Programmed cell death protein-1 (PD-1)-expression
in the microenvironment of classical Hodgkin
lymphoma at relapse during anti-PD-1-treatment

Classical Hodgkin lymphoma (cHL) is characterized by
rare Hodgkin and Reed Sternberg cells (HRSC), which are
embedded in an anergic inflammatory cellular microenvi-
ronment (ME).! Constitutional and high expression of
programmed cell death-protein-1 (PD-1)/PD-ligand (PD-
L) pathway by HRSC indicates a role of PD-1/PD-L1
interaction in cHL.*®

Inhibition of PD-1/PD-L1 interaction by anti-PD-1
blockade has shown impressive response rates in
relapsed/refractory (r/r) cHL. Although durable respons-
es to anti-PD-1 treatment have been documented, the
majority of patients eventually relapse.*

To address the important, but so far unsolved issue of
mechanisms of resistance to PD-1 blockade, we retro-
spectively assessed sequential biopsies of r/r cHL patients
developing progressive disease (PD) or relapse on anti-
PD-1 treatment with regard to microenvironmental
changes and PD-1 as well as PD-L1 expression.

In 9 cHL patients, formalin fixed paraffin embedded
biopsy specimens taken prior to anti-PD-1-treatment,
and a second biopsy at relapse/progression, were avail-
able. These included 3 patients with three available biop-
sies (2 patients with two biopsies before and one patient
with two biopsies under anti-PD-1-treatment). All
patients gave their informed consent for this study which
had been approved by our local ethics committee.

Biopsy specimens were stained for CD30, CD15, EBER
or LMP1, CD20, and CD3 to characterize HRSC and to
confirm the diagnosis using established protocols (Online
Supplementary Table S1). We determined HRSC pheno-

Table 1A. Patients’ characteristics.

types by conventional single stainings assessed by expe-
rienced hematopathologists. Stainings for CD4 (clone
4B12, Leica), CD8 (clone C8/144B), DAKO PD-1 (clone
MRQ22 Cell Marque), and PD-L1 (clone E1L3N Cell
Signaling) were performed on a Leica-Bond automated
stainer to characterize the ME and to quantify PD-1- and
PD-L1-expression. The total number of PD-1, PD-L1,
CD8 and CD4 positive microenvironmental cells was
counted by 2 expert pathologists in three high-power
fields (HPFE, 1000-fold magnification using oil immersion)
and the average value was used for further analysis
(Online Supplementary Table S1). HPF were chosen with at
least one HRSC in the center in order to analyze cell
counts in the immediate vicinity of the neoplastic cells.
RS cells and macrophages were differentiated by means
of CD30- and PAX5-staining and by standardized charac-
terization of the distinct morphology of the RS-cell and
macrophage nuclei. t-tests were applied for comparison
of cell counts in the HRSC vicinity in the most current
biopsy before and the biopsy at relapse under anti-PD-1
treatment. P<0.05 was considered significant.

Histopathological diagnosis of cHL was confirmed in
all biopsies (Table 1A). Prior to immunmodulatory check-
point treatment (ICT), cHL subtypes were nodular sclero-
sis in 2, mixed cellularity in 4, lymphocyte depleted in 1,
and not classifiable in 2 patients. Patients’ characteristics,
including prior lines of treatment, stage at start and dura-
tion of anti-PD-1-treatment until documentation of pro-
gressive disease (PD) are summarized in detail in Tables
1A and B.

The time interval between the most recent application
of the anti-PD-1-antibody and the biopsy at progressive
disease or relapse ranged from six days to six months,
with seven of eight sequential biopsies being taken with-
in six weeks after documentation of PD.

Histopathological diagnosis Lines of therapy Stage Anti-PD-1 antibody
prior to anti-PD-1  at start of
antibody (n)  anti PD-1 treatment

1 Male 73 1999 Initial diagnosis of B-CLL 3 IVB Nivolumab
2011 Initial diagnosis of composite
lymphoma (mantle-cell lymphoma and cHL)

2 Male 55 cHL, lymphocyte-depleted, 2 11A Pembrolizumab
in 02/13 first diagnosis

3 Male 27 cHL, nodular-sclerosis (NS), 5 IVB Nivolumab
in 12/10 first diagnosed

4 Male 29 cHL, mixed- cellular subtype, 7 IVB Nivolumab
in 01/12 first diagnosed
HIV-infection diagnosed in 10/16

5 Female 60 cHL, mixed-cellular subtype, 7 IVA Nivolumab
diagnosed in 11/07

6 Male 84 cHL, diagnosed in 12/13 2 IVA Cemiplimab and

Pembrolizumab

7 Male 60 cHL, mixed-cellular subtype 3 IVA Cemiplimab
diagnosed in 02/13

8 Male 47 cHL, NS, diagnosed in 09/07 5 1A Nivolumab

9 Male 37 cHL, NS, diagnosed in 10/15 3 IVA Nivolumab

B-CLL: B-cell chronic lymphocytic leukemia; cHL: classical Hodgkin lymphoma; NS: nodular sclerosis.
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Because of mild disease activity, anti-PD-1-treatment
was continued beyond progression in 6 patients; in one
patient this was combined with radiotherapy. In Patient
6, further disease progression was documented and the
patient died of progressive disease. Patients 1 and 3
received subsequent treatment with AFM13 and with
ruxolitinib; both patients died of progressive disease
(Table 1B).”

Due to the retrospective nature of the study, available

tissue (mostly core needle biopsies) was very limited and
immunohistochemical analyses were incomplete in a
subset of patients.

Hodgkin and Reed Sternberg cells were negative for
PD-1 in all cases before or after ICT (Figure 1A). Strong
expression of PD-L1 on HRSC was at least constant after
anti-PD-1 treatment in 7 of 8 patients with available data
(Figure 1A-D and Online Supplementary Table S1). In one
patient, the expression level of PD-L1 appeared slightly
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Figure 1. Staining of PD-1 positive T cells and PD-L1 positive macrophages. Staining for PD-1 in Patient 2 showing an increase in PD-1-positive T cells between
pre-treatment (A) and relapse (B) biopsy in close proximity to Hodgkin and Reed Sternberg cells (HRSC). Patient 2 with a marked decline in PD-L1 positive
macrophages between pre-treatment (C) and relapse (D) biopsy. HRSC are strongly positive for PD-L1 at both time points. (A-D, original magnification 1000x).
Comparison of PD-1-positive T-cell (E) and PD-L1-positive macrophage (F) content as cells per high-power field (HPF). Biopsies of the same patient are connected

with a line.
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reduced after anti-PD-1 treatment (Patient 4, Ounline
Supplementary Figure S1). Thus, PD-L1 expression in
HRSC seems unaffected by anti-PD-1 therapy. It is wor-
thy of note that expression of CD30 was also strongly
and abundantly positive on all HRSC at relapse, indicat-
ing that anti-PD-1 treatment does not interfere with
CD30 expression (data not shown).

Pairwise comparison of cell counts in the vicinity of
HRSC within each individual patient revealed that the
number of PD-1-positive (PD-1*) T cells trended to be
higher at relapse compared to the biopsy prior to ICT [at
relapse mean 25.5, standard deviation (SD) 30.3; prior to
ICT mean 3.2, SD 6.5 cells per HPF; P=0.0562] (Figure
1E). In contrast, in the majority of patients, the number

Table 1B. Patients' characteristics.

of PD-L1* macrophages tended to be lower at relapse
compared to the biopsy prior to ICT (at relapse: mean
21.9, SD 10.9; prior to ICT: mean 36.7, SD 11.0 cells per
HPF, respectively; P=0.1138) (Figure 1F). Despite notice-
able differences, statistical significance was not reached
because of low case numbers. Whether the PD-1* T cells
detected at relapse represent locally residing cells that up-
regulated PD-1 expression [and thus become positive by
our immunohistochemistry (IHC)] or whether these cells
have newly invaded the lymphoma tissue from outside
remains uncertain. Interestingly, the number of CD8"
cells was low and constant between primary biopsy and
relapse (data not shown), supporting the hypothesis that
presentation of HLA class I neoantigens to cytotoxic T
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Best response Duration of Time interval hetween Subsequent Most current Survival status
0 anti-PD-1 anti-PD-1 anti-PD-1 application treatment disease status®
reatment12 treatment and sequential biopsy after documentation
until progressive of progressive
disease (months) disease
1PR 7 6 months 12/15-02/16 AFM13 PD Died 07/16
(biopsy in 12/15)
Rx HWKG6-Th3, LWK2-4
03-05/16 Ruxolitinib
Relapse of mantle
cell lymphoma
2CR 9 15 days Since 09/17 Nivolumab PD Alive
(biopsy in 01/17) (12/17:1 axillar
lymph node > 15mm)
3PR 11 6 days Until 09/15 Nivolumab PD Died 06/16
(biopsy in 05/15) 10/15-11/15 AFM13
PD
01-03/16 Ruxolitinib
PD
4PR 32 14 days Nivolumab treatment PDin 11/17 Na
(biopsy in 05/17) continued in Greece before re-start
in 11/17 after complete of anti-PD1
resolving of the
Hepatitis A-infection
55D 22 32 days Nivolumab-treatment PDin 10/17 Alive
(liver biopsy in 06/17, continued + RT (before re-start of
biopsy of perihepatic Nivolumab and before RT)
lymph nodes in 07/17)
6 SD Cemiplimab: 9 15 days Pembrolizumab-treatment PD Died in 01/18
Pembrolizumab: (biopsy in 09/17) continued until 11/17
2 (07/17 start of Pembrolizumab)
78D 11 42 days Since 11/17 Nivolumab SD (01/18) Alive
(biopsy in 09/17) (dose 6mg/kg)
8 PR 9 7 days Since 12/17 Nivolumab SD (01/18) Alive
(biopsy in 11/17) at a dose-level of 6mg/kg
9PR 4 10 weeks Since 05/18 AFM13 PD Alive
(biopsy in 05/18)

RT: radiotherapy; CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease; na: not available, Ab: antibody.
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cells might not be the major axis of action of anti-PD1
blockade in cHL. Few cases were evaluable for CD4 and
HLA-class staining and, therefore, no definite conclusion
could be drawn (data not shown);” however, our observa-
tion is in line with the recently published data on PD-1
expression on T-cell subsets in the ME of cHL’
Furthermore, a recently performed analysis in paired
biopsies (n=16 for PD-1 staining, n=13 for PD-L1 stain-
ing) taken at initial diagnosis and at relapse after initial
polychemotherapy did not detect any significant differ-
ence in PD1* T cells and PD-L1 expression on HRSC
between primary diagnosis and relapse, and thus sup-
ports our hypothesis that the increase in PD-1* T cells in
the vicinity of HRSCs might be a mechanism of resist-
ance specific for anti-PD-1-treatment (A. Schnitter ez 4/,
2018, manuscript in preparation).

There are several limitations to our study, such as a
small patient cohort, and a limited analysis of markers by
IHC due to the scarcity of the tumor tissue.
Unfortunately, the limited amount of tumor tissue did
not allow assessment of 9p24.1 alterations, and immuno-
histochemical staining of HLA DP/DQ/DR, HLA DM,
beta-2-microglobulin (32M) and HC10 could only be per-
formed in 3 patients. Due to the small patient cohort and
the unavailability of biopsies of a “control cohort”
responding to anti-PD-1 treatment, our results are pre-
dominantly descriptive.

Nevertheless, our study reveals a first insight into the
microenvironment of cHL in patients developing resist-
ance to PD1-blockade on the tissue level. Our case series
illustrates that, at relapse, the target PD-1 is present on T
cells in the vicinity of HRSCs at a level easily detectable
by IHC, which is not the case before treatment. We can-
not conclude that more T cells would express the PD-1
receptor, as IHC is obviously not sensitive enough to
detect low-level expression.’

The reason for treatment failure in cHL remains uncer-
tain. It has been shown for malignant melanoma that loss
of f2M and HLA-class I expression contributes to the
development of refractoriness to PD-1 blockade.” This
mechanism is extremely unlikely in cHL, as most patients
do not express HLA class I even before anti-PD-1 treat-
ment is started due to constitutional loss of f2M in
cHL.*" Based on our observation, we hypothesize that
overexpression of the PD-1 receptor might restore the
PD-L1-PD-1 axis and crosstalk between HRSC and infil-
trating T cells, which is obviously needed for HRSC
growth.” This hypothesis needs to be further explored by
analysis of larger patient cohorts.
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