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m Immune checkpoint inhibitors (ICIs) have demonstrated remarkable response rates in

relapsed or refractory Hodgkin lymphoma (HL). Still, most patients eventually progress.

: ?I'h(.a cumulative Patterns of progression after ICIs are not well described and are essential to defining the
|nC|denc§ o [eeslaily role of local therapies in combination with ICIs. We identified patients who received ICIs for
E::i?a ﬁzs\l/\c:irt]hfc:)rre-l cl HL between 2013 and 2022. Fludeoxyglucose-18 positron emission tomography (FDG-PET)
limited disease was before initiating ICI and at progression on/after ICI were reviewed, and areas of active HL
34%. were recorded. An exploratory analysis of treatable progression included patients with <5

sites of disease on pre-ICI FDG-PET and progression only at pre-ICI sites. Ninety patients

were identified; 69 had complete records, and of these, 32 (52%) had relapsed at ICI
initiation, 17 (25%) were refractory, and 16 (23%) received ICI as first-line therapy.

Forty-five of 69 patients had <5 sites of disease (limited) on pre-ICI FDG-PET. Patients with

preventing relapse >5 sites of disease had a higher risk of progression, and every site of disease >5 sites

could be as high as 1 conferred an additional 1.2x higher chance of progression. At a median follow-up of 4.0

in 3. years, 41 of 69 patients had progressed on/after ICIs (cumulative incidence 66.4%), and of

these, 22 of 41 patients progressed only at pre-ICI sites (cumulative incidence 39.4%). In an
exploratory analysis, the cumulative incidence of a treatable progression among 45 patients
with limited disease was 34%. The cumulative incidence of any progression among this

« Patients with limited
disease may benefit
from consolidative RT,
as the potential for

cohort was 58.9%. More than one-third of patients with limited disease before ICIs
experienced progression only at pre-ICI sites of disease. These patients could be candidates
for radiation during or after ICIs.

Introduction
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Hodgkin lymphoma (HL) is sensitive to chemotherapy and radiation therapy (RT) and is often cured
using these modalities." However, about 10% of patients will relapse or harbor refractory disease and
will require escalation to high-dose chemotherapy (HDC) and stem cell rescue, with or without bren-
tuximab consolidation.” About 50% of people who undergo autologous stem cell transplant (ASCT) will
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sustain durable disease control," but relapse after ASCT is typically
considered incurable. This is a devastating event for a young
population, as over half of the patients who undergo transplant for
HL are between the ages of 15 and 34 years.” Treatment for
relapsed or refractory HL after ASCT includes allogeneic stem cell
transplant, brentuximab vedotin and other CD30 antibodies,
immune checkpoint inhibitors (ICls) targeting programmed death
signaling, and investigational agents such as histone deacetylase
inhibitors, Janus kinase 2 inhibitors, and chimeric antigen receptor
(CAR) T-cell therapy.® Of these, ICls have shown promising results,
and for relapsed and refractory disease, the addition of nivolumab
results in durable disease control for some patients, with a median
progression-free survival (PFS) of 14.7 months in the CheckMate
205 trial.*

However, despite these advances, most patients with relapsed or
refractory disease do progress after ICls, and additional thera-
peutic options are urgently needed.® Although the response
kinetics of relapsed or refractory HL have been described, the
patterns of progression and predictors for this type of progression
remain poorly understood. Identifying these parameters will help
identify opportunities for synergistic therapies to be deployed in
conjunction with ICls. Specifically, for patients with fewer areas of
disease and a pattern of local progression, consolidative local
therapies such as RT could be used. The goal would be to increase
the durability of response to ICls, potentially eliminate the need for
indefinite ICls, and possibly cure a subset of patients. Patients with
more extensive disease or those with a pattern of progression
predominantly at new sites would be more likely to benefit from
systemic intensification in the context of clinical trials, including
consideration of adoptive T-cell therapy.

Beyond hematologic malignancy, RT has been used successfully in
the oligometastatic setting for multiple epithelial cancers. This has
resulted in superior rates of local control, leading to improved
overall survival for patients with limited disease.® Within the context
of HL, patients with limited-volume disease before starting ICls may
also benefit from consolidative RT. For this group of patients, we
postulate that comprehensive radiation may prevent or delay pro-
gression. With this paradigm in mind, we aim to investigate pat-
terns of disease progression on or after ICI therapy for patients with
HL. In an exploratory analysis, we identify a group that may benefit
most from consolidative RT: those with limited disease pre-ICls
who progress exclusively locally.

Methods

This retrospective review was approved by the Mayo Clinic Insti-
tutional Review Board. All patients gave authorization for their
medical data to be used for retrospective research.

Through a cancer center pharmacy search, we identified patients
who received an ICI for HL between 2013 and 2022 at 1 institu-
tion. The pre-ICl Fludeoxyglucose-18 positron emission tomogra-
phy (FDG-PET) and FDG-PET at progression on or after ICl were
reviewed, with all sites of involvement and progression docu-
mented. We defined 14 discrete sites of disease. Eleven of the 13
lymph node regions defined by Ann Arbor staging were included;
epitrochlear and popliteal were excluded because these were not
completely captured on all FDG-PET scans. Sites soft tissue, bone
or bone marrow, and parenchymal were added because many
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patients had disease present at these sites, yet they are not
adequately captured within the lymph node regions of Ann Arbor
staging. Multiple sites of distinct disease within these 3 categories
were counted as separate sites (eg, a pelvic bone metastasis and a
cervical vertebral metastasis are counted as 2 sites, not 1).
Therefore, the 14 sites were: (1) Waldeyer's ring, (2) cervical
and/or supraclavicular, (3) infraclavicular, (4) axillary and/or internal
mammary, (5) hilar, (6) mediastinal, (7) para-aortic, (8) spleen, (9)
mesenteric, (10) iliac, (11) inguinal or femoral, (12) soft tissue, (13)
bone or bone marrow, and (14) parenchymal. These sites are listed
in table form in supplemental Table 1.

We defined a treatable progression event as pre-ICl limited dis-
ease: (1) <5 sites on pre-ICI FDG-PET and (2) progression at only
pre-ICl sites (ie, exclusively local relapse). These 5 sites of disease
could be located anywhere in the body if it was considered
reasonable to treat all 5 sites of disease during a single radiation
treatment course. Patients who recurred at new sites or who had
more than 5 initial sites on pre-ICl FDG-PET were excluded from
this designation. This 5-site description of limited disease was
chosen based on clinical experience of radio-encompasability and
the fact that other oligometastatic publications,6 as well as recent
HL studies, have used a similar number of sites when investigating
consolidative radiation.”® In addition, it is worth noting that a
traditional mantle radiation field would include (1) cervical and
supraclavicular, (2) infraclavicular, (3) axillary, (4) hilar, and (5)
mediastinal sites. Similarly, it would be reasonable to radiate 5 sites
of disease, even if on opposite sides of the diaphragm, using
involved field or involved node radiation techniques.

Clinical judgment was used when it came to categorizing patients
into the limited or nonlimited disease category. For example, several
patients had widespread bony disease, which was recorded as
nonlimited even though only 1 site (bone) was involved. In contrast,
patients with adjacent sites of disease within 5 cm, for example,
tumors in the ipsilateral supraclavicular and infraclavicular sites,
which could be encompassed within a single planning target vol-
ume, were considered 1 site instead of multiple sites of disease.
This scenario was rare but did apply to 2 patients. The
supplemental Materials, section 1.2, provides example cases.

Sites of disease on pre-ICl FDG-PET were also recorded for
patients who did not progress after ICl, to analyze predictors and
patterns of progression.

Descriptive statistics were generated for the group of 69 patients
with complete records. Univariate Cox models for PFS were per-
formed for the entire cohort of 69 patients to identify any charac-
teristics that may be associated with progression. Death was a
competing risk for this analysis. Cumulative incidence of a treatable
progression as well as univariate Cox models for treatable PFS
were run on both the complete cohort and the subset of patients
with limited disease (<5 sites). For this analysis, both a non-
treatable progression (development of distant disease) and death
were competing risks.

Results

We identified 90 patients who received an ICI for HL between
2013 and 2022. Twenty-one patients were excluded from this
analysis because of incomplete or inaccessible outside medical
records, incomplete FDG-PET scan data, or concurrent cancer
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diagnoses, which confounded PET-CT interpretation. Sixty-nine
patients were included in this patterns of progression analysis.
Thirty-six (52%) patients received ICI after having achieved remis-
sion earlier in their disease course and were classified as relapsed.
Refractory disease was seen in 17 patients (25%), and 16 patients
received an ICl as first-line therapy (23%). Median time to pro-
gression was 4.0 years (interquartile range, 1.9-5.3 years).

Nivolumab was the most frequently prescribed ICI (78%), and
pembrolizumab was the second most common (17%). More than
half of patients received ICI monotherapy: 56% of the relapsed
group and 36% of the nonrelapsed group. ICl monotherapy was
the most frequently prescribed regimen in both groups. Combina-
tion ICls such as ipilimumab and nivolumab, or ICls in combination
with brentuximab or cytotoxic chemotherapy, were also used.
(supplemental Table 2) The median number of pre-ICl FDG-PET
sites was 4 (interquartile range, 2-7; range, 1-12), and 50 patients
(72.5%) had previously undergone HDC/ASCT. All but 2 of
the relapsed or refractory cohorts had previously undergone
ASCT.

The median number of previous treatments before ICI (including
systemic therapies, HDC/ASCT, and nonpalliative radiation cour-
ses) was 4 (range, 0-16). Nearly half of patients (30 of 69, 43%)
had received radiation at some point in their treatment course
leading up to ICI. Of the 30 patients, 17 had received more than 1
course of radiation or had more than 1 site treated, for a total of 57
radiated sites (see supplemental Table 3 for more details). The
median number of treatments before ICI for this group was 6.5.
Most sites of disease (39 of 57, 68%) remained controlled at the
time of ICI initiation. Twenty-one percent (12 of 57) definitely
showed disease persistence or recurrence, and 6 sites (12%)
could not be evaluated because of incomplete records. Therefore,
39 of 51, or 76% of evaluable sites, were controlled at the time of
ICl initiation.

Most patients were less than 50 years of age (69.6%), and most
had nodular sclerosis HL (85.5%). All stages of HL were repre-
sented: 63.7% had either stage Il or IV disease at initial HL diag-
nosis (Table 1). Nearly 20% of patients (8 of 41) who progressed
had discontinued ICls because of immune-related adverse events,
and overall, 16% of patients (11 of 69) discontinued ICls because
of immune-related adverse events.

Survival among the entire cohort

Of the 69 patients, 45 (65.2%) had <5 sites of disease on pre-ICl
FDG-PET. Twenty-four were alive without progression at the time
of analysis. Four had died without progression, 18 had died with
progression, and 23 had progressed but were alive (Table 2).
Among the 45 patients with <5 sites of disease, at the last
follow-up, 20 were alive without progression, 4 had died without
progression, 10 had died with progression, and 14 were alive with
progression.

Of the 17 patients with refractory disease at the time of ICl initia-
tion, 11 (65%) experienced progression after ICI. In contrast, 25 of
the 36 patients (69%) with relapsed disease at the time of ICI
initiation experienced progression after ICI (Table 3).

However, the pre-ICl relapsed group harbored more patients with a
treatable progression after ICls (exclusively local progression at <5
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Table 1. Patient characteristics

N %
Age at ICl initiation Median age 401y
<50 48 69.6
50-59.9 7 10.1
60-69.9 6 8.7
70-79.9 5 7.2
>80 3 4.3
Sex Female 33 47.8
Male 36 52.2
Histology Nodular sclerosing 59 85.5
Mixed cellularity 3 4.3
Classical NOS 6 8.7
Lymphocyte rich 1 1.4
Bulky Yes 21 30.4
No 47 68.1
Unknown 1 1.4
Extranodal disease Yes 29 42.0
No 40 58.0
Stage at diagnosis | 2 2.9
Il 23 33.3
1l 15 21.7
\% 29 42.0
Pre-ICl disease Relapsed 36 52.2
Refractory 17 24.6
First diagnosis 16 23.2
Previous ASCT Yes 50 72.5
No 19 275
Previous radiation Yes 30 435
No 39 56.5
ICls used Nivolumab 54 78.3
Pembrolizumab 12 17.4
Other 3 4.3
Number of disease sites at ICl initiation <5 sites 45 65.2
>b sites 24 34.8
Number of therapies before ICls Mean 4.4 therapies
Qt1, 03 1,6
Range 0-16

NOS, not otherwise specified.

sites). Twenty-two percent (22%) or 2 of 11 total patients who
were pre-ICl refractory, compared with 36% or 9 of 25 total
patients who relapsed, experienced a treatable progression.

Table 2. Survival outcomes

Outcome
Alive Died Total
No progression 24 4 28
Progression 23 18 41
Total 47 22 69
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Table 3. Type of progression stratified by pre-ICl disease state

Local Distant Local and distant Total progression No progression Total
Initial diagnosis 4 = 1 5 11 16
Relapsed 11 1 13 25 11 36
Refractory 5 = 6 11 6 17
Total 20 1 20 41 28 69

Risk of progression among the entire cohort

Patients with >5 sites of disease were 2.2 times more likely to
progress than those with <5 sites of disease (95% confidence
interval [CI], 1.18-4.08; P = .013). Every site of disease over 5
sites conferred an additional 1.2 times higher chance of pro-
gression (95% CI, 1.05-1.29; P = .003). Of note, 30% of
patients had disease only above or only below the diaphragm at
the time of ICl initiation; this cohort did not have a lower risk of
progression compared with patients with disease on both sides
of the diaphragm.

Male patients were less likely to progress compared with female
patients (hazard ratio, 0.49; 95% Cl, 0.26-0.91; P =.024), and
the number of previous lines of therapy was not associated with
progression. Of the patients who progressed, 22 of 41 (53.7%)
progressed only at pre-ICl sites of disease. Among all patients at
4 years, the cumulative incidence of any progression was 66.4%
(95% CI, 55.3-79.1), and the cumulative incidence of progres-
sion at only pre-ICl sites of disease was 39.4% (95% CI, 28.7-
53.9). Death was a competing risk for each analysis, and pro-
gression at a new or distant site was a competing risk for
cumulative incidence of progression only at pre-ICl sites of
disease (Figure 1).

Risk of progression among patients with limited
disease

The 45 patients with <5 sites of disease were then analyzed as a
separate cohort. The cumulative incidence of a treatable progres-
sion among patients with <5 sites of disease was 34.0% (95% ClI,
21.8-53.1). Distant progression and death were competing risks. In
contrast, the cumulative incidence of any progression (local,
distant, or both; with death as a competing risk) for the cohort of 45
patients with limited disease was 58.9% at 4.2 years (95% Cl,
45.0-77.1; Figure 2). There were neither patient nor disease
characteristics that were associated with a statistically significantly
higher risk of treatable progression (pre-ICl limited disease
[<5 sites] and exclusively local relapse).

Patients treated with upfront ICIs

Sixteen patients were treated with ICls as first line therapy. Most had
limited disease, and most did not progress on or after ICls. Nine of 11
patients who did not progress and 3 of 5 patients who did progress
had limited disease (<5 sites). All stages of disease were represented,
but patients were mostly late stage. Eighty percent of patients with
limited disease progressed exclusively locally (4 of 5 of those who
progressed), and none received radiation with ICls.

Patterns of progression are summarized in Table 3.

Figure 1. Cumulative incidence of any progression
(solid line) or progression at only a pre-ICl site
(dashed line) among the complete cohort, regardless
of number of sites of disease before ICls (n = 69). 80 -

100 +

90 o

Cumulative incidence of any progression at median
follow-up of 4.0 years was 66.4%, and cumulative incidence
of progression only at pre-ICl sites of disease was 39.4%.
Death was a competing risk for both arms. Distant
progression, or new sites of disease, was also a competing

risk for cumulative incidence of progression at only pre-ICl

Cumulative incidence (%)

site.

— Any progression

--- Progression at only pre-ICl site

Number at risk
Any Progression
69

69

Progression at only pre-ICl site

3 4 5
Years

31 15 12 9 7

31 15 12 9 7
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Figure 2. Cumulative incidence of any progression
(solid line) or progression at only a pre-ICl site
(dashed line) for the subset of patients (n = 45) with
limited disease (<5 sites pre-ICl). Cumulative incidence
of any progression at median follow-up of 4.0 years was

58.9% among this cohort, and cumulative incidence of

50

40 -

Cumulative incidence (%)

30 1

20

i i b o

progression only at pre-ICl sites of disease was 34%. Death
was a competing risk for both arms. Distant progression, or
new sites of disease, were competing risks for patients in

the progression at only pre-ICl site arm.

Years
Number at risk
Any Progression
45 23 12 9
Progression at only pre-ICl site
45 23 12 9

Discussion

ICls represent a significant advancement for many patients with
HL, but patterns of progression after ICl treatment are not well
described. The average patient undergoing ASCT for relapsed or
refractory HL is in their early 30s.° Relapse after transplant
approaches 50%, and this number is higher for primary refractory
HL, larger number of prior regimens, less than complete remission
to salvage treatment on FDG-PET, duration of first remission
<12 months, poorer performance status, and extranodal involve-
ment.'>"" Treatment options after relapse are limited, and before
the advent of ICls, they were restricted to extended-line chemo-
therapy regimens (single-agent or multiagent), allogeneic trans-
plantation, brentuximab vedotin, or radiation alone.'> These
therapies historically resulted in only limited durations of disease
control, which represented a devastating situation for these young
patients.

An early phase 2 study of brentuximab vedotin after relapse follo-
wingASCT reported a median PFS of 5.6 months and an overall
survival of 22.4 months, despite a high overall response rate of
75%."% Post-ASCT relapse treatment with single-agent chemo-
therapy regimens (gemcitabine, bendamustine) generally results in
a PFS of 7 months or less,'>'* and although multiagent chemo-
therapy regimens may produce better outcomes, there are limited
data in the posttransplant setting. Second transplants are offered
in select cases as well: 3-year PFS was 36% after a second ASCT
in 1 small study,’® and 5-year PFS was 20% in a study of alloge-
neic transplants (median time to relapse was 6 months).'® When
nivolumab was shown to be a viable option for patients who had
relapsed or were refractory to ASCT, with a reported 86% PFS at
~6 months, this represented a major shift in the treatment of
relapsed or refractory HL.'” The Checkmate 205 study (nivolumab)
then reported a median duration of response of 16.6 months,
superior to other salvage treatment options.” Similarly, the Keynote-
087 study reported an identical duration of response
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(16.6 months) and similar PFS (13.7 months) for patients receiving
single-agent pembrolizumab.'® Because of these studies and
others, combination ICI therapies have also been investigated, and
studies such as SWOG S1826 have shown promising results of
nivolumab in combination with chemotherapy.'® Of note, several
patients in the presently reported cohort did receive combination
doxorubicin, vinblastine, and dacarbazine, and nivolumab. None of
these patients relapsed.

It is clear that for those patients who progress after ASCT, ICls
represent a paradigm-changing therapy, although the median
event-free interval is still between 1 and 2 years.” In addition,
immune-related adverse events remain a problem, and 16% of
patients in this retrospective review discontinued ICls secondary
to toxicity. By analyzing patterns of progression after ICls, our
aim was to identify a subgroup of patients who may benefit from
early intervention with additional local therapy. We hypothesize
that this subgroup may be those patients with <5 sites of dis-
ease before starting ICls. At our institution, over one-third of
patients with limited disease progressed only at these pre-ICI
sites of disease (cumulative incidence: 349%). This indicates
that a sizable proportion of patients with limited HL may benefit
from local therapy such as radiation, which could lead to a
prolongation of PFS after ICls. Extrapolating from oligometa-
static data emerging from the study of epithelial cancers, it may
be possible to provide long-lasting remission and even longer
overall survival for select patients.®

Patients with >5 sites of disease at ICl initiation are more likely
to progress, but 8 of 24 (25%) of these patients did progress
exclusively locally, and the cumulative incidence of progression
at pre-ICl sites among all patients in our study was 39.4%, a
sizable minority. If amenable to safe RT treatments, treating more
than 5 sites of disease certainly could be feasible, and the
number of patients who could benefit from consolidative RT
increases.
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The International Lymphoma Radiation Oncology Group, in their
guidelines addressing the use of radiation in relapsed or refrac-
tory HL, suggests that patients with limited-volume disease should
be considered for salvage RT." Past research has shown that
radiation provides excellent local control, and modern techniques
of radiation delivery (namely improved image guidance allowing
decreased volumes and better sparing of organs at risk) appear
safe and as effective as older, more extensive techniques.”®>*
The use of RT in relapsed and refractory settings similarly pro-
vides superior local control." "2

The addition of RT to ICls has shown great promise in the upfront
setting: new data report exceedingly high rates of PFS (100% at 3
years) when a combination of chemotherapy, ICI, and consolidative
radiation is used.?” Rates of toxicity remained low with this com-
bination treatment. Very little has been published regarding the
combination of radiation and ICl treatment for patients with
relapsed or refractory HL, but small retrospective studies are
encouraging, demonstrating that radiation can be effective in
bridging to stem cell transplant or providing disease control on its
own.”®?% In 1 small series of a dozen patients, 92% achieved a
complete response 18 months after radiation delivery.”® The
patients who had previously received irradiation in our study
represent a heterogeneous group with pretreated and likely more
treatment-resistant HL (median number of lines of treatment before
ICl was 6.5). Yet at least 68% of these irradiated sites remained
controlled at the time of ICI initiation.

In these patterns of progression analysis, we must note several
limitations. The number of patients included in this study was
rather small, and the group was heterogenous. Most patients
received ICls for relapsed or refractory disease (77%), but some
received ICls as a primary, upfront treatment. Many patients had
received previous radiation treatments (but none received radi-
ation between starting ICls and progression after ICls), the
details of which were not available for every patient. In addition,
patients with more heavily pretreated diseases likely harbor
different disease biology and may respond differently to both ICI
and radiation. This has not been adequately explored in the
literature and was not accounted for in our study. Anti-CD-30
CAR T-cell therapy is also under investigation for relapsed or
refractory HL, and it remains to be seen how this new therapy
will fit in with current and future treatment paradigms.®®®" It is
not clear how ICls, consolidative radiation, and CAR T-cell
therapy would be optimally sequenced or combined.

Outcomes with ICls such as nivolumab appear to be excellent in
both the upfront and salvage settings; however, the data we
present here, in which a significant portion of patients experi-
ence local-only failure, indicate that there may be a role for local
therapy with RT. These opportunities may exist both in the
upfront as well as salvage settings. Several phase 2 prospective
clinical trials have begun to investigate consolidative radiation in
combination with ICls for relapsed or refractory HL: 1 specifically
investigating the abscopal effect,®> 1 combining involved site
radiation with pembrolizumab,®® and a third using radiation in
lieu of ASCT for low-risk patients.” We await the results of these
ICl trials and turn a keen eye toward CAR T-cell therapy, where
consolidative radiotherapy may also provide prolonged relapse-
free survival in those patients who do not achieve complete
remission.
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In this series of patients who were treated with ICls for HL, over
half progressed exclusively locally. Among those with limited pre-
ICI disease (5 or fewer sites), the cumulative incidence of an
exclusively local progression was 34%. These findings indicate
that there is a large proportion of patients with HL who (1)
relapse locally and (2) would likely benefit from the excellent
local control that RT can safely provide. It is possible that HL
may harbor a unique oligometastatic paradigm, and that
thoughtful consolidative treatment of all sites of disease may
lead to better local disease control, lower rates of distant
spread, improved quality of life through longer treatment-free
intervals, and even improved survival.
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