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Introduction (En Français) 
 

Le lymphome hodgkinien classique (cHL) représente 10 % des lymphomes et est actuellement 

considéré comme une hémopathie de bon pronostic. Il est le plus souvent observé chez les 

jeunes adultes avec une incidence accrue chez les patients de plus de 55 ans. En effet, au stade 

localisé une  association de chimiothérapie et de radiothérapie permet de guérir plus de 90% 

des patients (1)  alors qu’en stade avancé, le BEACOPPesc guérit 85% des patients (2).  

Malgré ce taux de réponse élevé, 10 à 15% des patients au stade localisé et 15 à 30% au stade 
avancé sont toujours réfractaires ou rechutent après la première ligne de traitement, tandis 
que l’ensemble des patients est exposé à des toxicités. Le principal objectif de la dernière 
décennie dans la prise en charge du cHL a par conséquent été d’identifier précocement les 
patients à haut risque de rechute en vue d’une intensification du traitement et ceux qui 
peuvent être traités avec un régime de chimiothérapie moins toxique afin d’éviter les effets 
secondaires inutiles.  
 
Les patients atteints de cHL à un stade localisé (I-II de la classification de Ann Arbor) sont 
divisés en 2 groupes favorables et défavorables. À l’heure actuelle, 3 scores pronostique ont 
été développés par 3 grands groupes coopératifs : l’Organisation européenne pour la 
recherche et le traitement du cancer et du lymphome (EORTC/LYSA), le Groupe d’étude 
allemand sur les lymphomes hodgkiniens (GHSG) et le Groupe coopératif Est Canadien en 
oncologie (ECOG). Ils sont basés sur des paramètres cliniques et biologiques similaires qui 
incluent la présence d’une masse médiastinale importante, une vitesse de sédimentation 
élevée, l’implication de plusieurs sites nodaux, une atteinte ganglionnaire supplémentaire, 
l’âge  ≥ 50 ans ou des maladies spléniques massives.  
Dans le cHL avancé (III-IV), un système de notation pronostique différent a été développé 
appelé le score IPS (3). Il utilise 7 variables : âge ≥ 45 ans, présence d’une maladie de stade IV, 
sexe masculin, numération globulaire ≥15 000 cellules/μ L, numération lymphocytaire <600 
cellules/μL, albumine<4,0 g/dL, hémoglobine <10,5 g/dL. Les patients présentant 5 facteurs 
ou plus présentaient une survie sans progression (SSP) à 5 ans de 42%, tandis que les autres 
présentaient une SSP de 84%.  
Au cours de la dernière décennie, il a été démontré que la tomographie par émission de 

positons (TEP) était un facteur pronostique majeur  (4) et  constituait un  outil essentiel pour 

la stratégie thérapeutique en déterminant efficacement la réponse au traitement et en 

permettant ainsi l’adaptation du traitement car les patients ayant une TEP positive effectuée 

après 2 cycles (TEP2) ou 4 cycles de chimiothérapie (TEP4) présentent un risque élevé d’échec 

thérapeutique (5)(6).  Alors que la TEP2 est un facteur de pronostic important et un élément 

clé de la stratégie thérapeutique, chez les patients avec une  TEP2 négative, environ 15 % 

finiront par rechuter ou progresser après la fin du traitement. De plus, les patients de mauvais 

pronostic ne sont identifiés qu’après 2 mois de traitement, ce qui retarde les choix de 

traitement intensifs.  

Il est donc intéressant d’explorer de nouveaux biomarqueurs tels que les cytokines. Les 

cytokines sont de petites protéines sécrétées qui régulent le trafic cellulaire et le homing des 

leucocytes. Produites à la fois par la tumeur et les cellules du microenvironnement tumoral, 

elles jouent un rôle clé dans la pathogenèse de la maladie et peuvent être des facteurs de 
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pronostiques (7) (8). En 2007, Casasnovas et coll. avaient montré qu’une signature de 3 

cytokines plasmatiques incluant le récepteur antagoniste de l’interleukine 1 (IL1-RA), 

l’interleukine 6 (  IL-6) et le CD30 soluble  (sCD30) était utile afin de prédire le pronostic de la 

maladie dans le cHL et permettait d’identifier les patients présentant un risque élevé d’échec 

du traitement (9).  Ces résultats n’avaient cependant pas pu être appliqués dans la vie réelle, 

car la technique ELISA utilisée pour les dosages nécessitait un certain délai. De plus, cette 

étude a été réalisée parmi des patients traités uniquement par ABVD et a été réalisée avant 

l’utilisation de stratégies de traitement TEP-guidées. 

Depuis la dernière décennie, d’autres cytokines ont montré un potentiel énorme en tant que 

marqueurs pronostiques du cHL. PD-1 / PD-L1 sont des protéines de point de contrôle 

immunitaire et jouent un rôle dans l’inhibition des lymphocytes T après activation par 

stimulation antigénique, empêchant la réponse du système immunitaire. Dans le LHc, 

l’expression de ces 2 protéines joue un rôle clé dans l’inhibition de la réponse 

antitumorale(10). Il  a été démontré que la co-expression de PD-1 et de PD-L1 dans le cLH est 

un facteur pronostique indépendant avec une survie globale (SG)  médiane de 24  mois et une 

SSP médiane de 20 mois, alors qu’en l’absence de co-expression, la SG médiane  et la   SSP  

médiane  étaient respectivement de 135 et 107 mois (11). La protéine TARC ( Thymus and 

activation-related chemokine)  ou CLL17 est exprimée par la cellule de Reed et Sternberg (HRS) 

et joue un rôle clé dans l’environnement riche en lymphocytes T observé dans le cHL.  Elle 

augmente l’activité chimiotactique du lymphocyte T en liant CCR4 et CCR8 (12) (13).  Les  taux 

plasmatiques de TARC plasmatiques sont en corrélation avec l’étendue de la maladie, les taux 

plasmatiques de TARC étant corrélés avec le stade avancé de la maladie, la présence de 

symptômes B, la présence d’un volume tumoral dit «  bulky »,  le volume tumoral métabolique 

total (TMTV) (14) et la réponse au traitement chez l’adulte (15).  Les taux élevés de TARC après 

le traitement sont associés à une survie globale plus faible et à une SSP, même après 

ajustement pour tenir compte de l’IPS et de la réponse métabolique en fin de traitement (16). 

La réduction considérable (>1000pg) de la TARC après un cycle de chimiothérapie a été 

associée une meilleure SSP (17). Il a été initialement démontré que la valeur prédictive 

positive des taux intermédiaires de TARC était supérieure à la VPP des TEP intermédiaires et 

que le taux de TARC intermédiaire est associé à l’échec du traitement, même au sein du sous-

groupe de patients TEP négatifs (18).  

Comme les stratégies thérapeutiques ont changé depuis la dernière décennie et sont 

maintenant guidées par la TEP avec de nouveaux protocoles de chimiothérapie (notamment 

BEACOPP pour les stades avancés), l’utilisation de biomarqueurs pronostiques constitue un 

enjeu majeur afin d’affiner la stratification pronostique des patients au diagnostic et en cours 

de traitement. Le but de cette étude est donc d’évaluer l’impact pronostique des taux 

plasmatiques de 5 cytokines d’intérêt : IL-1RA, IL-6, CD30s, PD-L1 et TARC dans le cHL, avant 

et pendant un traitement guidé par la TEP. 
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Introduction 
 

Classic Hodgkin Lymphoma (cHL) accounts for 10% of lymphomas and is currently considered 

as a good prognosis hemopathy. It is most frequently seen in young adults with an increased 

incidence in patients over 55 years old. In fact, in the localized stage the association of 

chemotherapy with radiotherapy enables to cure more than 90% of patients (1) while in the 

advanced stage, the BEACOPPesc regimen cures 85% of patients (2).  

However, despite this high recovery rate, 10 -15% localized stage patients and 15-30 % 
advanced stage patients are still refractory or relapse after the first line of treatment while 
good responders over treatment may lead to toxicities and secondary malignancies. Hence, 
the main current goal of the last decade in cHL management is to identify early high-risk 
patients for treatment intensification and those who can be treated with a less toxic regimen 
of chemotherapy to avoid unnecessary secondary effects.  
 
Early-stages cHL (I-II) are divided in 2 groups favorable and unfavorable. Currently, 3 
prognostic scoring systems have been developed by 3 large cooperative groups: the European 
Organization for Research and Treatment of Cancer/Lymphoma Study Association 
(EORTC/LYSA), the German Hodgkin Study Group (GHSG) and the Canadadian-Eastern 
Cooperative Oncology Group (ECOG). They are based on similar clinical and biological 
parameters which include the presence of a large mediastinal mass, an elevated 
sedimentation rate, the involvement of multiple nodal sites, extra nodal involvement, age ≥ 
50 years or massive splenic diseases .  
In advanced cHL (III- IV), a different prognostic scoring system was developed called the IPS 
score (3). It uses 7 variables: age ≥ 45 years, presence of stage IV disease, male sex, white 
blood count ≥15 000 cells/μL, lymphocyte count <600 cells/μL, albumin<4.0 g/dL, hemoglobin 
<10.5 g/dL. Patients with 5 or more factors were found to have a 5-year progression free 
survival (PFS) of 42% while patients with no negative prognostic factors had an 84% PFS.  
During the last decade, it has been demonstrated that positron emission tomography (FDG-

PET) scan was  a major prognostic factor (4) and  was an essential tool for therapeutic strategy 

by determining efficiently the treatment response and therefore, allowing treatment 

adaptation as patients with a PET positive scan done after 2 (PET2) or 4 cycles of 

chemotherapy are at high risk of therapeutic failure (5) (6). However, while PET 2 is an 

important prognosis factor and a key therapeutic strategy element, among patients with a 

negative PET-2 approximately 15 % will eventually relapse or progress after the end of 

treatment. Furthermore, patients with poor prognosis are only identified after 2 months of 

treatment, and hence delaying intensive treatment choices.  

Therefore, it is interesting to explore new biomarkers such as cytokines. Cytokines are small, 

secreted basic proteins that regulate cell trafficking and homing of leukocytes. Produced by 

both the tumor and the surrounding reactive cells, they play a key role in the disease 

pathogenesis and may be putative prognostic factors (7) (8). In 2007 Casasnovas et al had 

shown that a plasma cytokine signature of combined Interleukine1-Receptor antagonist (IL1-

RA), Interleukin 6 (IL-6) and soluble CD30 (sCD30) was sufficient to predict disease-related 

outcome in cHL and allowed the identification of patients with high risk of treatment failure 

(9). However, it could not be applied in real life, as the ELISA technique used for the dosage 
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had extensive delay. Additionally, this study was done with patients treated by ABVD 

independently of the stage and was done before the use of PET guided treatment strategies. 

Since the last decade, other cytokines have shown massive potential as prognostic markers in 

cHL. PD-1/ PD-L1 are immune checkpoint proteins and play a role in the inhibition of T 

lymphocyte after activation by antigenic stimulation, thereby preventing an excessive immune 

system response. In cHL, the expression of those 2 proteins plays a key role in the anti-tumoral 

response inhibition (10). The co-expression of PD-1 and PD-L1 in cHL has been shown to be an 

independent prognostic factor with a median overall survival (OS) of 24 months and a median 

PFS of 20-months whereas in the absence of co-expression, the median OS and median PFS 

were of 135 and 107 months respectively (11). The Thymus and activation-related chemokine 

(TARC/ CLL17) are expressed by the Reed and Sternberg Cell (HRS) and play a key role in the T 

lymphocyte rich environment seen in cHL. It increases the chemiotactic activity of T 

lymphocytes by binding CCR4 and CCR8 (12) (13). Higher plasmatic TARC levels correlate with 

the extent of the disease, with higher levels of plasmatic TARC correlating with advanced 

disease stage, presence of B symptoms bulky diseases, total metabolic tumor volume (TMTV) 

(14) and treatment response in adults (15). Elevated post-therapy levels of TARC are 

associated with poorer overall survival and progression free survival even after adjusting for 

the IPS and end of treatment PET status (16).  Early reduction of TARC after one cycle of 

chemotherapy was associated with PFS (>1000pg/mL) (17). Finally, it was shown that the 

positive predictive value of interim TARC levels is higher than the PPV of interim PET scans and 

that interim TARC levels are associated with treatment failure even within the subgroup of 

PET negative patient (18).  

As the therapeutic strategies have changed since the last decade and are now PET guided with 

new chemotherapy regimens (e.g.: BEACOPP in advanced stage) the use of pretherapeutic 

prognostic biomarkers must be investigated to better stratify patients’ risks. Therefore, the 

goal of this study is to assess the prognosis impact of 5 plasmatic cytokines of interest: IL-1RA, 

IL-6, sCD30, PD-L1 and TARC in cHL, before and during PET guided treatment. 

Materials & Methods 
 

Populations  
 

105 patients with a first diagnosis of HL, excluding nodular lymphocyte predominance 
lymphoma were enrolled from the University Hospital of Dijon-Bourgogne (Dijon, France) 
from July 2015 to October 2020. All patients signed an informed consent form approved by 
the ethics committee of the University Hospital of Dijon-Bourgogne who reviewed the study. 
The diagnosis of cHL was mainly based on lymph node histology. The extent of the disease and 
the presence of B symptoms were staged in accordance with the Ann Arbor classification. 
Patients were treated either in LYSA Hodgkin Lymphoma trials composed mainly of H10, 
AHL2011, and PVAG or according to LYSA recommendations. Patients under 60 years old with 
localized favorable cHL received an ABVD regimen for 2 cycles followed by radiotherapy if PET 
2 was negative. In case of a positive PET 2, supplementary cycles of ABVD were added to the 
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regimen. Patients with unfavorable localized cHL were treated with 4 cycles of ABVD followed 
by IFRT 30 gray, and a positive PET 2 was followed with chemotherapy intensification by 2 
cycles of BEACOPPesc plus radiotherapy (33% of pts). With under 60 year-old advanced cHL 
patients (IIb, III, IV), 2 cycles of BEACOPPesc were used, followed by 4 cycles of ABVD if PET 2 
was negative, in case of positive PET2, 4 additional cycles of BEACOPPesc were added as per 
the AHL2011 protocol therapeutic strategy (38% of pts). Patients over 60 years old and unable 
to withstand other regimen toxicities were treated with 6 cycles of PVAG (20% of pts).   
The response was assessed at the end of the first line of treatment except for patients with 
progressive disease who were evaluated at the time of progression.  
 

 

Samples and cytokine plasma assessment  
 

All samples were collected at baseline, C3D1, C5D1, end of treatment (EOT) and after 1 year 
and 2 years (Figure 1). The number of plasma samples available varied by time point with 105 
at baseline, 71 at C3D1, 60 at C5D1 and EOT, 34 at 1 year and 29 at 2 years.  
Samples were collected using sterile tubes containing EDTA to prevent the further release of 
cytokines before analysis. Plasma samples were then immediately centrifuged and stored at 
80°C. The dosage of IL1-RA, IL-6 PD-L1 and TARC was performed in the University of Dijon 
Laboratory using the ELLA automated immunoassay system (Biotechne) (19). This system 
allows the measuring in triplicate of all 4 cytokines simultaneously with 25µl of plasma sample. 
The detection limits were 0.56 to 5.332pg/ml for PDL1, 0.56 to 850 pg/mL for TARC, 7.37 to 
4.500pg/mL for IL1-RA, 0.7 to 2,652 pg/mL for IL-6. 40 TARC samples were re-dosed after a 
1/16 dilution to enhance the detection limit, however 23 samples (23%) could not be re-dosed 
on time, and 24 (23%) reached the upper detection limit of 13600 pg/mL hence causing 47 
missing results (45%). Cd30s could not be assessed by the ELLA automated immunoassay 
system. Therefore, its dosage was performed in triplicate using ELISA assay (#: DY6126-05). 
The detection limit was 93.8 to 6000 pg/mL. The definitive plasma level value retained was 
the mean of the 3 measured values.  
The cytokine plasma levels were also evaluated in a group of 31 healthy volunteers who 
submitted informed consent, including men and women with a median age of 31 years old 
(range 22 to 60 years old).  

 

Statistical Analysis  
 

Cytokines were first analyzed as continuous values and compared by Wilcoxon test in both 
patients and healthy participants. Then, cHL patients were analyzed according to the usual 
prognostic subgroups.  A Fisher’s exact test or X2 test was used for comparison of discrete 
variables. 
 X tile analysis was used to define the optimal cutoff for survival prediction of each cytokine 
at baseline and during treatment time points. 
Progression free survival was measured from the date of enrollment to either the date of 
treatment failure (progression or relapse), the date of death as the result of any cause, or the 
date of the last follow up. Overall survival was calculated from the date of enrollment into the 
study to the date of death as the result of cHL or by the date of the last follow-up.  
Survival functions of patients subgroups defined by the cytokine circulating levels were 
estimated using the Kaplan- Meier product limit method and compared using the log rank test. 
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The Cox proportional hazard regression model was used to estimate HRs and associated 95% 
CI in univariate and multivariate analyses.  
Two-sided p values less than 0.05 were considered statistically significant. Statistical analysis 
was performed using the X-tiles software version 3.6.1 or more and the R software.  

Results 
 

Patients’ characteristics 
 

Amongst the 105 patients enrolled, the median age was 36 years old (range 17 to 85 years 

old), 61% were in an advanced stage, and 39% had a high IPS score. The main patient 

characteristics are listed in Table 1. 38% were treated with BEACOPPesc upfront regimen, 33% 

with ABVD upfront and 37% were irradiated. 

54 patients (51 %) achieved a complete response, 4 patients (4%) achieved a partial response, 

and 9 patients (9%) had a progressive disease. 1 patient (1%) progressed with a Diffuse Large 

B Cell Lymphoma (DLBCL). With the median follow-up time of 40 months (1-78 months) and 

for patients still alive at 39 months (3-70 months), 13 patients (12 %) relapsed after achieving 

complete remission at the end of the treatment with a median time to relapse of 16 months 

(range, 4 to 65 months). 14 patients (13 %) died: 11 due to cHL progression; 1 due to septic 

shock; 1 from SARS covid infection; and 1 after a traumatism (extensive burn).  

 

 Cytokine signature and prognostic factors at baseline 
 

Patients had significantly higher IL1-RA, IL-6, CD30s, TARC and PD-L1 plasma levels than 

normal healthy participants (<0.001 for all parameters, Wilcoxon test). IL1-RA, IL-6, TARC and 

PD-L1 were detectable in all patients’ plasma samples whereas sCD30 was undetectable in 47 

patients (45%). 47 pretherapeutic samples (45%) were higher than the detection level for 

TARC, the analysis for this cytokine could consequently not be completed due to insufficient 

data. Average cytokine levels were higher in over 45 years old, with IPS >2, B symptom and 

advanced stage patients except for sCD30.  High plasmatic levels of PD-L1 were found to be 

associated with Mixed cellularity histological subtype and extra nodal extension, whereas IL1-

RA was associated with a bulky tumor > 10cm and extra nodal extension. High level of sCD30 

were associated with extra nodal extension (Figure 2).   

 

Pretherapeutic cytokine signature predicts patient outcome.  
 

To analyze the prognostic value of each plasma cytokine, we determined a cutoff value for 

each parameter based on its ability to predict treatment failure with the best sensitivity and 

specificity. The resulting threshold levels were 740 pg/mL for IL1-RA, 21 pg/mL for IL-6, 347 
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pg/mL for sCD30, and 204 pg/mL for PD-L1. Based on these cutoff points, the proportion of 

patients with high plasma levels was 31% for IL1-RA, 34% for IL-6, 29% for sCD30 and 37% for 

PD-L1. In the univariate analysis, only patients with high plasma levels of IL1-RA had a 

significantly lower probability of event-free survival (HR=4.2; p= 0.0001) with a PFS at 5 years 

estimated at 49% versus 87% (Figure 3, Table 2). This result was retained in the multivariate 

analysis (HR=4.1;p= 0.0007).  

 

Cytokine signature after 2 and 4 cycles of treatment predicts patient outcome. 
 

Overall, average levels of cytokines across time shows that patients who experienced relapse, 

have higher plasmatic cytokine levels at baseline and at most timepoints during treatment 

(Figure 4). The evaluation of the average decrease of cytokine reduction from baseline at C3D1 

was not significant for the patient outcome for either cytokine.  As done in pretherapeutic 

samples, a cutoff value was determined for each cytokine residual plasmatic levels at C3D1 

and C5D1 on 71 and 60 patients respectively. The resulting threshold levels after 2 cycles were 

1067 pg/ml for IL1-RA, 9 pg/ml for IL-6, 114 pg/ml for PD-L1, and 264 pg/ml for TARC. All 

plasmatic samples for TARC at C3D1 and C5D1 were in the detection limit range. According to 

these cutoff points, the proportion of patients with high residual plasma levels was 13% for 

IL1-RA, 22% for IL-6, 10% for sCD30, 38% for PD-L1, and 22% for TARC. High residual plasmatic 

levels of IL-6, sCD30, and TARC at C3D1 were independent poor prognosis factors of PFS in 

univariate analysis (Table 3), whereas in the multivariate analysis high residual levels of IL1-

RA, sCD30, and TARC were associated with an unfavorable PFS (C3D1 IL1-RA HR 3.7, p= 0.03 ; 

C3D1 TARC HR 8.3, p=<0.001; C3D1 sCD30 HR 6.9, p= 0.01) (Figure 5). At C5D1, only residual 

high level of plasmatic IL1-RA retained prognostic value for event-free survival in the 

multivariate analysis (threshold > 463 pg/ml, HR 3.1, p=0.03, 5-years PFS= 55%). 

We then analyzed whether one combined scoring could help to better stratify patients' 

outcomes after 2 cycles (C3D1).  High residual levels of IL1-RA, TARC, and sCD30 allowed us to 

establish a prognosis score ranging from 0 to 2 which stratified the 105 patients into 3 

significantly distinctive groups according to PFS and OS (Figure 6A and 6B). First, patients with 

a score of 0 had a low-risk of treatment failure with a 5-year PFS of 94% and a 5-year OS of 

100%; secondly, patients with a score of 1 had intermediary risks with a 5-year PFS of 74% and 

a 5-year OS of 82%; and finally, a group with a score of 2 (as no patient had more than 2 

elevated residual cytokines) had a high risk of chemotherapy-resistant cHL. This latter group 

represented only 7% of the whole population and the 5-year PFS and OS were 0%. The 

combination of groups 1 and 2 (score superior or equal to 1) permitted to significantly 

distinguish patients' outcome (41 % pts, HR 10.3, p<0.001) with a PFS at 5-year estimated at 

59% versus 94% and a 5-year OS of 100 % versus 69% (Figure 6C and 6D) (Se 80%, Sp 70%, 

PPV 41% NPV 93% and ACC 72%). 
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Pretherapeutic IL1-RA and C3D1 prognosis score combined with PET 2 response predicts patient 
outcome.    
 

To access the clinical value of pretherapeutic plasmatic levels of IL1-RA, and the C3D1 cytokine 

prognostic score, we combined them with the most used prognostic factor which is PET 2. In 

this study, PET 2 was a significant prognostic factor of poor outcome, with positive PET 2 

patients having a probability of relapse of 50% at 5 years (17% of pts, HR 4.9, p=0.02). All 

cytokines’ levels and PET 2 results are independent of each other at either pretherapeutic or 

C3D1 (p > 0.05 for all cytokines). In the multivariate analysis, PET2 and pretherapeutic IL1-RA, 

were both independent prognosis factors (TEP2: p= 0.04. HR 2.5, pretherapeutic IL1-RA), as 

were PET 2 and the C3D1 prognosis score ≥ 1/3 (TEP2: HR: 4.6, p= 0.006; score ≥ 1/3 HR 9.7, 

p= 0.003). 

The combination of pretherapeutic IL1-RA and PET2 stratified patients’ outcome in 3 

categories (Figure 7A and 7B). The group of patients with both high levels of pretherapeutic 

IL1-RA and positive PET 2 (17% of pts) had the poorest PFS (43%) and OS (60%), whereas 

patients with either one parameter had a 5-year PFS of 64% (33% of pts) and a 5-year OS of 

72%. Patients with no positive parameters had a 5-year PFS above 91% (60% of pts) and OS of 

94%. Combined C3D1 prognosis score ≥ 1/3 and PET2 results (Figure 7B and 7C) also stratified 

patients’ response to treatment. First, patients with a positive score and PET 2 (7% of pts) had 

a 5-year PFS of 20% and OS of 40%. Patients with either a positive score or a positive PET2 

(43% of pts) had a PFS at 5 years of 75% and OS at 5 years of 79%. Finally, patients with none 

of those 2 parameters (50% of pts) had at 5 years a PFS of 96% and OS of 100%.  

Discussion  
 

In this study, we identified a plasma cytokine signature at both pretherapeutic and after 2 

cycles of treatment that can predict cHL patients’ outcome.  

At the pretherapeutic stage of the disease, it is interesting to note, that only high levels of IL1-

RA remained as an independent prognostic factor in our patients’ population compared to 

Casasnovas et al. findings (9). The threshold and proportion found were similar to the 2007 

study (IL1-RA: 668 pg/ml, 35 % of pts, IL-6: 30 pg/ml, 23% of pts) except for sCD30 which level 

in U/mL could not be converted in pg/ml (37% of pts). We speculate that the loss of sCD30 

and IL-6 prognostic value is due mainly to early treatment intensification performed in PET2 

patients. Additionally, CD30s was not dosed by the same technique as the other cytokines, as 

the ELLA automated immunoassay system did not offer it. 47 patients had undetectable 

plasma CD30s levels at diagnosis which could be explained by a default in sensibility of the 

ELISA assay. Theoretically, CD30s represent an ideal tumor marker for the cHL tumor burden 

as it is thought to come from CD30+ HRS cells (20). Here, high sCD30 levels did tend to 

correlate with advanced stage B symptom presence, extra nodal extension, and a high TMTV 

although not significantly.  
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IL1-RA is the natural competitive inhibitor of IL-1, a proinflammatory that stimulates 

immunological defense mechanisms against malignancies by enhancing CD4-, CD8- and NK 

cell functions and lymphokine activated killer cell activation (21) (22). IL-1 direct effect on 

tumor cells in vitro was either stimulation (23) or inhibition (24) depending on the tumor cell 

line used. Thus, the downregulating of IL1 pathways by IL1-RA as a direct competitor for IL1-

Receptor 1 binding (25) may explain why patients with high elevated pretherapeutic and C3D1 

plasma level  IL1-RA had a worse outcome compared to others. In this study, we confirmed 

that it was indeed the absolute cytokines value which  was more informative for patients 

prognosis compared to the evaluation of the mean decrease of cytokine reduction from 

baseline as shown for TARC in the literature (15) (16) (26) (17).   

Nowadays, TARC is one of the most studied cytokines in cHL. Although pretherapeutic TARC 

could not be analyzed in time for this study due to the lack of sensitivity of the ELLA automated 

immunoassay system (7.37 to 4.500pg/mL), data completion is crucial as higher plasmatic 

levels of pretherapeutic TARC have been shown to be correlated with cHL extension clinical 

marker, such as B symptom presence, bulky disease, and metabolic volume (27), and  

treatment response (28) (29) (18). Such information remains important. Should high plasmatic 

levels of pretherapeutic TARC retain prognostic value on PFS or OS (30) in our PET-guided 

strategies-treated patients, they may increase the prognosis accuracy when combined with 

pretherapeutic IL1-RA  as a prognostic factor. There was no missing data at C3D1 and thus 

plasmatic interim TARC was analyzed. As shown in previous studies (18) (17), high residual 

TARC level patients had a PFS significantly lower (Table 5, Figure 5C). Furthermore, we found 

that the threshold for residual TARC plasmatic levels after 2 cycles of treatment (264 pg/ml) 

is significantly lower compared to the one found in other studies. In Plattel et al (18), cutoff 

for interim TARC was 1000pg/mL in a heterogenous population composed of patients with 

early and advanced cHL. Patients were treated by PET guided strategies, and Viviani et al found 

a cutoff of 800 pg/ml in cHL advanced treatment patients included in the prospective PET 

guided phase 2 HD0607 trial (17). We can hence conclude that cytokines thresholds are 

specific to patients’ populations and may vary as seen for other prognosis factors such as 

TMTV (11) (31).   

Beyond the discussion on cytokine results, we could notice that this real-life cohort of patients 

was largely heteroclite. There was indeed a mix between all stages (61% of advanced stages 

and 39% of early-stage patients), all ages (33% were older than 45 years old), and several 

treatment regimens; namely 38% of patients treated per the AHL2011 protocol (5), 33% per 

H10 (6) and 20% per PVAG (32). In particular, older patients treated with a PVAG regimen had 

a significantly lower 5-year PFS of 42% as expected. This overall heterogeneity could be an 

advantage for the use of these cytokines as biomarkers in routine practices. Interestingly, we 

showed that a combination of residual high-level plasmatic IL1-RA, sCD30, and TARC after 2 

cycles of chemotherapy was a relevant prognostic factor to predict PFS and OS independently. 

While it is tempting to compare the prognosis accuracy of this score to PET2 results, our study 

doesn’t allow us to do that directly as PET 2 results play a direct role in the adaptation of this 

patients’ study therapeutic strategies (5) (6). In this study, while the PET2 remained a 

prognosis factor with 5-year PFS estimated at 50% for a positive result and at 89% for negative 
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results with a Se of 32%, Sp of 89%, VPP 47% and NVP of 82%, 14 of the 21 patients with 

relapsed cHL had a PET 2 negative, which highlights the complementary character of both 

plasmatic cytokine levels and the use of PET.  

We showed here that cytokine signature is an important prognosis biomarker at either the 

pretherapeutic stage or C3D1 and although it cannot replace PET2 results as a therapeutic 

decision tool it did enhance its ability to stratify patients according to their outcome. 

Consequently, patients with a negative PET2 but a positive score or pretherapeutic IL1-RA 

should be considered for therapeutic escalation with escBEACOPP whereas patients identified 

as in a high-risk group should be considered for early salvage or new therapy regimens. 

Although both pretherapeutic high levels of plasmatic IL1-RA, and a C3D1 cytokine score≥ 1 

combined with PET2 results, enable to identify the risk of treatment failure, BEACCOP regimen 

or traditional salvage therapy may not be sufficient for those patients. New effective drugs 

therefore need to be investigated. Based on the result of this study we identified 3 potential 

candidates that should be investigated in patients with a high risk of treatment failure. Firstly, 

as high levels of plasmatic sCD30 at C3D1 are found in our study to be associated with poor 

prognosis, Brentuximab vedotin, an ADC (anti-drug conjugate) should be investigated in this 

group of patients (33). PD-1 blockers could also be investigated such as pembrolizumab, an 

anti-PD-1 ab used in refractory cHL. In melanoma, it was shown that blocking the IL-1 signaling 

pathways improved the antimelanoma activity of anti-PD-1 anti-body (ab) therapy (34). When 

transposed to cHL it may be an argument to explore anti-PD-1 ab in cHL front line treatments 

in patients with a high level of IL1-RA, as in this study, IL1- RA strongly correlates with PD-1 

(Figure 2). Finally, Vorinostat is an inhibitor of histone deacetylase (HDAC) activity (35) also 

investigated in relapsed/ refractory cHL (36). It was shown that it indirectly inhibited TARC 

production in Th2 cells and thus induced apoptosis and cell cycle arrest in HRS cells. Hence it 

may be a good candidate for treatment of patients with a high risk of first line treatment 

failure. 

One of the limitations of this study is that our population was relatively small and therefore, 

enabling statistical power loss:  at Baseline 105 patients were analyzed while at C3D1 only 71 

patients’ plasma samples were available with only 27 relapsing patients. Its size stayed 

however comparable to other cHL cytokine studies (18) (28). Further validation of those 

results is additionally necessary, yet external validation in an independent patient population 

seems difficult to manage, we will hence strengthen our results with a bootstrap analysis in 

the future (37).   

Both pretherapeutic and after 2 cycles cytokine signature evaluation on plasma should be 

widely feasible in a large hospital. The ELLA automated immunoassay system allows highly 

reproductible results in 1 hour with 25µL of plasma. sCD30 have not been yet developed with 

this technique at the time of this study however there is no reason why it should not be 

feasible.  

As early risk identification is important, another exploration that could be done would be the 

analysis of early cytokine reduction after one cycle of chemotherapy (C2D1). TARC plasmatic 
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levels after 1 cycle of chemotherapy (C2D1) were associated with better PFS (28). This could 

infer that early high plasmatic levels of the other significant cytokines at C3D1 such as IL1-RA 

and sCD30 could also be associated with a shorter PFS, and therefore enabling anticipated 

therapeutic decision.  

Finally, prognostic factors other than PET2 should be explored in combination with the 

plasmatic signature in the future to further improve patient risk stratification. Distinctive 

features of pretherapeutic PET have been shown to be standalone prognostic factors. The 

total metabolic tumor volume (TMTV) is an independent prognostic factor (31) and reflects 

tumor burden and metabolic activity in cHL. Another interesting feature of initial FDG-PET is 

the distance between the 2 lesions the farthest apart (Dmax) (38), it reflects lesion 

dissemination and has been shown to be an independent prognostic factor. The analysis of 

circulating tumor DNA (ctDNA) is currently being explored as a marker of treatment response. 

The cHL and ctDNA analysis combined with PET2 has been interpreted as have been shown to 

improve the identification of patients with a high risk of treatment failure (39). Nevertheless, 

ctDNA analyses have not been standardized yet and thus are not readily usable in current 

practices. 

Conclusion  
 

In conclusion, plasma cytokine signature at baseline and after 2 cycles of treatment is a 

significant PET2 result independent prognosis marker for front line treatment failure in newly 

diagnosed patients with classic Hodgkin’s lymphoma and treated with PET guided strategies.  
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Figures and Tables  
 

Table 1: Base line patients characteristics at cHL diagnosis  
 

 

 

 

Figure 1: chronologic distribution of time points 
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Figure 2: Correlation matrix representing the relationship between pretherapeutic cytokine 
plasmatic levels and the clinical features of cHL  
 

 

Figure 3: PFS according to pretherapeutic IL1-RA plasma levels ( cutoff > 740pg/ml)  
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Table 2: Univariate analysis of patient’s outcome according to pretherapeutic plasmatic 
cytokine levels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Of patient % % 95% CI Hazard Ratio P

IL1 RA <=740 69 68 87 0.0001

pg/ml >740 33 32 49 1.895 to 9.577 4.261

IL6 <=21 66 65 76 0.5946

pg/ml >21 36 35 72 0.561  to 2.736 1.239

CD30s <=347 72 71 78 0.2437

pg/ml >347 30 29 67 0.723  to 3.517 1.594

PDL1 <= 204 62 61 84 44.1 to - 1.957 0.1053

> 204 39 38 66 0.855 to  4.478

5 years progression free survival 

Univariate   analysis 



 

29 
 

Figure 4: Representation of the cytokine’s plasma level difference between relapse and no 
relapse and the whole population of patients at baseline C3D1, C4D1 and EOT. 
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Table 3: Univariate analysis of patients’ outcome according toC3D1 plasmatic cytokine levels 
 

 

 

Figure 5: PFS according to C3D1, IL1-RA, sCD30 and TARC plasma  
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No. Of patient % % 95% CI Hazard Ratio P

IL1 RA C3D1 <=1067 60 87 85 0.0685

pg/ml > 1067 9 13 56 0.8 to  9.3 2.8

IL6 C3D1 <=9 54 78 85 0.0281

pg/ml > 9 15 22 67 1.1 to 10.6 3.5

CD30s C3D1 <=155 62 90 84 0.0403

pg/ml > 155 7 10 57 0.972 to 13.3 3.6

PDL1 C3D1 <=114 43 62 86 0.1376

pg/ml > 114 26 38 73 0.751  to 6.9 2.2

TARC C3D1 <= 264 54 78 89 <.0001

pg/ml > 264 15 22 53 2.3  to 23.6 7.3

Univariate   analysis 

5 years progression free survival 
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Figure 6:  Patients outcome according to CD3D1 combined cytokine  
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Figure 7: Patient outcome according to pretherapeutic IL1-RA and C3D1 cytokine prognostic 
scores combined with PET2 results.  
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TITRE DE LA THESE :  

 Impact pronostique de la signature cytokinique plasmatique (IL1-RA, IL-6, CD30S, PD-L1 & TARC) 
dans le lymphome de hodgkin classique. Prognostic value of plasma cytokine signature (IL1RA, IL6, 

CD30S, PD-L1 & TARC) in classic Hodgkin lymphoma. 

  

AUTEUR : CAMILLE FONG CHIH KAI  

RESUME : 

Introduction :  Le développement d’outils prognostiques est crucial pour le lymphome de Hodgkin 

classique. L’objectif de cette étude est de déterminer l’impact pronostique sur la survie du taux de 5 

cytokines, : IL1-RA, IL-6, CD30s, PD-L1 et TARC dosées avant et au cours d’un traitement guidé par la 

TEP. 

Méthodes : Nous avons donc analysé l’impact prognostique de taux plasmatiques de 5 cytokines, IL1-

RA, IL-6, CD30s, PD-L1 et TARC dosés au diagnostic et au cours du traitement. 

Résultats : Au diagnostic, le taux d’IL1RA était un facteur indépendant prédictif de la survie sans 

progression (SSP)(seuil : ≥ 740pg/ml, 31% pts HR=4,2, p=0,0001). Après 2 cycles, des taux résiduels 

élevés d’IL1RA (seuil : ≥ 1027 pg/ml ; 60 % des pts), TARC (seuil : ≥ 264pg/ml; 54 % des pts)  et CD30s 

(seuil : ≥ 155pg/ml ; 62 %  des pts) étaient associés à un pronostic défavorable en analyse multivariée 

avec une SSP à 5 ans estimée à 56%, 57% et 53% respectivement. Après 2 cycles, la combinaison des 

taux résiduels de cytokines significatives (IL1-RA, sCD30 et TARC) stratifiait les patients dans 3 groupes 

de risque en fonction de la SSP et de la Survie Globale (SG) (0 cytokine : SSP à 5 ans: 94 %, SG: 100 %, 

59 % des pts ; 1  cytokines : 5 ans SSP: 74 %,  SG : 82 %, 43 % des pts ;  2 cytokines : 5 ans SSP: 0%, SG: 

0%, 7% des pts). La combinaison des groupes des cytokines 1 et 2 était associée à une SSP à 5 ans de 

59 % contre 94 %, tandis que la SG à 5 ans était de 100 % contre 69 %. Au diagnostic, combiné avec les 

résultats du TEP2, les taux plasmatiques pré thérapeutiques d’IL1-RA stratifient les patients selon leur 

SSP et OS(IL1-RA - et TEP2- : SSP à 5 ans: 91%, SG:94 %, 60 % des pts , IL1-RA + ou TEP2+ : SSP à 5 ans: 

64 %,  SG : 72 %, 33% des pts ;  IL1-RA + et TEP2+ :  SSP à 5ans: 43%, SG: 60%, 17% des pts). A C3D1, la 

combinaison du score cytokine de plus d’une cytokine et du résultat de la PET après 2 cycles stratifie 

aussi les patients en 3 groupes (score ≥1 - et TEP2- : SSP à 5 ans : 96%, SG: 100 %, 49 % des pts , score 

≥1 + ou TEP2+ : SSP à 5 ans: 72 %,  SG : 79 %, 44 % des pts ;  score ≥1 + et TEP2+ :  SSP à 5ans: 20%, SG: 

40%, 7% des pts). 

Conclusion : La signature cytokinique en pré thérapeutique et après 2 cycles permettent de mieux 

stratifier le pronostic indépendamment de la TEP après 2 cycles chez les patients atteints de LHc. 

 

MOTS-CLES : LYMPHOME DE HODGKIN, PD-L1, TARC, IL1-RA, SCD30 
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