugs in HL
relapse (97, 117).

With the introduction of both BV and CPI in the treatment of relapsed/refrac-
tory cHL, indication and timing of allo-HCT for relapsing or refractory cHL has
been significantly modified. Allo-HCT still represents the only curative treatment
strategy for patients with cHL failing auto-HCT especially in more recent times
(117). Nevertheless, in spite the advent of haploidentical HCT with a potential
curative effect comparable to that of allo-HCT from identical siblings and matched
unrelated donors (118), the number of allografted patients is steadily declining.
Combination of new drugs could be the trump card for a less toxic and very active
rescue treatment in this setting (119-121).

IMMUNE CHECKPOINT INHIBITORS

A number of explanations have been offered for the failure of infiltrating T-cells to
eliminate the malignant cells in HL (122). A critical observation is that many of
these cells express PD-1, a negative regulator of T-cell activation and function. The
ligands PD-L1 and PD-L2, are overexpressed in classical HL due to aberrations of
chromosome 9p24.1 (containing the PD-L1 and PD-L2 loci) which plays a funda-
mental role in the pathogenesis of the disease (123). The PD-1/PDL-1 checkpoint
creates an immune inhibitory milieu. PD-1 on cytotoxic T cells binds to PDL-1
and PDL-2 expressed on the RS cells, with the result being T-cell exhaustion
(124).

The monoclonal antibodies nivolumab and pembrolizumab are check point
inhibitors (CPI), which interrupt PD-1 blockade and exhibit marked clinical ben-
efit in HL. The earliest data with a CPI in relapsed or refractory (R/R) HL were
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from the CheckMate 205, as previously reported in this chapter. (125, 126). The
drug was well tolerated with the most frequent grade 3—4 toxicities being increased
lipase (5%) or aspartate transaminase (ALT) (3%), and neutropenia (3%). Ansell
etal. (127) recently presented a long-term update of the Checkmate 205 study in
R/R HL at a median of 58 months. The ORR response rate was 71% with 21% CRs
(Cohort A ORR 65%, CR 32%; B ORR 71%, CR 14%, C ORR 75%, CR 21%). The
median duration of response (DOR) was 18.2 m but was 30.3 m for the CRs and
13.5 m for the PRs. Overall PFS was 15.1 m (A-18.3 m, B-14.8 m, C 15.1 m);
37.4 m for CRs and 15.2 for PRs. 5 yr OS 71.4%. Two important observations
were made: first, successful retreatment was possible, especially for patients in CR
for longer than one year. Second, 18% of patients were free of progression at
5 years, raising the possibility of cure.

Chen et al. (128) updated their results with pembrolizumab from the
KEYNOTE-087 trial: Cohort 1 (n=69) were treated after ASCT and BV with an
ORR of 71.9% and 27.6% CR; Cohort 2 (n=69) ineligible for ASCT and BV treat-
ment failure with ORR 76.8% and 26.1% CR, and Cohort 3 (n=60) no BV after
ASCT ORR 73.3% and CR 31.7%. The respective median duration of response
(DOR) was 49.6%, 26.4%, and 50.7%, respectively. In general, pembrolizumab
and nivolumab are considered similar in efficacy and tolerability with selection
being primarily based on schedule (pembrolizumab 200 mg q 3 weeks: nivolumab
3 mg/kg every 2 weeks) and physician preference.

Since both BV and CPIs are approved for R/R HL, an important question is
which is the preferred agent. To address this issue, Kuruvilla et al. conducted a
randomized comparison in 304 patients (114). PES was superior with pembroli-
zumab with a HR of 0.65 (95% CI 0.48-0.88, p=0.0027). Thus, in patients naive
for both agents, a CPI would seem to be the preferred first option (Figure 1).

COMBINATION STRATEGIES

Given the availability of two relatively well-tolerated and active classes of agents,
antibody-drug conjugates, and CPIs, combinations and sequences of BV and CPIs
alone or with other agents are actively being developed. Herrera et al. (129)
reported a phase 1/2 study of the combination of BV and nivolumab in 62 patients
with relapsed or refractory HL. Patients received up to 4 cycles of the combina-
tion; during the first cycle, BV was administered on day 1 and nivolumab on
day 8. The drugs were given together on day 1 of subsequent cycles. Patients had
a median age of 36 years, 60% with limited stage disease, and no mention of
comorbidities. They were considered to be at high risk as 45% had primary refrac-
tory disease and 31% had relapsed within 1 year of front-line therapy. The CR was
61% with an ORR rate of 82%. Time-dependent endpoints could not be reliably
analyzed as 54 patients went on to ASCT. Advani et al. (105) updated these data
in 91 patients who achieved an ORR of 85% with CMR of 67%. PFS at 36 months
was 77% for all patients and 91% for those who had ASCT post BV +/- nivo.
Relapsed patients fared better than those who had primary refractory disease with
36 months PFS of 90% and 61%, respectively. The overall survival was 93% at 36
months. The future of this combination in R/R patients is uncertain given the
increased use of BV and CPIs in newer front-line regimens.
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Diefenbach et al. (130) combined the anti-CTLA-4 antibody ipilimumab (Ipi)
with BV and/or nivolumab in a phasel/2 trial for R/R patients with cohorts in
which patients received BV + Ipi, BV + nivolumab or the triplet. Using a 3x3
design, they identified the doses with the triplet of nivolumab 3 mg/kg and ipili-
mumab 1 mg/kg with BV 1.2 mg/kg. Additional patients were enrolled into an
expansion phase at these doses. BV and nivolumab were given every 3 weeks
whereas Ipi was administered every 12 weeks. Of the 64 patients enrolled, the
ORR was 76% in the Ipi group, 89% in the nivolumab group, and 82% in the
triplet group. Median PFS was 1.2 years in the Ipi group, but it was not reached
in the other two cohorts. BV-nivolumab and the triplet are being compared in
NCT01896999.

The use of CPIs as part of initial induction is being extensively studied.
Reacting to the impressive results with BV-nivolumab in R/R patients, Cheson
etal. (131) conducted a phase 2 trial of the combination in 46 previously untreated
patients who were either over the age of 60 years or considered ineligible for stan-
dard ABVD because of comorbidities. The combination was not as well tolerated
as reported in the R/R setting. Best overall response rate was 91% with 65% com-
plete metabolic responses (CMR); however, the cycle 8 ORR was 61% with 48%
CMRs, which was below the projected outcome. These results may have reflected
the shorter duration of CPI therapy of only 8 months.

TOXICITY

The primary toxicities of concern with PD-1 inhibitors relate to the immune-
mediated properties of the drugs. These adverse effects are mostly grade 1-2 in
severity and include thyroid dysfunction (15%), rash, hepatitis, and pneumonitis
(11%) (114, 126, 128). In patients whose endocrine disturbance is asymptomatic,
the drug may be continued. Other symptomatic adverse events are generally man-
aged with corticosteroids or other immunosuppressive agents. However, severe
toxicities result in drug discontinuation in 5-7% of patients.

Several groups have evaluated either BV, a CPI, or the combination with che-
motherapy as initial treatment for HL. Ramchandren et al. (132) reported on 51
adult patients, almost half of whom had an IPI of 3 or greater. Patients were
treated with 4 doses of nivolumab at 240 mg followed by 12 doses of N-AVD,
every 2 weeks. The ORR was 84% with 67% CR. The 9-month modified-PFS was
92%. There was an apparent correlation between HRS PDL-1 expression and out-
come. The role of nivolumab relative to BV as part of initial treatment is being
evaluated in SWOG S1826 in which patients receive either BV or nivolumab in
combination with standard AVD chemotherapy (Figure 1).

CD47 CHECKPOINT

Another checkpoint being targeted is CD47, a transmembrane protein that is
ubiquitously expressed and functions as a “don't eat me” signal, protecting nor-
mal cells from phagocytosis by macrophages. CD47 is overexpressed on
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hematologic and solid tumors and correlates with prognosis. CD47-SIRPa func-
tions as an immune checkpoint and provides a novel target for anti-tumor anti-
bodies. Two of these are currently available in the clinic. Magrolimab has been
studied in a small number of patients with DLBCL and FL with encouraging
results (133). TTI-621 has been studied in several trials. Ansell et al. (134)
reported 164 patients with B- and T-NHL, 18 of which were in a phase I dose
escalation and 148 in expansion cohorts: 35 with rituximab and 4 with
nivolumab. The MTD was determined to be 0.2 mg/kg with thrombocytopenia
as the dose limiting toxicity. Other toxicities included fatigue, infusion reactions
and chills. In another phase I study including 25 patients with relapsed/refrac-
tory lymphoma (NCT03530683), 5 of them with HL, TTI-621 was administered
with a modified 3+3 schema. Only five patients responded and none of them had
HL histology (135).

DURATION OF THERAPY

There is no uniform consensus on the optimal duration of CPI therapy. Overall,
nivolumab and pembrolizumab appear to have comparable activity and a similar
toxicity profile. Differences include the schedule of administration: every 2—4
weeks for nivolumab, and every 3 or 6 weeks for pembrolizumab. The duration
was until disease progression for nivolumab, and until progression or a maximum
of 2 years with pembrolizumab, although patients in CR could go off treatment.
Those in PR or with SD should continue on therapy as late CRs are observed.
Thus, treatment duration can be tailored to patient convenience or need for more
careful follow-up. Of note, is that retreatment has been successful in the majority
of patients. Following the long-term follow-up of CheckMate 205, the recommen-
dation was made for discontinuation following a year of treatment for patients in
a CR. Although BV is recommended as consolidation for high-risk patients follow-
ing ASCT based on the AETHERA trial (107), there are, as yet no such data avail-
able for CPlIs.

Assessment of response

An important observation with the use of CPIs was that they might be associated
with pseudo progression, potentially resulting in premature discontinuation of
effective therapy. The mechanism has been speculated to be an acute inflamma-
tory response leading to a false positive result on PET-CT scan. As a result,
Cheson et al. (41) developed the LYRIC Criteria as a specific modification of the
Lugano Classification. They categorized three types of Indeterminate Response
(IR): (1) IR-1 in which there is an increase in overall tumor burden (as assessed
by the sum of the product of the diameters [SPD]) of 250% of up to 6 measur-
able lesions in the first 12 weeks of therapy, without clinical evidence of clinical
deterioration; (ii) IR-2, appearance of new lesions or growth of one or more
existing lesion(s) >50% at any time during treatment occurring in the context of
lack of overall progression (<50% increase) of overall tumor burden as measured
by the SPD of up to 6 lesions at any time during the treatment; and (iii) IR3,
increase in FDG uptake of one or more lesion(s) without a concomitant increase
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in lesion size or number. A repeat scan in about 12 weeks may allow for distinc-
tion between PD and pseudo progression in the absence of a biopsy. It is possible
that this distinction may also be facilitated with the measurement of circulating
tumor DNA.

THE CURRENT ROLE FOR CPIS IN THE MANAGEMENT OF
CLASSICAL HL

The role for CPIs in the management of patients with classical HL is in evolution
(Figure 6). Their role relative to BV as part of initial treatment is being evaluated
in SWOG S1826 in which patients receive either BV or nivolumab in combination
with standard AVD chemotherapy.

Currently, autologous stem cell transplantation remains a standard for patients
with relapsed HL. Nonetheless, the optimal reinduction strategy is controversial.
CPIs are being incorporated into salvage regimens to determine if they can increase
the number of transplant eligible patients. For patients who are transplant ineli-
gible or progressing post-transplant, CPI have been shown to be superior to BV
(114). For patients who achieve a CR with a CPI, treatment may be discontinued
after a year, with retreatment possible following progression. Since some patients
may not relapse, at least for a number of years, allogeneic BMT may be deferred
until evidence of PD (127). Those who fail to achieve a CR with a CPI can be
treated with BV, if BV naive, or referred for allogeneic BMT. It is likely that CAR-T
or bispecific antibodies will replace BMT in this setting and will alter this
paradigm.

Current Use of CPlIs in cHL

. Previously
Previously
Untreated Treated
ASCT ineligible,
ASCT Failed
Eligible Multiply relapsed
CP1+Chemo* No prior CPI
CPI followed by Chemo*
CR
CP| — ¥ ——
cPI+ Tx for 1 year Dhserve
Chemo”. / \ oD l
CPI+BV* No CR
No prior BV Prior BV Re-tx
ASCT Bv Allo BMT 1

* On a clinical trial

Figure 6. Flow chart depicting the current use of checkpoint inhibitors (CPI) for classical
Hodgkin lymphoma.
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CONCLUSION

In this chapter the most significant advances achieved in the last ten years that
have revolutionized the overall management of Hodgkin Lymphoma have been
reviewed and critically discussed. Innovative aspects of diagnosis, staging, prog-
nostication, first-line, and rescue treatment and response-assessment monitoring
are presented, and their relative advantage are assessed, and compared to the
standard approach in use before the introduction of any of them.
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