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Abstract

Immunohistochemical markers are associated with treatment outcome in adults with classical Hodgkin Lymphoma (cHL).

Studies in children are scarce and inconsistent. We investigated in 67 children with cHL, whether the expression of CD15, CD30,

PAX5, PD-1, PD-L1, CD68, CD163 and TARC is associated with the event-free survival (EFS) and the interim remission status.

Low expression of PD-L1 was significantly associated with complete remission at interim PET-scan. There was no association

between marker expression and EFS. Our data suggest a difference between pediatric and adult cHL. This underlies the

importance of future research into specific molecular drivers in pediatric cHL.
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AUC Area Under the Curve

cHL Classical Hodgkin Lymphoma
CR Complete remission
CT Computed Tomography
EBV Epstein Barr Virus
EFS Event-Free Survival
HRS Hodgkin and Reed-Sternberg
OR Odds Ratio
PAX-5 Paired Box 5
PD-1 Programmed Death 1
PD-L1 Programmed Death Ligand 1
PET Positron Emission Tomography
PFS Progression Free Survival
PHL Pediatric Hodgkin Lymphoma
ROC Receiver Operating Curve
TARC Thymus and Activation-Regulated Chemokine
TME Tumor Microenvironment

AbstractImmunohistochemical markers are associated with treatment outcome in adults with classical
Hodgkin Lymphoma (cHL). Studies in children are scarce and inconsistent. We investigated in 67 children
with cHL, whether the expression of CD15, CD30, PAX5, PD-1, PD-L1, CD68, CD163 and TARC is
associated with the event-free survival (EFS) and the interim remission status. Low expression of PD-
L1 was significantly associated with complete remission at interim PET-scan. There was no association
between marker expression and EFS. Our data suggest a difference between pediatric and adult cHL. This
underlies the importance of future research into specific molecular drivers in pediatric cHL.

IntroductionClassical Hodgkin lymphoma (cHL) contains a notably small amount of 0.1-10% malignant
Hodgkin and Reed-Sternberg (HRS) cells, surrounded by inflammatory cells. These cells produce different
cytokines and chemokines, maintaining a specific tumor microenvironment (TME) in which the HRS cells
can thrive 1,2. There is a strong variation among individual patients in the frequency and distribution of
HRS cells and the TME 3. These variations may be used to identify prognostic markers in pediatric patients
to develop risk-adapted treatment strategies, leading to better outcome and less treatment-related toxicities
1,2. Furthermore, these markers could be new treatment targets. Multiple studies have demonstrated that
the presence of certain immune cell types and immunohistochemical markers in the TME and on HRS cells

2
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. is associated with treatment outcome 4-7. However, most studies have been performed in adult patients,
and studies based on pediatric populations are scarce and inconsistent 8-10. Previous studies have shown
differences in TME composition, PD-L1 expression, and the role of Epstein Barr Virus (EBV) between
pediatric and adult cHL patients 10-14. Therefore, it is uncertain whether outcomes of studies in adults with
cHL are applicable to children with cHL.

Therefore, we investigated the prognostic value of eight different immunohistochemical markers in pediatric
cHL. PD-1, PD-L1, CD15, CD30, CD68 and CD163 have previously been analyzed in pediatric studies and
show conflicting outcomes 8-10,15. PAX5 and TARC were chosen based on their prognostic impact in adult
studies6,16,17.

MethodsA detailed description of our study method is provided in the supporting information. An event-
enriched cohort was created to increase the number of patients with relapsed disease and consequently
the statistical power of this study. We collected 73 samples of children (23 relapses/50 complete remission)
diagnosed with cHL at the Erasmus Medical Center - Sophia Children’s Hospital. We analyzed CD15, CD30,
PAX5, TARC and PD-L1 expression levels on the HRS cells, and PD-1+, PD-L1+, CD68+ and CD163+
cell counts in the TME. Primary outcome was the event free survival (EFS). The secondary outcome was
the achievement of complete remission at interim PET scan and/or computed tomography (CT).

Results Sixty-seven of 73 patients met the inclusion criteria (Supplemental Figure S1). Baseline charac-
teristics are presented in Supplemental Table S1. The mean follow-up time was 5.4 years (range 1.6 – 7.2
years). Twenty-two patients experienced treatment failure (32.8%), five of these patients (7.5%) passed
away. We found no association between the expression of any of the immunohistochemical markers and
EFS (Supplemental Table S2). All markers besides CD163 had an area under the curve (AUC) of < 0.5
and CD163 had an AUC of 0.613, suggesting a poor discrimination ability (Figure 1). Additional stacked
histograms showed that none of the markers had discriminative power for EFS (Figure 1). There was also
no association between any of the markers and early versus late relapse (Supplemental Table S3)

Thirty patients (44.8%) did not achieve complete remission (CR) at interim PET scan. Significantly more
females than males achieved CR (Odds Ratio (OR) 3.60, 95% CI 1.31 – 9.90, p = 0.012). Patients with lower
stage were more likely to achieve CR at interim PET-scan (OR 2.97, 95% CI 1.08 – 8.18, p = 0.033). For
the total group, there were no statistically significant differences in achievement of CR at the interim PET
scan for expression of any of the markers (Supplemental Table S4). A sub-analysis, only including patients
treated according to the EuroNet-PHL protocols (n=45), showed that low expression of PD-L1 in the TME
was significantly associated with complete remission (p = 0.04) (Table 1).

Discussion

The results of our study add significantly to the limited data available for pediatric patients. This is due to
the high percentage of relapsed patients in our cohort and to the high number of markers analyzed8-10,15.
We found an association between PD-L1 expression and interim remission status, which is not reported in
the literature before. PD-L1 plays an important role in the pathogenesis of cHL. It is upregulated through
amplification of chromosome 9p24.1 and may support cHL proliferation 18. PD-L1 also contributes to the
immune escape of the tumor 19. This may explain why patients with cHL respond so well to PD-1/PD-L1
checkpoint inhibition 19-21. Our findings imply that PD-L1 expression in pediatric cHL is correlated with
outcome. This is an important finding that should be further investigated in a larger cohort of pediatric
patients.

Remarkably, there are some differences between our data and previously published findings in children with
cHL (See Supplemental Table S5 for a summary of the findings of previous studies). Barros et al. found a
significant association between the expression of CD163 and the progression-free survival (PFS) 8, however,
our study and the study of Gupta et al. found no significant association. Gupta et al. and Dinand et
al. found a significant association between CD30 and CD15 expression and EFS 9,15. We were not able
to confirm this finding. These differences may be caused by differences in treatment protocols between the
different studies. Second, our study contained a much higher percentage of events than the study of Barros

3
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. and Dinand 8,15. Third, expression patterns in our study were based on lager areas and exact percentages
were calculated.

Interestingly, our results are in contrast with previous findings in adult patients. They mostly reported
an adverse association between OS and EFS and the expression of PAX5 on the HRS cells, and CD68+,
CD163+, PD-1+, and PD-L1+ in the TME 4-7. These differences between pediatric cHL and adult cHL
may be due to differences in pathogenesis, resulting from differences in the composition of the TME10-14.
Moreover, differences may be due to the use of different antibodies and/or scoring methods.

We found high expression of CD30 and PD-L1 on HRS cells, and PD-1 and PD-L1 in the TME in all patients.
CD30, PD-L1 and PD-1 are all markers that can be targeted therapeutically (e.g. by brentuximab vedotin
binding to CD30). The expression in pediatric patients underscores the need for further investigations of
these novel therapies in first line treatment in children.

Our study is the first to examine eight different markers simultaneously. Another strength of our data is
the event-enriched setting particularly in pediatric patients. However, due to this event-enriched setup, we
included patients diagnosed over a period of 18 years with different treatment regimens. Despite this event-
enriched cohort, the study still lacked the statistical power to perform a sub-analysis per treatment protocol
for the primary outcome.

A possible limitation of the study is the use of immunohistochemical staining. This can lead to inconsistent
results depending on differences in tissue fixation, the type of antibody and staining method, the scoring
method, and the observer’s interpretation. To minimize these inconsistencies, we based our scoring method
on published previous studies 4,7,14,22,23 and we tried to overcome the interobserver variability by using a
dual-head microscope and reviewing tissue samples together.

In conclusion, we found an association between PD-L1 expression and interim remission status, which should
be further investigated. Furthermore, our data demonstrate differences in the expression patterns and
prognostic impact of immunohistochemical markers between pediatric and adult patients with cHL. Further
research into these differences may lead to specific prognostic factors in pediatric cHL, indispensable for
improvement of treatment in this population.
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Legends

Figure 1. ROC curves and stacked histograms. ROC were used to calculate the Youden’s Index for the
individual immunohistochemical markers to determine the optimal cut-off values. The stacked histograms
show the expression of the markers among the two different groups. Curves and histograms for the markers
PAX5 (A), CD15 (B), CD30 (C), PD-L1 on HRS cells (D), TARC (E), CD163 (F), CD68 (G), PD-1 (H),
and PD-L1 in the TME(I).
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