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Abstract

Objective: The aim of this study is to detect the PD-1 and PD-L1 expressions before and after treatment in primary refractory (PR HL) and relapsed/refractory
Hodgkin Lymphoma (RR HL). PD-1 and PD-L1 expressions were evaluated in 17 cases with RR HL by immunohistochemistry.

Method: Immunohistochemistry was used to detect PD-1 and PD-L1 expressions. Tumor cells and peritumoral microenvironment were evaluated separately. More
than 5% expression in microenvironment and/or Reed Sternberg accepted as positive.

Results: PD-1 expression in in microenvironment and RS cells in 4 and 8 cases and 0 and 4 cases in first diagnosis and after treatment, respectively. PD-L1 expression
in diagnosis was detected in 3 cases in microenvironment and in 9 cases after treatment. PD-L1 expression at the first diagnosis in RS cells was detected in 2 cases
and after treatment in 5 cases.

Conclusion: PD-1 and/or PD-L1 expressions after treatment are seen in the majority of cases. Changes in PD-1/PD-L1 expression is frequent in cases with PR and

RR HL, and the detection of PD-1/PD-L1 expression in samples taken during RR disease may be important for immunotherapy.

Introduction

Immunotherapies targeting PD-1 and PD-L1 present promising
treatment options for many malignant diseases. Blockade of this
pathway named checkpoint blockade therapy (CBT) in solid tumors
especially in melanoma showed practice changing activity [1-4]. In
contrast to solid tumors, field of CBT in hemopoietic neoplasias is
still in infancy but more promising results willbe seen in near future
[5-7]. However Hodgkin lymphoma (HL) is privileged neoplasia for
this strategy. Because PD-L1 and PD-L2 are key targets for 9p24.1
amplification which is recurrent genetic abnormality in HL. 9p24.1
amplification includes Janus kinase 2 and gene-dosagedependent Janus
kinase 2 / signal transducer and activator of transcription activity
induces PD-1 ligand transcription [8-10]. EBV infection is common
in HL, and is another mechanism of PD-1 overexpression [10]. As a
result of these 2 mechanisms, a large proportion of classical HL (cHL)
tumors have increased surface expression of PD-L1. PD-1/PD-L1
expression in HL and their prognostic importance is highly variable
[8,9,11-13]. It is very well known that tumors may evade the immune
system by upregulation not only of PD-L1 on the tumor cell but also of
PD-L1 in its microenvironment. Infections, which are not rare in cases
with HL, can induce PD-L1 expression on macrophages. Similarly,
the expression of PD-L1 within a tumor and its microenvironment
may change with treatment including anti-neoplastic drugs and also
radiation [14]. These findings strongly suggest that HL may have
a genetic dependence on the PD-1 pathway for survival and that
targeting this pathway is highly effective strategy in these cases. For this
reason we wanted to explore the PD-1/PD-L1 expressions in relapsed/
refractory cases with HL before and after anti-neoplastic treatment.
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Patients And Methods

PD-1 and PD-L1 expressions were evaluated in seventeen cases
with primary refractory (PR) HL and relapsed refractory (R/R) HL.
Female/male ratio was 9/8, age range was between 19 and 59. Formalin-
fixed, paraffin-embedded tissue samples from 17 cases with R/R cases
were analyzed in this study. Immunohistochemical (IHC) assay was
used to detect PD-1 and PD-L1 expressions.

THC staining was performed on 5 um sections from tissue using
ADb to PD-1 (NAT105/MRQ-22, Ventana, CA, USA) and PD-L1 (Mo
Ab CD274/PDL1 AM26531 AF-N.Acris Germany). The visualization
system used was the BenchMark XT (Ventana) with heat-induced
epitope retrieval (CC1 solution Ventana) and the iWiew DAB detection
kit (Ventana). The visualization system used was the benchmark XT
with enzymatic digestion (ISH Protease 2, Ventana) and the iWiew,
detection kit (Ventana). Cases stained with anti-PD-1 and PD-L1 were
scored according to intensity of cytoplasmic and/or membranous
positivity as follows: 0 (no staining), 1+ (weak or equivocal staining),
2+ (moderate staining), or 3+ (strong staining). Tumor cells and
peritumoral microenvironment were evaluated separately. More than
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5% expression in microenvironment (ME) and/or Reed Sternberg
accepted as positive.

Results

Seventeen cases with HL were evaluated for PD-1 and PD-L1
expressions in biopsy samples at first diagnosis and at samples taken
when they relapsed or resistant disease. All cases had cHL; 12 had
nodular sclerosing subtype, 4 had mixed cellular type and subtype
could not be determined in one case. Eight cases had PR HL and 9 cases
had R/R HL. All of the cases had been treated with ABVD regimen as
the first line treatment.

Cisplatinum containing DHAP regimen was used for second line
or salvage therapy in cases in relapse or refractory disease. Gemcitabine
containing regimen was given in third line setting.

Bendamustine, brentuximab vedotin, lenalidomide were given in
further lines in some of them.

Figure 1b. PD-1 expression at relapse (Case 17).

PR HL cases: Eight cases had PR disease. Before and after
chemotherapy PD-1 expression in ME was detected in 2 cases and 4
cases, and in RS cells in none and 2 cases, respectively. Before and after
chemotherapy PD-L1 expression in ME was detected in none and 2
cases, and in RS cells in none of the cases, respectively.

R/R HL cases: Nine cases had R/R disease. Before and after
chemotherapy, PD-1 expression in ME was detected in none and 2
cases, and PD-1 expression in RS cells in none and 2 cases, respectively.
Before and after chemotherapy, PD-L1 expression in ME was detected
in 3 and 7 cases, and in RS cells in 2 and 5 cases, respectively.

When we evaluated all cases, we found that PD-1 expression in ME
in 4 cases at the first diagnosis and in 8 cases after treatment. PD-1
expression in RS cells was not detected at the first diagnosis in none of
the cases while in 4 cases after treatment. PD-L1 expression at the first
diagnosis was detected in 3 cases in ME and in 9 cases after treatment.
PD-L1 expression at the first diagnosis in ME was detected in 3 cases
and in 9 cases after treatment. PD-L1 expression at the first diagnosis
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in RS cells was detected in 2 cases and after treatment in 5 cases. Table Figure 2a. No PD-L1 expression at first diagnosis (Case 13).
1 shows the PD-1 and PD-L1 expressions in PR HL and R/R HL cases
before and after anti-neoplastic treatment. PD-1 and PD-LI expression
changes in 2 cases in first diagnosis and relapse have been shown in
Figures 1a and 1b and Figures 2a and 2b, respectively.

Figure 2b. PD-L1 expression at relapse (Case 13).

Discussion

In the last years very encouraging results have been shown with
Figure 1a. No PD-1 expression at first diagnosis (Case 17). immunotherapy in cancer, especially with checkpoint inhibitors.
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Table 1. PD-1 and PD-L1 expressions in first admission and follow up of the patients. NS: nodular sclerosing, MC: mixed cellular, ND: not determined, PR: primary refractory, R/R: relapse

/refarctory, ME: microenvironment RS: Reed Sternberg.

Before Treatment

Patient Sex- Disease

number Age Subgroup status PD-1
ME RS

1 Female-23 NS PR + -
2 Female-30 NS PR - -
3 Male-59 NS PR - -
4 Female-21 ND PR - -
5 Female-20 NS PR - -
6 Male-26 NS PR - -
7 Female-27 NS PR - -
8 Female-22 MC PR + -
9 Male-27 NS R/R + -
10 Male-30 MC R/R - -
11 Female-20 NS R/R + -
12 Male-58 NS R/R - -
13 Female-19 NS R/R - -
14 Male-28 MC R/R - -
15 Female-20 MC R/R - -
16 Male-19 NS R/R - -
17 Male-49 NS R/R - -

Practice changing developments have been reported in solid tumors,
mostly in melanoma. On the other hand there are successfull results in
hemopoietic neoplasias and this field will open new avenues in these
disordersin near future. The most important results among hemopoietic
neoplasias have been shown in cases with R/R HL. Cases with HL
treated by 4-5 lines of therapies including brentuximab vedotin and
stem cell transplantation have been included in two studies. Response
rates in this unlucky group of patients were stunning. In phase I study
covering 23 cases with R/R HL, ORR was 87% (CR and PR rates were
17 and 70% respectively). Tumor analysis from 10 patients confirmed
increased expression of PD-L1 and PD-L2 in all [15].

Keynote-013 study presented at ASH 2014 meeting is a phase Ib
study covering 31 cases treated by pembrolizumab, in this study ORR
was 66% with 21%CR rate. PD-L1 expression was detected in 100 %
of evaluable samples (16). These results suggest that CBT is useful in
cases with R/R HL and PD-1/PD-L1 expression may be a predictive
markers, at least, in some of these cases. However there is no data in
these cases which samples: in first diagnosis or relapsed samples have
been evaluated for PD-1/PD-L1 expression.

With the development of these immunotherapies, much interest
and energy has been focused on to find a useful predictive marker.
However this is not a simple question to be easily answered. There are
many questions and problems at this point. Questions are: 1-Which
PD-1 or PD-L1 MoAb most accurately determines PD-1 or PD-L1
expression, 2-Which cut off should be utilized to determine the PD-1/
PD-L1 positivity: in many clinical trials 5% expression in the tumor
epithelium has been defined. However this cut off is arbitrary and
results are variable. At this point, some studies have defined the cutoff
ranging from 1% to 50% and in some other studies this threshold
has been defined as low (1-5%), moderate (5-10%) and high (>10%)
expression. In some of these studies it was found a correlation between
higher expression and better response. However it has been shown
many times that in some tumors does not respond despite the presence
of PD-L1 expression and some respond to CBT despite the absence of
PD-L1 expression , 3-We do not know which additional components
have a role in predicting response: Tumor infiltrating lymphocytes,
PD-L2 expression, mismatch-repair deficiency etc, 4-Where we
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After Treatment Before Treatment After Treatment
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should measure PD-L1 protein: in tumor cells, stroma (immune
infiltrating cells) or in both, 5-Which method is more reproducible
to detect the PD-L1? Quantitative immunofluoroscence, RNA based
method or standard immunohistochemistry, 6-Expression pattern
of PD-L1 which may be cytoplasmic, membranous or none and this
staining pattern may be important. It seems that membranous staining
may be predicitive for response to therapy [2,14], 7-Importantly the
characterization of PD-1 expression is more difficult in hemopoietic
neoplasias, especially in HL due to polymorphic infiltration, compared
with solid tumors and we need more standardized measures for these
cases. When we looked the available data, results are very chaotic.
Preliminary results in 2012 suggested a relationship between PD-L1
expression on tumor cells and objective response rate. According to
the PD-L1 expression, 9 of 25 patients with PD-L1 expression showed
objective response (36%) while none of the 17 patients without PD-L1
expression showed response [2]. After this information many studies
explored the potential biomarkers predicting response to PD-1 pathway
treatment [2,14,16-19]. Although in some series it has been found close
correlation between the higher response to CBT in cases with stronger
PD-L1 expression compared with poor PD-L1 expression, PD-L1
expression on the tumor cell surface may not be the sole determinant
of sensitivity to PD-1 blockade. The definition of this result may be due
to, as mentioned before, choosing the threshold and MoAb problem
in in PD-L1 positivity. Today in spite of huge data from different
companies and academic centers for different MoAbs to determine the
PD-L1 positivity, we have little data to help choose the best diagnostic
MoAb and/or threshold [14,19-22]. Although initial data obtained
in solid tumors suggested that PD-L1 expression on tumor cells was
the strongest determinant of response to PD-1 blockade, it has been
reported meaningful response rate in apperently PD-L1 (-) tumors
[5]. In fact, at least in some cases, the tumor microenvironment may
determine response more strongly than PD-L1 expression on tumor
cells [19]. However complex status is ongoing in melanoma trials and
in other tumors due to different stage of the cancers analysed, PD-L1
MoAb used for IHC staining, laboratory techniques for IHC staining
and treatment history [23-25]. False positive and negative results must
be considered for the stratification of the patients for CBT. The other
important point is the expression of PD-L1 on infiltrating lymphocytes,
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monocytes, and macrophages. This status is very important in HL
studies due to very high cell infiltration around the RS clls. Therefore
the role of PD-L1 expression may vary depending on tumor type
and therapeutic approaches used in previous periods [26,27]. PD-1
pathway is engaged by many different hemopoietic neoplasias and
that PD-1 ligand expression by tumor cells or in microenvironment
of the correlates with more aggressive or refractory disease [5]. PD-
L1 expression has been found to be higher in high risk and more
refractory cases with myelodysplastic syndrome [27]. Additionally it
has ben shown that PD-L1 expression is enhanced by treatment with
hypomethylating agents. This finding suggests that PD-L1 expression
may be associated with more aggressive disease behavior and treatment
resistance and CBT can be therapeutically useful in this disease [28,29].
The increased expression of programmed death pathway markers
after anti-neoplastic treatments in our study may suggest the more
aggressive biology and no response to conventional chemotherapeutic
agents. The timing of anti-PD-1 therapy plays a crucial role in
maximizing therapeutic benefit. The use of anti-PD-1 therapy before,
after or concurrently with chemotherapy will be changed the responses
dramatically. For this reason timing of immunotherapy is very critical
for the beneficial effects of CBT in addition to the expression PD-1 and
its ligands in tumors and/or its microenvironment [26].

We found increased expressions of PD-1 and/or PD-L1 after
treatment in the majority of cases with PR HL and R/R HL.
Expressions were detected both in ME and in RS cells. Although a
relevant expression (“more than 5%”) of PD-1 in the ME and on H/RS
was documented in more patients post-treatment than prior treatment
(8 vs 3 and 4 vs 0 patients) and more patients showed a relevant
expression of PD1-L1 after treatment than prior treatment (9 vs 3 pts
with regard to the ME and 5 vs 2 pts with regard to the H/RS cells),
the increased expression of PD-1 and PD-L1 cannot be proven for the
majority of patients. Furthermore, an increased expression of PD-1
and PD-1L1 post-treatment was particulary shown for the ME and to
a lesser extent on H/RS cells. In contrast to prior studies [5,15] which
documented a relevant PD-L1 expression in H/RS-cells prior treatment
with the anti-PD1 antibody in nearly all examined patients, our analysis
showed PD-L1 expression in H/RS-cells in 5 of 17 samples and in the
ME in 9 of 17 samples at relapse. This difference might be caused by the
use of different anti-PD-1-L1 antibodies, by the application of different
staining scores or other technical problems. Other limitation of our
work is the lack of analyses for PD-L2 expression, MMR deficiency
and 9p24.1 amplification which are important parameters for the
evaluation of PD-1 pathway.

It is very well known that standard treatment is not clear and there
is no good choice in cases with PR HL. On the other hand salvage
chemotherapy and high dose chemotherapy/stem cell transplantation
is standard in R/R HL cases, but this approach is beneficial in only a
limited number of these cases. Brentuximab vedotin is an important
molecule in these cases as a bridge for transplantation. In a similar
way successfull results have been reported with checkpoint inhibitors
in cases with R/R HL. Here we showed that PD-1/PD-L1 expressions
increase in cases with PR and R/R HL. For this reason CBT is important
therapeutic oppurtunity in cases with PR and R/R HL cases. Increased
expressions of PD1 and/or PD-L1 in RS cells and/or ME may be
important in the management of these cases. If PD-1/PD-L1 will be
a stratification factor in deciding CBT, it will be ueseful to determine/
check the expressions of programmed death pathway biomarkers in
relapse tissue samples.

In summary the most critical point is to understand the most
powerful strategy to detect which patients are more likely to benefit
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from anti-PD-1/PD-L1 blockade and potential biomarkers for
improved patient care and also to prevent cost toxicity. In recent times
it has been proposed that predictive value of PD-L1 expression may
be important to decide the therapy with single checkpoint inhibitor or
their combination in melanoma [14]. By analogy this may be which
may be a guide for the management of R/R HL. PD-1 and PD-L1 are
dynamic merkers changing over time as a result of evolving immune
responses, chemo and/or radiation may contribute to these changes.
So the detection of PD-1 and/or PD-L1 expressions in samples taken
during relapse may be more informative and useful in the CBT with
PD-1/PD-L1 inhibitors.
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