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Abstract

Purpose of Review Checkpoint inhibitors (CPIs) targeting PD1 are highly active in relapsed/refractory classical Hodgkin
lymphoma. A plethora of recent studies, often small and non-randomised, have raised many questions about how to optimally
integrate these into clinical practice. We aim to discuss the use of CPIs in different relapsed/refractory settings in an effort
to better define their role and highlight areas of research.

Recent Findings CPIs have shown efficacy at first relapse, as salvage pre- and post-autologous (ASCT) and allogeneic stem
cell transplant (alloSCT) and as maintenance post-ASCT. Immune-related adverse events require careful attention, especially
when used peri-alloSCT, where it is associated with hyperacute graft-versus-host disease. Newer PD1 inhibitors, as well as
strategies to overcome CPI resistance, are being tested.

Summary CPIs are increasingly deployed at earlier points in the classical Hodgkin lymphoma pathway. Whilst progress is

clearly being made, randomised studies are required to more clearly define the optimal positioning of these agents.
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Introduction

Classical Hodgkin lymphoma (cHL) is a highly curable
disease. Nevertheless, around a quarter of patients do not
respond to, or later relapse after, conventional front-line
therapy [1-4]. In recent years, novel agents such as bren-
tuximab vedotin (BV) and checkpoint inhibitors (CPIs) have
been added to the armamentarium of therapeutic agents for
relapse/refractory (R/R) disease. CPIs are particularly active
in cHL, resulting in high rates of durable remissions, and
have been studied at various points throughout the disease
pathway, from initial therapy to post-transplant consolida-
tion. However, the optimal setting in which to use these
agents remains unclear. This review seeks to discuss the use
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of CPIs in different relapsed/refractory settings in an effort
to better define their role and highlight areas of research.

Relapse Following ASCT — the Initial
Indication

ASCT remains the standard of care for adult patients with
R/R cHL based on two small and potentially outdated stud-
ies, demonstrating improved progression-free survival
(PFS), but not overall survival (OS) over combination
chemotherapy alone [5, 6]. Durable remissions are achieved
in approximately half of patients [7], although the quality
of remission prior to ASCT is a key determining factor of
outcome [8]. Historically, the outcome for patients relapsing
after an ASCT was poor with reported survival at 5 years of
30-35% [9-12], prompting the development of new thera-
peutics in the post-ASCT setting. In a pivotal phase 2 study,
BV produced an overall response rate (ORR) of 75%, com-
plete response (CR) rate of 34% and a median PFS of 5.6
months in this setting [13]. Whilst durable responses were
seen in those who achieved CR (5-year OS and PFS of 64%
and 52%, respectively), most patients require additional
treatment within a year [14].
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Nivolumab and pembrolizumab have demonstrated
impressive activity in the post-ASCT setting, with an ORR
of ~70% (mostly partial responses [PR]) and favourable tox-
icity profile in phase I and II trials [15, 16, 17e, 18e, 19,
20, 21e, 22]. In CheckMate-205, 243 patients divided in 3
cohorts — BV naive (cohort A, 63 patients), BV after ASCT
(cohort B, 80 patients) and BV before and/or after ASCT
(cohort C, 100 patients) — were treated with nivolumab
until disease progression or unacceptable toxicity [22-24].
Nivolumab could be discontinued after 1 year of CR in
cohort C, and restarted if relapse occurs within 2 years. With
extended follow-up (median 18 months), durable responses
were seen in all three cohorts, with the overall ORR, CR rate
and median duration of response (DOR) being 69%, 16%
and 16.6 months, respectively. The median PFS was 14.7
months, which compared favourably to BV (5.6 months).
Response was rapid, with a median time to initial response
of 2.1 months.

Similar efficacy was seen with pembrolizumab in KEY-
NOTE-087 [19, 20]. Cohort 1 (n = 69) and cohort 3 (n = 60)
received pembrolizumab for up to 2 years after relapse fol-
lowing ASCT (with or without BV post-ASCT). After 5-year
extended follow-up, the ORR was 84.1% (cohort 1) and
68.3% (cohort 3), with median PFS of 16.4 months (cohort
1) and 19.7 months (cohort 3). In the total study popula-
tion, the CR rate was 27.6% and median DOR 16.6 months.
Of those who achieved CR on the trial (58 patients, 10
who underwent allogeneic stem cell transplant [alloSCT]),
achieved very durable responses with median PFS of 56.5
months and 5-year PFS of 44.3%.

CPIs have an acceptable safety profile, with the majority
of adverse events (AEs) being low grade. The most com-
mon grade 3—4 treatment-related AEs (TRAEs) were lipase
increase (5%), neutropenia (3%) and raised alanine transami-
nase (3%) for nivolumab, neutropenia (2.4%) and diarrhoea
(1.4%) for pembrolizumab. The majority of immune-related
AEs (irAEs) were low grade, with the thyroid being the most
commonly affected, plus also pneumonitis, hepatitis and
rash. Only 7% TRAE:s led to treatment discontinuation.

Based on these results, nivolumab and pembrolizumab
were approved by the US Food and Drug Administration
(FDA) and the European Medicines Agency (EMA) for use
in R/R cHL in the post-ASCT setting.

Consolidation Following ASCT

Only about half of patients will attain durable disease control
after ASCT. The AETHERA study demonstrated that early
post-ASCT consolidation with BV reduces relapse in high-
risk R/R patients (HR = 0.57) compared to placebo (median
PFES 42.9 vs. 24.1 months) [25], albeit with a risk of periph-
eral neuropathy (56% vs. 16%). Following on the success
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of this approach, the safety and efficacy of post-ASCT con-
solidation with CPI alone or in combination with BV were
studied in two small phase 2 trials. Thirty patients with high-
risk R/R cHL (90% >1 and 40% >2 modified AETHERA
risk factors: primary refractory disease, relapsed within
12 months of frontline therapy, residual fluorodeoxyglu-
cose [FDG]-avid disease after salvage, >1 salvage regimen
needed to achieve remission, extranodal disease/B symptoms
at relapse) received up to 8 cycles of pembrolizumab within
21 days of discharge (<60 days post-stem cell infusion) post-
ASCT (median 34 days) [21e]. Ninety-three percent were
in CR prior to ASCT and those that required >2 lines of
relapse treatment were excluded. Prior CPI (20%) or BV
(20%) were permitted if entered remission without interven-
ing relapse. The 18-month PFS was 81% overall and similar
in those considered high risk (>2 risk factors PFS = 83%,
eligible for the AETHERA trial PFS = 85%). Five patients
relapsed by 18 months, at a median of 6 months. This com-
pared favourably to those who received BV consolidation
in the AETHERA trial (estimated 2-year PFS 63%). AEs
were frequent but judged acceptable. Seventy-seven percent
completed all 8 cycles of pembrolizumab. Of the 7 patients
who did not, 4 were due to toxicity. Grade >3 TRAEs were
reported in 27%. Grade >2 irAEs were reported in 40%, the
most common of which was pneumonitis.

Following on from this, 59 patients were consolidated
with 8 cycles of nivolumab and BV, at a median time of 54
days post-ASCT [26]. This was a similarly high-risk popula-
tion (100% >1 and 64% >2 modified AETHERA risk fac-
tors, 51% prior BV, 42% prior CPI). The estimated 18-month
PFS was impressive, at 95% overall, 92% and 8§9% in those
with >2 and >3 risk factors, respectively. Only 49% patients
completed all 8 cycles of both drugs (76% completed 8
cycles of one drug). Of those who discontinued both, 6/14
were due to AEs. Similar numbers discontinued BV (14%)
and nivolumab (12%). The most common AEs were periph-
eral neuropathy (51%), neutropenia (42%), fatigue (37%) and
diarrhoea (29%). irAEs were reported in 31%.

Current data suggest CPI consolidation following ASCT
is effective with a significant toxicity signal that could limit
its widespread adoption. Given the caveats of cross-trial
comparisons, direct randomised comparisons are needed to
determine the relative efficacy and toxicity of BV, CPI and
combination consolidation post-ASCT.

Moving CPI Therapy into the Pre-ASCT
Setting

With the success of CPIs in the post-ASCT setting, earlier
use in the disease course may enable more patients to be
eligible for ASCT consolidation with subsequent improved
outcomes. Pembrolizumab is the only CPI approved for
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use pre-ASCT, based on results from cohort 2 of the KEY-
NOTE-087 trial, a group of patients who relapsed post-BV
but were ineligible for ASCT due to chemoresistance. All
81 patients in this cohort had R/R disease after > 3 lines of
prior therapy including BV. After extended 3-year follow-up,
the ORR, CR and median DOR of this cohort were 66.7%,
25.9% and 11.1 months, respectively [27]. For those who
achieved CR, response was durable with median DOR of
19.2 months. Median PFS was 11.1 months. Two patients
went on to receive a stem cell transplant. Pembrolizumab
thus represents a valuable treatment option in this difficult-
to-treat patient group.

The randomised phase III KEYNOTE-204 trial recently
provided data on the relative efficacy and safety of pem-
brolizumab versus BV salvage pre-ASCT [28e]. Even
though patients who had prior ASCT were included in the
study, 63% of the 300 patients were ineligible for ASCT
due to chemoresistance (44%), age (9%) and comorbidities
(1%). Only ~5% patients had prior BV exposure (but not
resistance). Interim analysis reported a clinically meaning-
ful superior PFS with pembrolizumab treatment compared
to BV in those ineligible for ASCT (median PFS 12.5 vs.
5.7 months, HR 0.61). In the whole study population, the
ORRs were 65.6% for pembrolizumab and 54.2% for BV
(p = 0.023, non-significant) and the CR rates were similar
(24.5% versus 24.2%). A longer median DOR was observed
for pembrolizumab (20.7 months) than BV (13.8 months).
Overall, 64 patients subsequently underwent ASCT and
seven underwent alloSCT without previous ASCT. Pem-
brolizumab and BV were associated with a similar incidence
of grade 3-4 TRAEs (19.6% vs 25%). Higher incidence of
irAEs (hypothyroidism [15.5% vs 1.3%] and pneumoni-
tis [10.8% vs 2.6%]) was observed with pembrolizumab,
whereas BV was associated with more nausea (13.2% vs
4.1%) and peripheral neuropathy (18.4% vs 2%). On the
basis of this trial, pembrolizumab was granted FDA approval
for R/R cHL in general and is now licensed for use in Europe
for patients whose disease has progressed after receiving
at least 2 lines of therapy when ASCT is not a treatment
option (in addition to its indication in those relapsed follow-
ing ASCT) (Figure 1).

The question remains whether to use a CPI or BV
as third-line therapy. Data on the optimal timing and
sequencing of CPI and BV remains limited and should
be the focus of future research. In those where ASCT is
never a treatment option due to age and/or comorbidi-
ties, it makes sense to use CPI for its longer PFS, and
reserving BV for those whose disease progressed after
CPI therapy or for those with contra-indications to CPI
use. For those who may be bridged to ASCT however,
there is still doubt as to which agent (if any) is associ-
ated with better outcomes following ASCT. It would
seem reasonable to use either agent initially, reserving

the other for use in those who require further treatment
pre-transplant

Limited data exists for re-treating patients who
have discontinued CPI therapy in CR. In the Keynote
087 study, high rates of durable response were seen in
the 20 patients who received a second course of pem-
brolizumab when relapsed after discontinuation (ORR
73.7%, median DOR 15.2 months) [20]. A French study
reported 7 patients re-treated with nivolumab after it
was initially discontinued due to either prolonged remis-
sion or toxicity. All 7 patients responded with 4 achiev-
ing a CR and 3 a PR [29]. In a small single institution
study of 23 patients who discontinued nivolumab in
CR, 11 relapsed and 9 were re-treated with single agent
nivolumab. Three achieved a CR, 3 a PR and 3 an inde-
terminate response [30]. There is clear efficacy therefore
in re-treating patients with PD1 inhibitor if stopped due
to a CR. There is currently no data on whether using a
different PD1 inhibitor or indeed a PDLI1 inhibitor in
this situation is beneficial. Furthermore, for patients not
responding to one CPI, it is unclear whether the use of
a different CPI (for example a CTLA4 inhibitor) will
lead to responses.

CPIl and Chemosensitivity

ASCT has traditionally been reserved for chemosen-
sitive patients due to more favourable outcomes, par-
ticularly in those who achieve a complete metabolic
response (CMR) on PET-CT. However, in the era of
novel agents, this dogma is increasingly challenged.
Studies in non-small cell lung cancer [31, 32] and in
non-Hodgkin lymphoma (NHL) [33] suggest that CPI
may have a chemosensitising effect that may be pro-
longed, and that is not solely determined by the depth
of response to CPI itself. Emerging evidence in cHL
also supports this, with improved chemo-responsiveness
seen after CPI exposure in previously chemorefractory
patients in small, retrospective studies. For example,
Rossi et al reported an ORR of 66% and median PFS
of 11 months in a group of 30 chemorefractory patients
with unsatisfactory prior response (PR or worse) to CPI,
who were then re-treated with chemotherapy (with or
without CPI). Fifteen of the 30 patients were re-exposed
to the same chemotherapy regimen which they have had
previously, 6 of which were refractory. A cohort of 81
multiply R/R cHL patients (median 4 prior lines of ther-
apy before CPI, 49% had prior stem cell transplant),
who received subsequent therapy (44% single agent or
combination chemotherapy) after discontinuing CPI due
to disease progression (65%) or toxicity, achieved ORR
of 62% and median DOR of 5.6 months, compared to
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Current licensed standards in Europe

Supported by phase Il or real world data but not
covered by European label

Nivolumab monotherapy;Pembro-GVD; Pembro-

Combination chemo: GDP, ICE, IGEV, BGEV, ‘
ESHAP, DHAP and others

1stline relapse treatment ‘

ICE;BV-Nivo; BV monotherapy; BV-Benda; BV-

l

ESHAP; BV-DHAP

BV monotherapy,pembro monotherapy, ‘
alternative combination chemo

2ndline relapse treatment’ ‘

Nivo-ICE, BV-Benda

!

\ ASCT

l

BV consolidation up to 16 cycles (not ‘

Consolidation post-ASCT ‘

Pembro monotherapy or BV-nivo(up to 8 cycles)

reimbursed in all territories e.g. England)

BV monotherapy,pembro/ nivo
monotherapy?3, combination chemo

‘ 1strelapse treatment post-ASCT ‘

BV monotherapy,pembro/ nivo
monotherapy, combination chemo

2ndrelapse treatment post-ASCT? ‘

\ AlloSCT

DLI, chemo (monotherapy or combination),
monotherapy,pembro/ nivo monotherapy

BV ‘ Relapse treatment post—AIIoSCT‘

1If inadequate response to 1stline and fit for ASCT; if relapse after 15! line treatment when not fit for ASCT

2If inadequate response to 1strelapse treatment post-ASCT and bridge to alloSCT required; or if relapse after prior line and alloSCT not appropriate

3Nivo is only licensed in Europe as monotherapy and following both ASCT and BV.

BV: Brentuximab vedotin; Benda: Bendamustine; Pembro : pembrolizumab; Nivo: nivolumab; GVD: gemcitabine, vinorelbine, liposomal doxorubicin; GDP:
gemcitabine, dexamethasone, cisplatin; ICE:ifosfamide, carboplatin, etoposide; IGEV: ifosfamide, gemcitabine, vinorelbine, prednisolone; BGEV:bendamustine
gemcitabine, vinorelbine; ESHAP: etoposide, cytarabine, cisplatin; DHAP: dexamethasome, cytarabine, cisplatin

Fig. 1 Various timepoints CPI can be used in the relapsed/refractory setting

2.6 months to the line of therapy given prior to CPI (p =
0.0003). Higher ORR was seen in CPI responders (76%)
compared to non-responders (43%) [34]. The mechanism
underlying a chemosensitising effect is unclear. One
hypothesis is that alteration of the tumour microenviron-
ment (TME) may enable more effective chemotherapy
activity potentially by removing pro-survival signals
emanating from the TME.

Good outcome has been reported with ASCT following
CPI therapy in chemorefractory patients, suggesting that
demonstrating “chemosensitivity” prior to ASCT may not
be necessary. Merryman et al retrospectively reviewed
the outcome of 78 high-risk multiply R/R patients, who
underwent ASCT after CPI therapy [35]. Chemorefrac-
tory disease was common in this cohort, with many con-
sidered poor ASCT candidates (41% had positive pre-
ASCT PET-CT). The outcome was very favourable, with
18-month PFS of 75% in patients who had a positive pre-
ASCT PET-CT. Despite a high rate of BV refractoriness
in this cohort, the outcome is better than that observed
for similarly high-risk patients in the AETHERA trial that
did not receive BV maintenance (18-month PFS ~50%
for entire cohort, 30-40% for patients with 2+ or 3+ risk
factors) [36]. Multivariate analysis showed that lack of
response to CPI therapy (HR, 10.2; p <0.001), but not
pre-ASCT PET status (HR, 2.4; p = 0.13) or an interval
of >20 weeks from CPI to ASCT (HR, 3.4; p = 0.063),
was significant predictors of inferior PFS.
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CPlin First Relapse

At first relapse, a variety of regimens have conventionally
been used, with no randomised comparison to guide prac-
tice. The efficacy of platinum- or gemcitabine-based chem-
otherapy appear similar, with ORR and CR rates ranging
between 70 and 90%, and 50 and 75%, respectively [37-42].
Attaining a complete metabolic response (CMR) pre-ASCT
is of critical prognostic significance [43, 44], and recent
studies incorporating CPI into initial relapse therapy have
aimed to improve CMR rate before ASCT. Removing tra-
ditional cytotoxic agents from regimens may also reduce
long-term morbidities including secondary malignancies,
cardiovascular disease and infertility, which are of particu-
lar significance given the relatively young age of R/R cHL
patients.

CPI, Chemotherapy and Radiotherapy

The addition of CPIs to conventional chemotherapy regimen
resulted in promising efficacy in a small number of phase 2
studies to date. In a high-risk group of patients, pembroli-
zumab and GVD (gemcitabine, vinorelbine and liposomal
doxorubicin) combination demonstrated high efficacy, good
tolerability and high rate of transition to ASCT. Thirty-nine
patients (41% primary refractory, 38% relapsed within a year
of front-line therapy) treated with 2—4 cycles of pembroli-
zumab and GVD as first-line relapse therapy, followed by
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ASCT with or without BV maintenance at investigator’s dis-
cretion showed impressive ORR and CR rates, at 100% and
95%, respectively, with 92% patients in CR after 2 cycles
and 95% proceeding directly to ASCT [45]. A third of the
patients received post-ASCT BV maintenance. With a rela-
tively short follow-up (median 13.5 months), all transplanted
patients remain in remission. There were relatively few
grade 3 AEs, and 13% patients received steroids for irAEs.

In a similar phase 2 study, 42 ASCT-eligible R/R patients
(16 primary refractory) were treated with 3 cycles of pem-
brolizumab and ICE (ifosfamide, carboplatin, etoposide)
chemotherapy plus an additional cycle of pembrolizumab
monotherapy [46]. The ORR was 97.3%, with 86.5% in
CMR post-2 cycles. Ninety-five percent patients proceeded
to ASCT and the median PFS was 26.9 months with a
median follow-up of 27 months. This combination appeared
somewhat more toxic, with 52.3% patients developing grade
3/4 AEs, and there were two grade 5 AEs that were possibly
related to pembrolizumab.

In a PET-adapted approach, 39 patients were given
nivolumab, with those in CMR after 6 cycles proceeding
to ASCT [47]. PET positive patients received 2 cycles of
nivolumab and ICE. After 6 cycles of nivolumab, the ORR
and CR rates were 90% and 77%, respectively. Seven patients
received nivolumab and ICE, all of whom responded with
6 CRs. Tantalisingly, the majority of patients in this study
underwent ASCT without prior cytotoxic chemotherapy at
relapse, although longer follow-up is needed to demonstrate
the durability of this strategy.

In the solid tumour setting, there is data that radiation
could potentially sensitise to checkpoint inhibition via the
induction of immunogenic cell death [48]. Whilst radio-
therapy is a very effective modality for some patients with
relapsed disease, the effect on CPI has not been extensively
studied or reported.

Unsurprisingly, with CPIs’ high overall efficacy and
potential chemosensitising effect, combining with chemo-
therapy resulted in potent efficacy in the first relapse setting.
The optimal timing of CPI and chemotherapy (sequential
versus combination), however, remains to be established.

CPland BV

With impressive single-agent activity, BV and CPI combina-
tion therapy is an obvious follow-on strategy that has been
tested in an open-label phase I/II trial. Single agent BV, used
in the first relapse setting, has a CR rate of 27 to 35%, with
27 to 48% able to proceed directly to ASCT [49-51]. In a
phase 1/2 study, 61 R/R cHL patients whose disease pro-
gressed after first-line therapy were treated with 4 cycles of
BV and nivolumab, followed by ASCT as per investigator’s
discretion [52]. ORR and CR were 85% and 67%, respec-
tively. Ninety-two percent proceeded to ASCT with 74%

did so directly following completion of 4 cycles of BV and
nivolumab, whilst the remainder did so following additional
relapse therapy. Responses were durable, with estimated
3-year PFS of 77% overall, 91% in those who proceeded
directly to ASCT with extended follow-up (median 34.3
months). Combination treatment was well tolerated, with
92% completing all 4 cycles (2 patients discontinued due
to AEs). Most TRAEs were low grade, with nausea (52%)
and infusion-related reactions (IRR) (43%) being most com-
mon. Grade 3/4 AEs included pneumonitis (3%), rash (1%),
raised AST (1%), diarrhoea (1%) and Guillain-Barre syn-
drome (1%). Eighteen percent patients experienced irAEs
requiring steroid therapy.

In this high-risk cohort enriched for primary refractory
(44%) and early relapsed (30%) cHL, BV and nivolumab
combination provided an effective bridge to ASCT in the
majority of patients and was well tolerated, offering a
“chemotherapy-free” alternative. Response rates appear to
be superior in combination. A phase 2 trial (CheckMate-744)
in 5 to 30 years old with R/R cHL is currently ongoing,
evaluating a risk-stratified, response-adapted approach using
nivolumab and BV and, for patients without CMR, BV and
bendamustine. Preliminary results showed a promising CMR
rate of 88% pre-ASCT, 59% after nivolumab and BV alone
[53]. Randomised studies are needed to reliably determine
comparative efficacy with established regimens and CPI-
chemotherapy combinations.

CPI Therapy and Allogeneic Stem Cell
Transplant

CPI Prior to alloSCT

Historically, patients who relapse after ASCT have poor
prognosis, with median survival of 2 years or less [9-12].
Whilst CPIs have been a major breakthrough in this set-
ting, it is clear from extended follow-up that the majority of
patients will relapse within 1-2 years of starting CPI therapy
[22, 23, 54]. AlloSCT remains the only treatment modality
with curative potential, with 3-year relapse-free survival of
40% in those transplanted post-2000 in a meta-analysis of
38 studies (n = 1850) [55].

However, soon after the introduction of CPI therapy as
a bridge to alloSCT, reports emerged relating to increased
risk of fatal hyper-acute graft-versus-host-disease (GVHD),
non-infectious febrile episodes requiring corticosteroids
and other irAEs [56, 57]. This is perhaps unsurprising, as
immune checkpoints are normal regulatory mechanisms
that limit T-cell-mediated immune responses and maintains
T-cell self-tolerance. With their long half-life, residual
PD-1 inhibition in the peri-alloSCT period could poten-
tially enhance donor T-cell responses, which could not only
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augment the graft-versus-lymphoma (GVL) effect, but also
increase the incidence or severity of immune complications.
Over the last 5 years, a number of small, retrospective stud-
ies reviewed the safety and efficacy of alloSCT in patients
treated with CPI. A summary of these studies can be found
in Table 1 [58-67].

Merryman et al (2017) retrospectively reviewed the
outcome of 39 patients (79% cHL, 21% NHL) previ-
ously treated with CPI at a median time of 62 days before
alloSCT, using both related and unrelated donors and sev-
eral different GVHD prophylactic regimens [18e]. Whilst
the overall incidence of acute and chronic GVHD did not
appear to differ significantly to expected, the incidence of
grade 4 aGVHD appears higher than prior studies (13%
vs 3—4%) [68—72]. Three out of 4 treatment-related deaths
were from a particularly rapid form of aGVHD, which is
rare after reduced-intensity conditioning (RIC) alloSCT.
In addition, 7 patients (18%) developed a non-infectious
febrile syndrome shortly after transplant requiring pro-
longed courses of steroids. Despite increased acute toxic-
ity, the rate of non-relapse mortality (NRM) (11%) was
not appreciably higher than previously published series in
similar patient groups. CPI therapy may be associated with
lower-than-expected relapse rate, as a lower 1-year cumu-
lative incidence of relapse (CIR) (14%) was observed here
compared to many historical series of cHL patients under-
going RIC alloSCT [68, 70]. However, such cross-study
comparison is likely confounded by baseline differences
in the study cohorts. The duration of time between the last
dose of CPI and alloSCT (>60 days vs <60 days) did not
significantly affect 1-year rates of OS, PFS, CIR, NRM or
the incidence of GVHD or febrile syndrome. Patients who
received bone marrow grafts (n = 11) appear to have had
lower rates of grade 3—4 aGVHD compared to patients
who received peripheral blood stem cells (n = 28) (0%
vs 32%). Based on this limited evidence, the use of bone
marrow grafts in the post-CPI setting may be preferable.
There were no significant differences based on GVHD
prophylaxis regimen in this study.

A larger pooled analysis of 6 studies comparing patients
undergoing alloSCT after CPI (n = 122, 2015-2017) to
those who were not exposed to CPI (n = 978, 2015-2018)
[58] also reported a higher rate of grade 3—4 aGVHD in
those with prior exposure to CPI (28% vs 8%, p = 0.02), but
no significant difference in cGVHD or NRM at 6 months.
Here, no association was found between the number of
cycles of CPI prior to alloSCT or days from last administra-
tion of CPI to alloSCT and grade 3—4 aGVHD.

The effects of CPI appear to be long-lasting. In one
study, nivolumab was detectable and its presence was
associated with lower percentage of PD-14 T-cells in
the plasma of previously exposed patients post-alloSCT,
despite a median time of 83.5 days since the last dose

@ Springer

[67]. In another study, PD-1 expression was significantly
decreased across all T-cell subsets up to 6 months post-
alloSCT, despite a median time from last CPI therapy
to transplant of 148 days [59]. The long-lasting effect
of CPI therapy may explain the absence of any apparent
association between the time interval from CPI therapy
to transplantation and early toxicity. A period of delay of
even several months may not mitigate the impact of CPI
on alloSCT outcomes. However, despite the lack of sup-
porting evidence, a working group recommended holding
CPI therapy for 6 weeks before alloSCT and this remains
common practice [73].

The prophylactic regimen used is well-known for influ-
encing the frequency and severity of GVHD. Post-transplant
cyclophosphamide (PTCY) has been a very effective pro-
phylactic regimen for reducing GVHD in other transplant
settings associated with an increased risk of GVHD [65].
Emerging data suggest that PTCY may reduce aGVHD in
the post-CPI setting.

In a group of 25 patients who received CPI (median 9
cycles) at a median interval of 59 days prior to alloSCT,
aGVHD was less frequent and less severe (100-day
cumulative incidence of grade I-IV GVHD was 25% vs
88.2%, grade III-1V GVHD 0% vs 23.5%) in patients
who received PTCY prophylaxis (n = 8) compared to
those who did not (n = 17) [63]. A shorter interval (<
84 days) between the last dose of CPI and alloSCT (p
= 0.11) and no PTCY use (p = 0.13) showed a non-
significant association with higher risk of grade II-1V
aGVHD. Nieto et al (2020) noted differential early
T-cell response (more effector T-cell, higher propor-
tion of IFN-gamma producing T-cells) after alloSCT in
patients pre-exposed to nivolumab compared to those
who did not. However, this was seen only when tac-
rolimus/sirolimus but not PTCY was given as GVHD
prophylaxis, offering some mechanistic insight into the
observation that PTCY prophylaxis is associated with
lower incidence and severity of aGVHD.

Data to date point to an association between prior CPI
exposure and increased incidence and severity of acute but
not chronic GVHD post-alloSCT. The NRM appears unaf-
fected and the CIR may be reduced. There is conflicting
evidence whether the incidence and severity of aGVHD
are affected by the time interval between CPI exposure and
alloSCT, with some data suggesting that delaying alloSCT
may reduce aGVHD, whilst others hint at a prolonged, long-
term effect post-CPI exposure. There is limited evidence
suggesting that PTCY prophylaxis may modify the early
T-cell response post-transplant, and reduces the incidence
and severity of aGVHD in those with prior CPI exposure.
Larger studies are required to confirm this and to determine
whether this strategy achieves the right balance between
GVH and GVL effects.
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CPI Post-alloSCT

CPI treatment post-alloSCT, whilst effective (ORR
~70%), appears to be associated with the rapid devel-
opment of aggressive treatment-emergent GVHD (teG-
VHD), even in those without a prior history of GVHD.
In a group of 20 patients who received CPI (median
8 cycles,) at a median of 589 days post-alloSCT, teG-
VHD was observed in 50% patients, and irAE in 55%,
which was considerably higher than that reported in non-
alloSCT patients [63]. Fifty-five percent patients required
treatment discontinuation due to tetGVHD or irAEs. At
the start of CPI therapy, 65% and 45% patients had a past
history of aGVHD and cGVHD, respectively, but GVHD
was active in only 5% and 20% patients, respectively.

When a group of 20 cHL patients who relapsed after
alloSCT was given nivolumab (median 8 cycles), GVHD
occurred in 6 patients (30%) a week after nivolumab ini-
tiation and 2 died as a result of GVHD [61]. All 6 patients
had prior history of acute GVHD. Time between alloSCT
and nivolumab treatment was significantly shorter in
patients who presented with nivolumab-induced GVHD
(median 8.5 months vs 28.5 months).

Finally, after a group of 31 lymphoma patients (30
cHL) were treated with CPI at a median of 2.2 years
post-transplant, 17 patients (55%) developed GVHD
(severe in 9/17) after a median of 1-2 cycles, including
5 with no prior history of GVHD. Only 2 of these 17
patients achieved CR to GVHD treatment, and 14 of 17
required >2 systemic therapies. There were 8 (26%) death
related to new-onset GVHD after CPI therapy, including
5 associated with hepatic GVHD that is typically rare
after alloSCT. Whilst effective, post-alloSCT CPI therapy
should be used with caution, particularly in those with
early relapse.

Given concern over the risk of severe aGVHD and
other irAEs with alloSCT post-CPI therapy, patient
selection is key in identifying those likely to ben-
efit from alloSCT. Extended follow-up of the Check-
Mate-205 and KEYNOTE-087 trials have shown long-
term remission in a sizeable minority of CPI-treated
patients [23, 27]. The 3-year PFS was 18.8% in KEY-
NOTE-087, and the 5-year PFS was 18% in Check-
Mate-205. Twelve patients in cohort C of the Check-
Mate-205 trial stopped nivolumab after > 1 year of
CR. After a median of 48 months from last treatment,
6 patients remain in response: 3 were re-treated with
nivolumab after disease progression, 2 achieving CR and
1 achieving PR [23]. In a cohort of 11 patients who dis-
continued nivolumab whilst in CR (including 7 patients
who had prolonged remission [median treatment dura-
tion 13.8 months] and 4 patients who experienced tox-
icity [including 3 post-alloSCT)) [74], 80% remains in
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CR after a median follow-up of 21.2 months, with half
having been off treatment for more than 21 months. The
decision whether a patient responding to CPI should
continue treatment, stop treatment or proceed to alloSCT
consolidation remains a challenging one.

Future Directions
Restoration of Sensitivity CPI

With the current trend of incorporating CPIs at increas-
ingly earlier point in the disease course, patients with R/R
cHL will become increasingly resistant to CPIs. An inter-
esting new area of development is the use of epigenetic
modifying drugs — DNA hypomethylating agents (HMA)
and histone deacetylase inhibitors (HDACi) to enhance
the efficacy and restore sensitivity to CPIs. Several small
cohort studies have shown that the addition of HMA or
HDAC: to CPI treatment increases CR rate. Combination
therapy with camrelizumab (a new CPI) and decitabine
led to a higher CR rate (71%) compared to camrelizumab
monotherapy (23%) in a group of CPI naive, Chinese
patients with R/R cHL [75]. Falchi et al (2016) treated
10 multiply R/R cHL patients with CPI [76]. Five out
of the 10 patients had prior exposure to azacitadine and
romidepsin on a phase I clinical trial. All 5 azacitidine/
romidepsin treated patients achieved CR, compared to
2 out of 4 patients without prior azacitidine/romidepsin
exposure. Herrera et al (2019) treated 12 cHL patients with
pembrolizumab and vorinostat. Eleven of the 12 patients
had prior BV and 7 had prior CPI, including 3 who were
refractory to CPI [77]. An impressive 100% ORR and 44%
CR rate was seen in this cohort. These small studies sug-
gest a synergistic effect between HMA/HDACIi and CPI.
Larger studies are required to explore their potential in the
R/R cHL treatment algorithm.

New CPIs

Multiple new PD-1 inhibitors are currently in development
with preclinical studies showing structural differences to
existing PD1 inhibitors. For example, tislelizumab binds
to a unique epitope on PD1 and displays a markedly
slow dissociation rate [78]. Impressive response rates of
~80% and CR rate ranging from 30 to 60% in single-arm
phase 2 studies have been reported [78—81]. Both tisleli-
zumab and camrelizumab demonstrated durable responses
(median DOR 31.3 and 31.7 months, respectively), but
frequent TRAEs and irAEs (45.7% and 98.7%, respec-
tively), the majority of which were grades 1/2 [80-82].
Camrelizumab has a particularly unique toxicity profile
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with reactive cutaneous capillary endothelial prolifera-
tion (RCCEP) seen in 97% of participants in the phase II
trial in relapsed Hodgkin lymphoma [82]. This unusual
toxicity profile underscores that not all PD1 inhibitors are
the same. Whilst the response rates appear impressive, it
is worth noting the significant difference in the baseline
characteristic of the study population in these trials com-
pared to CheckMate-205 and KEYNOTE-087. Over 80%
of these patients had not received a prior ASCT and less
than 10% had prior BV. Ethnic difference in response to
CPI therapy also cannot be excluded. Head-to-head com-
parison is ideally needed to see if they are truly more effi-
cacious than CPIs in established use.

Conclusions

CPIs have greatly expanded the treatment options for
patients with R/R cHL, demonstrating efficacy at all
points in the disease course. The plethora of recent
studies, often small and non-randomised, has raised
many questions about how to optimally integrate
these drugs into clinical practice. The ability to use
CPIs at different stages of the R/R cHL pathway also
frequently depends on the licensing status and reim-
bursement mechanisms within the geographical region
of the treating centre. For example, the FDA license
for pembrolizumab for adults is for R/R cHL without
specifying the number of prior lines of treatment or
possible combination partners. In Europe, however, the
label specifies monotherapy after 2 more prior lines
(or relapse after ASCT). With this in mind and in the
absence of a clinical trial, it is the authors’ practise to
use pembrolizumab monotherapy or BV after failure of
Ist-line relapse chemotherapy, utilising potential che-
mosensitisation to bridge to ASCT, or nivolumab mono-
therapy after ASCT (assuming the patient has received
prior BV). For those unfit for ASCT, we would use PD1
inhibitors prior to BV generally as it is associated with
a longer PFS in a randomised trial. Whilst active when
used following an alloSCT, clearly caution needs to be
exercised due to the significant incidence of emergent
GVHD. Routine use of these agents in this setting would
not be recommended. Current data suggest that using
CPIs early on, such as at first relapse alone or in combi-
nation with chemotherapy or BV, may result in excellent
outcomes. Randomised studies, however, are required in
order for CPIs to be approved and reimbursed for earlier
lines of treatment in multiple countries. Whilst cHL is a
relative uncommon disease-making randomised studies
challenging, the successful and timely completion of

KEYNOTE-204 and AETHERA demonstrate that such
studies are feasible with international collaboration.
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