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ABSTRACT

Classic Hodgkin lymphoma (cHL) is associated with excellent cure rates with
front line therapy; however, relapses occur in about 10-20% of patients.
Salvage therapy and autologous stem cell transplant is the standard of
care treatment approach for relapsed/refractory cHL resulting in cure
rates of 50-60%. Relapse rates are higher for patients with certain high-
risk features. Addition of post-transplant consolidation brentuximab
vedotin (BV) has led to significantly higher 5 year progression free survival
rates of 60%. Patients who progressed after autologous stem cell
transplant had overall survival of 2-3 years. cHL is remarkably sensitive to
PD-1 inhibitors, due to overexpression of PD-L1 on Hodgkin Reed
Sternberg cells that interact with PD-1 on immune effector cells in the tumor
microenvironment. Studies have also shown that PD-1 inhibitors may
increase naive T cells in peripheral blood and recruit them to cHL tumor
microenvironment to facilitate anti-tumor responses. PD-1 inhibitors
containing salvage regimens have led to response rates approaching 90-
100% in relapsed/refractory cHL. Patients who undergo autologous
transplant immediately after PD-1 inhibitor-based therapy have 2 year
progression free survival of ~93%, which is significantly higher than
patients who undergo autologous transplant after chemotherapy or BV
based regimens. Even in patients who undergo autologous transplant in
complete response, PD-1 inhibitor-based therapy prior to autologous
transplant is associated with post-transplant PFS of 97%, significantly
higher than chemotherapy or BV. This finding raises the possibility that PD-
1 inhibitors may induce cure in relapsed/refractory cHL, not just by
improving depth of response but also by affecting post-transplant immune
reconstitution. The remarkable outcomes of PD-1 inhibitors in
relapsed/refractory cHL raises a question whether these patients can be
cured without autologous transplant. Future large randomized clinical trials
are needed to answer this question.
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Introduction:

In 2023, ~9000 Americans were diagnosed with classic
Hodgkin lymphoma (cHL), 95% of newly diagnosed
patients were young adults.! Frontline treatment chemo
immunotherapy cured up to 70-80% of patients with cHL,
unfortunately 5-10% of patients are refractory to
frontline chemo immunotherapy and 10-20% relapse
after achieving an initial remission.24 For transplant-
eligible patients with relapsed/refractory classic
Hodgkin lymphoma (R/R cHL), salvage chemotherapy
and autologous stem cell transplant are considered
standard of care.5-8 Prior to the advent of novel agents,
this approach cured 50-60% of patients with R/R cHL.5-8
Patients who are refractory to frontline therapy, relapse
within a year, have extra nodal disease, who require
more than 1 line of salvage therapy and those who
undergo transplant in partial response have a higher risk
of relapse. The risk of relapse in this population
approaches 50-60%.5: 9-12

Various platinum based salvage chemotherapy regimens
such as ifosfamide, carboplatin and etoposide (ICE);
dexamethasone, cytarabine, cisplatin (DHAP); or
etoposide, cytarabine, cisplatin (ESHAP) lead to complete
response rates of 40% as assessed by CT scan and 3
year PFS of ~50% post autologous stem cell transplant
(ASCT).6 13, 14 The addition of an anti-CD30 antibody-
drug-conjugate brentuximab vedotin (BV) to ICE resulted
in an improved overall response rate of 69% with 2 year
event free survival (EFS) of 91%.15 Combination of BV
with bendamustine led to complete response rates of
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75% and 3 year EFS of 67%.'¢ The addition of BV
maintenance for 1 year post-ASCT In high-risk patients,
improved 5 year PFS from 40% in the placebo treated
patients to 60% in the BV treated patients.10

Outcomes of patients who progress after autologous stem
cell transplant were dismal in the era prior to advent of
PD-1 inhibitors and BV.1".17. 18 Prior to advent of PD-1
inhibitors and BV, multiple studies have reported median
overall survival of 2-3 years in patients of cHL who
progress after ASCT.11.17.18

PD-1 inhibitors, such as pembrolizumab and nivolumab,
have shown remarkable activity in R/R cHL. Studies
incorporating PD-1 inhibitors have shown encouraging
outcomes. Here, we review mechanism of action of PD-1
inhibitors, key studies incorporating PD-1 inhibitors in R/R
cHL and outcomes of R/R cHL in the era of PD-1 inhibitors.

Mechanism of action of PD-1 inhibitors:
PD-1/PDL-1 axis and role of CD4+ helper T cells in
pathobiology of cHL:

Programmed cell death- 1 (PD-1) is a transmembrane
protein receptor that is expressed on T cells. PD-1
mediates negative regulation of T cells, suppresses T cell
activation and promotes T cell exhaustion. Programmed
cell death-ligand 1 (PD-L1) is expressed on malignant
cells, including Hodgkin Reed Sternberg (HRS) cells. PD-
1/PD-L1 interaction results in reduced phosphorylation of
T cell receptor signaling molecules, decreased cytokine
production and consequent T cell suppression (figure 1) 19
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Figure 1: PD-1/PD-L1 axis in cHL. PD-1/PD-L1 axis will drive Tu1 cell suppression as well as send retrograde growth
and survival signals to HRS cells. Abbreviations: Th1; T-helper 1 polarized T cells, TCR; T cell receptor, MHC-II; major
histocompatibility complex class Il, HRS; Hodgkin Reed Sternberg cells.

Hodgkin Reed Sternberg (HRS) cells is the malignant cell
of cHL, and comprises <5% of tumor tissue in cHL. HRS
cell is surrounded by immune effector cells such as
macrophages and tumor infiltrating lymphocytes 20, HRS
cells have high surface expression of PD-L1 due to
amplification of the 9p24 gene locus (figure 1) 21,
Interaction of PD-L1 and PD-1 leads to suppression of T
cell antitumor responses and sends retrograde signals of
growth and survival to HRS cells 2223, This PD-1/PD-L1-
mediated T cell suppression in cHL appears to involve

CD4-positive helper T cells 24, An evaluation of the
immune infiltrate in cHL tumor biopsies has revealed high
numbers of PD-1 positive T-helper (Th) cells surrounding
HRS cells. PD-1/PD-L1 interaction promotes these cells to
differentiate into regulatory T cells (Treg) rather than T-
helper 1 (Th1) polarized cells 25-28, Engagement of PD-L1
with surface PD-1 promotes plasticity of fully
differentiated Tu1 towards regulatory T cells (Treg) that
drive immune exhaustion, immune tolerance, and anti-
tumor effects 2526, By binding to PD-1 on immune effector
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cells, PD-1 inhibitors interrupt these signals and promote
antitumor effects.

Effect of PD-1 inhibitors on peripheral
blood immune repertoire to facilitate

antitumor response:

Translational studies on patients receiving PD-1 inhibitors
show that antitumor effects are not generated by
reversing immune exhaustion of pre-existing Tu cells but
by recruitment of new, naive, unexhausted Th cells to the
tumor microenvironment, which then drive anti-tumor
response 29. Mass cytometry (CyTOF) and single cell RNA
sequencing (scRNAseq) conducted on tumor tissue and
peripheral blood samples of patients receiving PD-1
inhibitors show recruitment of newly immigrant CD4+ Ty
cells from peripheral blood to the tumor
microenvironment, rather than expansion of pre-existing
intratumoral CD4+ Ty cells 2°. These naive, tumor specific
CD4* Th cells are present in the peripheral blood pre-
treatment and are recruited to the tumor
microenvironment during PD-1 inhibitor therapy 29. In
peripheral blood of lymphoma patients receiving PD-1
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inhibitors, CyTOF analyses evaluating CD4+ T cells
differentiation has shown increasing population of
CD62L+CD127+CD27+ early stage T  cells,
CCR7+CD45RO- naive T cells, CCDR7+CD45RO+
central memory T cells and CCR7-CD45RO+ effector
memory T cells and this expansion correlates with PD-1
responsiveness (figure 2) 30. 31, On the other hand,
patients who progress on PD-1 inhibitors were more likely
to have CD45RO-CCR7- terminally differentiated T cells,
TIM-3+, CD70+ exhausted T cells or KLRG 1+ short-lived
effector T cells 31-34. T cell receptor (TCR) diversity, which
reflects the number of individual T cell clones capable of
recognizing distinct antigens also increases in the
peripheral blood of patients receiving PD-1 inhibitors
and correlates with response 30, Expansion of these new
singleton T cell clones correlate with expansion of naive,
early and central memory T cells, suggesting that new T
cell clones are more likely to be naive, unexhausted T
cells 39, Thus, the population of naive, unexhausted T cells
in the peripheral blood increases during PD-1 inhibitors
treatment and these cells are then recruited to the cHL
tumor microenvironment to exert antitumor effects.
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Figure 2: Peripheral blood immune repertoire and correlation with PD-1 response. Patients who respond to PD-1 inhibitors
have expansion of early, naive, central memory and effector memory T cells while patients who progress have higher

numbers of terminally differentiated and exhausted T cells.

Clinical Trials of PD-1 inhibitors in classic
Hodgkin lymphoma (cHL):

PD-1 inhibitors such as nivolumab and pembrolizumab
are the most extensively studied checkpoint inhibitors in
cHL and are FDA approved for this indication. Single
agent nivolumab was first studied in patients with R /R cHL
who had received 2 or more prior lines of therapy
including ASCT.35 In this heavily pre-treated patient
population, which included patients who underwent ASCT,
nivolumab led to overall response rate (ORR) of 87% and
24 week PFS rates of 86%.3%5 Single agent
pembrolizumab was studied in a similar population of
R/R cHL patients and led to ORR of 71.4% and CR rate
of 27.6%.3¢ Median PFS was 13.7 months.3¢
Pembrolizumab was compared to brentuximab vedotin
(BV) in a randomized phase 3 trial in patients of R/R cHL

who has received 2 or more prior lines of therapy
including ASCT.37 In this study, pembrolizumab led to
significantly longer median PFS of 13.4 months compared
to BV which had median PFS of 8.3 months.3” These early
trials led to the FDA approval of nivolumab and
pembrolizumab in R/R cHL.

PD-1 inhibitors in treatment-eligible relapsed/
refractory classic Hodgkin lymphoma (cHL): changing
treatment paradigm

Encouraging results in heavily pre-treated patients who
relapsed after or are ineligible for ASCT led to clinical
trials assessing efficacy of pembrolizumab and
nivolumab in second-line salvage setting for transplant-
eligible patients of cHL who are refractory to or relapsed
after frontline treatment.38-42 Table-1 presents details of
study design, patient characteristics and outcomes of the
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major clinical trials in this setting. In these clinical trials,
response rates to PD1- inhibitors based salvage therapy
ranged from 70-100% and 60-90% patients achieved
CR. In patients who successfully underwent ASCT after
PD1- inhibitor-based therapy the PFS approached 97%

at 2 years. Thus, PD-1 inhibitor-based salvage therapies
have remarkable efficacy in transplant-eligible patients,
although, randomized trials comparing them to
chemotherapy based or BV based regimen are lacking
at this point.38-42

Table 1: Clinical trials evaluating checkpoint inhibitors-based salvage regimen.

Study Design Regimen Study Response rates % Survival
Reference population (N, %) underwent
ASCT
Advani et Single arm, BV/Nivo R/R cHL ORR 77 /91 67/91 3- year PFS 77%,
al. Ref 38 phase 1/2 after 1 prior | (85%), (73%) 91% in patients who
line of CR 61/91 (67%) underwent ASCT, 3-
therapy year OS was 93%
Moskowitz Single arm, Pembro- R/R cHL ORR 38/38, All patients | All alive and in
et al. Ref phase 1/2 GVD after 1 prior | 100%; CR remission over median
39 line of 36/38 (95%) follow up of 13.5
therapy months
Mei et al. Single arm, Nivo-ICE R/R cHL ORR 39/42 33/42 2-year PFS 72%, 2-
Ref 40 phase 2 after 1 prior | (93%); CR (78.5%) year PFS 95% in
line of 38/42 (91%) patients who directly
therapy underwent ASCT, 2-
year OS 95%
Locke et al. | Single arm, Pembro-ICE | R/R cHL Total 42 40/42, 2-year PFS 87.2%,
Ref 41 phase 2 after 1 prior | patients, 37 95.2% 2-year OS 95.1%
line of evaluable. ORR
therapy 36/37,97.3%,
CR 26/37,
89.2%
Diefenbach | Two-arm, BV/Nivo/ipi | R/R cHL ORR 88% in both | -- 24 months DOR rates
et al. Ref randomized, | vs BV/Nivo after 1 prior | arms, 72.9% for BV /Nivo,
42 phase 2 line of CR 60.7% in 82.4% for
therapy BV/Nivo and BV /Nivo/Ipi
66.7% in (p=0.554)
BV /Nivo/lpi

Abbreviations: N; number, %, percentages, BV; brentuximab vedotin, Nivo; nivolumab, Ipi; ipilimumab, R/R cHL;
relapsed or refractoty classic Hodgkin lymphoma, ICE; chemotherapy combination of ifosfamide, carboplatin, etoposide;
GVD; chemotherapy combination of gemcitabine, vinorelbine and doxil, ORR; overall response rates, CR; complete
response rates, DOR; duration of response, PFS; progression free survival, OS; overall survival.

PD-1 inhibitors in treatment-naive classic Hodgkin
lymphoma (cHL): changing treatment paradigm

Due to remarkable activity in R/R cHL, PD-1 inhibitors
were investigated in treatment-naive cHL38 In a
randomized phase 3 trial of treatment-naive cHL,
nivolumab in combination with adriamycin, vinblastine
and dacarbazine (N+AVD) has shown excellent PFS of
94% at 1 vyear, significantly higher than BV in
combination with AVD (86% PFS at 1 year).#3 Movement
of PD-1 inhibitors in frontline treatment of classic Hodgkin
lymphoma creates an investigative need for patients who
have progressive disease on PD-1 inhibitors. Therefore,
novel strategies will be needed to improve outcomes of
patients who progress on PD-1 inhibitors.

Outcomes of relapsed/refractory classic
Hodgkin lymphoma (cHL) in the era of PD-

1 inhibitors: real-world evidence

In the absence of randomized controlled trials, real-world
evidence provides some insights into the comparative
efficacy of PD-1 inhibitor-based salvage therapy and
other approaches.#4 45 In a multicenter study of 946 R/R
cHL patients who underwent ASCT, PD1- inhibitor-based
first salvage therapy was associated with significantly

higher 2-year event free survival (EFS: 79.7%),
compared to chemotherapy based (2 year EFS 49.6%)
or BV+chemotherapy (2 year EFS 62.3%).45 In patients
who underwent ASCT after first salvage therapy, PD-1
inhibitor-based therapy was associated with significantly
higher 2-year PFS of 98% compared to patients who
received chemotherapy (2-year PFS 68.8%, or
BV+chemotherapy (2-year PFS 84 9%,).45 In another
cohort of 986 R/R cHL with a larger population of PD-1
inhibitor treated patients, PD-1 inhibitor-based salvage
therapy prior to ASCT was associated with significantly
higher 2-year PFS of 93.1% compared to chemotherapy
based (2-year PFS 71.6%) or BV-based salvage therapy
(2-year PFS 73.9%).44 Although the type of salvage
chemotherapy was associated with an improved EFS and
PFS, the type of salvage therapy was not significantly
associated with overall survival in either of these
studies.44 45 Overall survival exceeded 90% in all
treatment arms.44 45 Notwithstanding inherent limitations
such as exclusion of patients who could not be bridged to
transplant and the retrospective nature, both these
studies generated an important hypothesis and provided
practice-informing insights into treatment paradigm of
R/R cHL in the absence of randomized clinical trials.
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Real-world evidence suggests that the PFS benefit of
PD1- inhibitors is independent of treatment response. In
the subgroup of patients who achieved complete
metabolic response (CMR) prior to ASCT, PD-1 inhibitor-
based salvage therapy at any point prior to ASCT was
associated with significantly higher 2-year PFS of 97.7%
compared to patients who received chemotherapy alone
(2-year PFS of 78.4%,) or BV based salvage regimen (2-
year PFS of 82.6%).44 These findings highlight the
efficacy of PD-1-based salvage regimens on achieving
remission and cure beyond improving depth of tumor
response.

Outcomes of patients who progress after
autologous stem cell transplant in PD-1

era:

R/R cHL patients who progress after ASCT or are
ineligible to receive ASCT have incurable disease. Before
the advent of novel agents including PD-1 inhibitors, these
patients had median overall survival of 2-3 years.'!. 17,
18,46 The improvement in disease response and duration
of response with PD-1 inhibitors and BV has led to the
improvement in overall survival in this population.!7: 18, 47
In two independent multicenter studies of R/R cHL
mentioned above, median OS of patients who
progressed after ASCT approached 10 years and 5
year OS was approaching 60%.47: 48 In addition,
sequencing of therapies mattered. Patients who received
PD-1 inhibitors first at the time of progression had a
significantly higher 5-year post-progression overall
survival (PPS) of 77% compared to patients who received
BV (5-year PPS of 63%) or chemotherapy (5-year PPS
of 49%).47 Thus, the outcomes of patients who progress
after ASCT are remarkably better in the era of PD1-
inhibitors.

Future Directions:

Role of autologous stem cell transplant in
relapsed/refractory classic Hodgkin lymphoma (cHL):
As PFS rates approach 90% at 2 years for R/R cHL
patients who receive PD-1 inhibitors prior to ASCT,
question arise whether some of these patients could be
cured without ASCT. This question was addressed in a
single arm phase 2 trial that assessed efficacy of
pembrolizumab in combination with GVD (Pembro-GVD)
chemotherapy followed by pembrolizumab maintenance
in transplant-eligible R/R cHL patients.4? In this study, R/R
cHL patients who progressed after 1 prior line of therapy
were enrolled to receive 4 cycles of Pembro-GVD
followed by 1 year of pembrolizumab maintenance.4®

Pembro-GVD resulted in 90% CR rates in this
population.4? Two-year PFS in all patients was 51%. All
but 1 patient who progressed were able to successfully
be bridged to ASCT.#° Stage IV disease at enrollment
was associated with higher risk of progression. Although
not confirmed in a large randomized trial, it seems that
ASCT is necessary to achieve optimal cure rates in R/R
cHL.4?

PD-1 inhibitor-resistant classic Hodgkin lymphoma
(cHL):

The movement of PD-1 inhibitors in frontline will result in
a population of R/R cHL patients with PD-1 inhibitors
resistant disease. Therefore, studies evaluating novel
strategies and outcomes in patients who progress after
PD1-inhibitors based therapy are more relevant now
than ever. In a real-world retrospective study of patients
who are refractory or intolerant to BV and PD-1
inhibitors, median overall survival was 7.4 years after
progression or intolerance to BV and PD-1 inhibitors.
75% of patients were refractory to both BV and PD-1
inhibitors.50 Retreatment with PD1 inhibitors can also be
efficacious. Outcomes of R/R cHL patients who achieved
CR after pembrolizumab monotherapy, discontinued
pembrolizumab in CR and experienced disease relapse,
were assessed in a long term follow up analyses of
KEYNOTE-087 study.5? In 20 patients who were re-
treated with pembrolizumab, median duration of first CR
to pembrolizumab was 27.2 months.57 19 patients were
evaluable for response at data cut off and ORR was
73.7% (14 out 19) with pembrolizumab retreatment. The
median duration of response was 15.2 months.57 Seven
(36.8%) patients achieved CR.5' These findings highlight
feasibility of re-treatment with pembrolizumab in R/R
cHL patients who relapse after prior remission.
Incorporate investigational agents with PD-1 inhibitors in
order to re-sensitize cHL microenvironment to PD-1
inhibitors is being studies in ongoing clinical trials. Results
of these studies will be practicing informing. 52-54

Conclusion

PD-1 inhibitors have changed the treatment landscape of
cHL. PD-1 inhibitor-based treatment is now considered
standard of care both in the frontline, salvage and post
ASCT setting. Their use not only improves the depth of
response but is also associated with improvement in PFS.
This improvement is felt to be associated with the increase
of naive unexhausted T cell in the peripheral blood being
recruited to the cHL tumor microenvironment to exert an
antitumor effect. Despite the use of PD-1 inhibitors, ASCT
is still necessary to achieve optimal cures.
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