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I N TRODUC TION

Paediatric classical Hodgkin lymphoma (cHL) is currently 
a highly curable disease with an overall survival of >90%.1,2 
Still, 10%– 15% of patients experience relapse or progres-
sive disease.3– 5 Moreover, in paediatric patients, long- term 

toxicities such as cardiac toxicity, are of great concern.6– 8 The 
challenge remains to tailor treatment to eradicate malignancy 
with minimal side- effects and to identify those patients who 
will need treatment intensification as early as possible.

In paediatric cHL, chemotherapy intensity is based on 
initial staging, the presence of B- symptoms, E- lesions, bulky 

O R I G I N A L  P A P E R

Thymus and activation- regulated chemokine (TARC) as treatment 
response marker for paediatric Hodgkin lymphoma: A pilot study

Eline A. M. Zijtregtop1,2  |    Claudius Diez2 |    C. Michel Zwaan1,2 |    Margreet A. Veening2,3 |   
Auke Beishuizen1,2 |    Friederike A. G. Meyer- Wentrup2

Received: 7 July 2022 | Accepted: 8 September 2022

DOI: 10.1111/bjh.18473  

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, 
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

Auke Beishuizen and Friederike A. G. Meyer- Wentrup contributed equally.  

1Department of Paediatric Haematology and 
Oncology, Erasmus Medical Centre –  Sophia 
Children's Hospital, Rotterdam,  
The Netherlands
2Department of Paediatric Haemato- 
Oncology, Princess Máxima Centre for 
Paediatric Oncology, Utrecht,  
The Netherlands
3Department of Paediatric Haemato- 
Oncology, Amsterdam University Medical 
Centre, Location VUmc, Amsterdam,  
The Netherlands

Correspondence
Auke Beishuizen, Princess Máxima Centre for 
Paediatric Oncology, Postbus 85090, 3508 AB 
Utrecht, the Netherlands.
Email: a.beishuizen-2@
prinsesmaximacentrum.nl

Funding information
Erasmus MC foundation; Ferenc Foundation

Summary
Classical Hodgkin lymphoma (cHL) is characterised by malignant Hodgkin Reed– 
Sternberg cells located in an inflammatory microenvironment. Blood biomark-
ers result from active cross- talk between malignant and non- malignant cells. One 
promising biomarker in adult patients with cHL is thymus and activation- regulated 
chemokine (TARC). We investigated TARC as marker for interim and end- of- 
treatment response in paediatric cHL. In this multicentre prospective study, TARC 
levels were measured among 99 paediatric patients with cHL before each cycle of 
chemotherapy and were linked with interim and end- of- treatment remission status. 
TARC levels were measured by enzyme- linked immunosorbent assay. At diagnosis, 
TARC levels were elevated in 96% of patients. Plasma TARC levels declined signifi-
cantly after one cycle of chemotherapy (p < 0.01 vs. baseline) but did not differ at 
interim assessment by positron emission tomography (p = 0.31). In contrast, median 
plasma TARC at end of treatment was significantly higher in three patients with 
progressive disease compared to those in complete remission (1.226 vs. 90 pg/ml; 
p < 0.001). We demonstrate that, in paediatric patients, plasma TARC is a valuable 
response marker at end- of- treatment, but not at interim analysis after the first two 
chemotherapy cycles. Further research is necessary to investigate TARC as marker 
for long- term progression free survival.
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disease, and erythrocyte sedimentation rate (ESR) level at 
diagnosis. Radiotherapy (RT) can be omitted depending on 
the response to chemotherapy, which is assessed by com-
bined fluorodeoxyglucose- positron emission tomography 
with computed tomography (FDG- PET/CT) after the first 
two cycles of chemotherapy.2 PET/CT has a high negative 
predictive value; however, its positive predictive value (PPV) 
is modest.9,10 Other disadvantages of using PET/CT are 
 exposure to radiation, time consumption, and high costs.11 
Due to the lack of fully accurate predictive factors, there is a 
medical need to identify prognostic (bio)markers.

Blood biomarkers hold promise to be practical, patient- 
friendly and cost- effective, with a high reproducibility and 
comparability between laboratories. They result from the 
communication of Hodgkin Reed– Sternberg (HRS) cells 
and the tumour microenvironment (TME) and therefore 
potentially reflect lymphoma viability.12,13 They could be 
used as serial markers before, during and after treatment 
to determine early treatment response and to detect disease 
recurrence after end of treatment (EOT). However, such 
markers must be at least as specific and sensitive as FDG- 
PET imaging.

One biomarker reported in adult patients with cHL 
is thymus and activation- regulated chemokine (TARC, 
also termed CCL17).14– 17 TARC is produced by HRS cells 
and antigen- presenting cells and attracts T- helper type 2 
cells.18 We recently demonstrated that TARC is a sensitive 
and specific marker for the diagnosis of paediatric cHL.19 
Additionally, we established normal values for TARC in pae-
diatric patients and set a cut- off level for elevation of TARC 
in paediatric patients.19 In adult patients with cHL, TARC is 
also correlated with treatment response.15– 17,20,21 High post- 
therapy TARC levels were associated with poorer survival,22 
whereas early reduction of TARC after one cycle of chemo-
therapy was associated with treatment success.20 Finally, 
Plattel et al.23 concluded in 2020 that the PPV of interim 
TARC levels was higher than the PPV of the interim PET 
scan (iPET) after two cycles of chemotherapy.

One biomarker reported in adult cHL patients is thymus 
and activation- regulated chemokine (TARC, also termed 
CCL17).14– 17 TARC is produced by HRS cells and antigen- 
presenting cells and attracts T- helper type 2 cells.18 We 
 recently demonstrated that TARC is a sensitive and specific 
marker for the diagnosis of paediatric cHL.19 Additionally, 
we established normal values for TARC in paediatric pa-
tients and set a cut- off level for elevation of TARC in paediat-
ric patients.19 In adult cHL patients, TARC is also correlated 
with treatment response.15– 17,20,21 High post- therapy TARC 
levels were associated with poorer survival,22 whereas early 
reduction of TARC after one cycle of chemotherapy was as-
sociated with treatment success.20 Finally, Plattel et al. con-
cluded in 2020 that the positive predictive value (PPV) of 
interim TARC levels was higher than the PPV of the interim 
PET- scan after two cycles of chemotherapy (iPET).23

To our knowledge, TARC levels during treatment in pae-
diatric patients with cHL have not yet been reported. We 
therefore analysed serial TARC levels before, during and 

after treatment, and compared them with treatment re-
sponse determined by radiological and pathological assess-
ment in a large cohort of paediatric patients with cHL.

M ETHODS

Study population

We conducted a prospective, multicentre study in the 
Erasmus Medical Centre— Sophia Children's Hospital 
(EMC— Sophia) in Rotterdam, the Princess Máxima Centre 
for Paediatric Oncology in Utrecht, and the Amsterdam 
University Medical Centre, location VUmc, in Amsterdam 
(all in the Netherlands). Patients were enrolled from 1 
November 2016 until 1 January 2022. As there are no studies 
of TARC as response marker in children reported, this is a 
pilot study to investigate if there is an association between 
TARC and treatment response. A total of 99 paediatric pa-
tients with cHL who finished treatment were included; base-
line TARC data for 47 of these patients have been reported 
previously.19 For the description of inclusion and exclusion 
criteria please refer to that report.19

Baseline characteristics including age, sex, presence of 
B- symptoms, ESR, C- reactive protein, stage, bulky disease 
and E- lesions were collected. All patients and/or parents or 
guardians provided written informed consent according 
to national laws. This study is Institutional Review Board- 
approved and registered under Dutch Trial registry number 
6876.

Initial staging and treatment and 
response assessment

The staging procedures were described in our previously 
published report.19 All patients received two cycles of OEPA 
chemotherapy (containing prednisolone, vincristine, doxo-
rubicin and etoposide). After these cycles an iPET was per-
formed. For all sites with visibly enhanced FDG- uptake the 
Deauville score was determined. Deauville scores were de-
fined as (i) no uptake above background, (ii) uptake equal 
to or lower than mediastinum, (iii) uptake between medi-
astinum and liver uptake, (iv) uptake moderately increased 
compared to the liver and (v) uptake markedly increased 
compared to the liver.24,25 The cut- off for PET positivity was 
set at Deauville score of ≥4. Patients were classified as par-
tial metabolic remission (PMR) when they had any sites of 
Deauville uptake of ≥4. Patients with lower Deauville scores 
were defined as complete metabolic remission (CMR).

After two cycles of OEPA chemotherapy, patients con-
tinued with one, two or four cycles of consolidation poly-
chemotherapy. In most patients RT could be omitted, based 
on their response to treatment, i.e., patients with a CMR by 
iPET. When chemotherapy was finished, radiological as-
sessment was repeated: patients with partial remission at 
interim analysis were assessed with a PET and magnetic 
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resonance imaging (MRI) scan and patients with complete 
remission (CR) at interim analysis were assessed with MRI 
or CT. Patients were divided in two subgroups at EOT; CR or 
no CR. No CR was defined as refractory disease or progres-
sive disease/relapse. Progression or relapse was suspected if 
at least one initially involved mass increased by >25% com-
pared to the best previous response or when new lymphatic 
or extra- lymphatic lesions occurred. If there were signs of 
progression or relapse found by radiological assessment, ad-
ditional investigations and biopsy were necessary to confirm 
this.

Sample collection and enzyme- linked 
immunosorbent assay

Plasma and serum TARC samples were collected at diagno-
sis, prior to the commencement of every subsequent cycle of 
chemotherapy, prior to the commencement of RT and at the 
end of all treatment. As patients received one, two or four cy-
cles of consolidation chemotherapy depending on their ex-
tent of disease, and as not all patients received RT, we did not 
obtain the same amount of TARC samples from all patients. 
Patients with one cycle of consolidation chemotherapy and 
no RT had four time- points (TPs) of TARC available (TP1, 
TP2, TP3, TP8), patients with one cycle of consolidation 
chemotherapy and additional RT had five TPs available (TP1, 
TP2, TP3, TP4, TP8), patients with two cycles of consolida-
tion chemotherapy and no RT had five TPs available (TP1, 
TP2, TP3, TP4, TP8), patients with two cycles of consolida-
tion chemotherapy and additional RT had six TPs available 
(TP1, TP2, TP3, TP4, TP5, TP8), patients with four cycles 
of consolidation chemotherapy and no RT had seven TPs 
available (TP1, TP2, TP3, TP4, TP5, TP6, TP8), and finally 
patients with four cycles of consolidation chemotherapy and 
additional RT had eight TPs available (TP1, TP2, TP3, TP4, 
TP5, TP6, TP7, TP8). For all patients TP1 was taken before 
start of treatment, TP3 before start of the third chemother-
apy cycle (at time of iPET) and TP8 was taken after finishing 
treatment (including RT). The procedure of sampling and 
analysis is described in our previous report.19 TARC values 
of >875 pg/ml at diagnosis were considered elevated.19

Outcome

The outcome measures of this study were as follows: (i) as-
sociation of pre- treatment TARC levels with established 
prognostic risk factors, (ii) evaluate TARC levels to predict 
treatment response, and (iii) TARC levels as an indicator for 
remission status at the EOT.

Statistical analyses

Statistical inter- group comparison of categorical variables 
was done using Pearson's chi- squared test or Fisher's exact 

test (in case of sparse data). A rank- sum test was used to com-
pare continuous non- normally distributed variables. TARC 
levels were compared to iPET results and to the results of the 
radiological evaluation and pathological outcome at end of 
therapy. We analysed the relative change of TARC response 
between TPs by calculating the difference between TARC 
values between TP1 (baseline) and TP3 (iPET) and for the 
period between TP3 and TP8 (EOT). For binary outcome, 
logistic regression was used to assess a potential association. 
The area under the curve (AUC) of TARC values from initia-
tion until termination of treatment and from interim assess-
ment until termination was used as a single overall response 
feature during the clinical course. A p < 0.05 was considered 
statistically significant. Data analysis was performed with 
Stata 17.1 SE for Windows (StataCorp.).

R E SU LTS

Patient characteristics

In total, 99 patients with newly diagnosed cHL who finished 
treatment were included. Baseline characteristics of these 
patients are summarised in Table 1. The median (range) age 
was 14  (6– 17)  years and there were slightly more females 
(n = 52 [52.5%]), than males.

Plasma TARC at diagnosis in patients with cHL

Plasma TARC in newly diagnosed patients was measured 
at diagnosis (TP1) in 96 patients. In three patients, TARC 
samples were taken after the start of chemotherapy, and 
therefore these values were excluded. The median (range) 

T A B L E  1  Patients' baseline characteristics

Characteristic Value

Number of patients 99

Age, years, median (range) 14 (6– 17)

Male, n (%) 47 (47.5)

B- symptoms, n (%)

Fever 17 (17.2)

Drenching night sweats 31 (31.3)

Weight loss 12 (12.1)

ESR >30 mm/h 66 (66.7)

Stage, n (%)

1 0 (0.0)

2 37 (37.4)

3 33 (33.3)

4 29 (29.3)

E- lesions, n (%) 19 (19.4)

Bulky disease, n (%) 38 (38.4)

Radiotherapy, n (%) 27 (27)



   | 73ZIJTREGTOP et al.

value was 14 073  (139– 142 276)  pg/ml. Plasma TARC was 
elevated (≥875 pg/ml) in 96/99 (97%) of patients. The 
plasma TARC levels at baseline were significantly higher 
in patients with an ESR of >30 mm/h (p  =  0.01), with E- 
lesions (p = 0.001), with bulky disease (p < 0.001) and with 
B- symptoms (p = 0.02). The plasma TARC levels were not 
correlated with staging (p = 0.50). TARC data in serum were 
comparable with plasma.

TARC levels and treatment response at iPET

The TARC levels were measured before each cycle of chemo-
therapy (Figure  1). As patients received one, three or four 
cycles of consolidation chemotherapy and some patients re-
ceived also additional RT, the number of TARC samples per 
patients differed. Table 2 shows the number of TARC sam-
ples available per TP and the missing cases.

The iPET after two cycles of chemotherapy (at TP3) was 
performed in 98 out of 99 patients. One patient passed away 
during treatment due to complications of the chemotherapy, 
and therefore TARC values or radiological results were not 
available from TP2 to TP8.

In all, 56 (57%) patients achieved CMR at iPET and 42 
(43%) achieved PMR.

Plasma TARC samples were available at baseline in 96 
patients, and at TP2 and TP3 in 94 patients. In all the pa-
tients, TARC levels had already decreased after one cycle 
of chemotherapy (TP2) (p < 0.01; Figure  1). At TP2, the 
median (range) value of TARC was 148  (37– 12 535)  pg/
ml (n  =  99). After two cycles of chemotherapy (TP3), 
the median (range) TARC value was 85 (19– 1174) pg/ml 
(n  =  99). In 94 patients, data of both TARC at TP3 and 
the results of the iPET were available; patients with CMR 
(n = 55) had a median (range) value of 77 (32– 469) pg/ml 
compared to a median (range) TARC value of 101  (19– 
1174)  pg/ml in patients with PMR (n  =  39) (p  =  0.31; 
Figure 2). Logistic regression for iPET and TARC at TP3 
showed an odds ratio (OR) of 1.00 (95% confidence inter-
val [CI] 0.99– 1.00, p = 0.1). There was also no statistical 
difference in the relative change of TARC values between 
TP1 and TP3 between patients with CMR and PMR status 
on PET scan (98.9% vs. 99.3%, p = 0.44). Data in serum 
were comparable.

We investigated a potential association of TARC lev-
els at diagnosis (baseline TARC at TP1) with the result of 
the iPET. TARC levels at TP1 did not statistically signifi-
cantly differ by iPET status: patients with CMR showed 
a median (range) baseline TARC of 11 336 (139– 142 276) 
pg/ml compared to 20 841 (197– 65 545) pg/ml for patients 

F I G U R E  1  Thymus and activation- regulated chemokine (TARC) levels at diagnosis and during treatment. (A) Serial plasma TARC levels at 
diagnosis and during treatment; time- point 1 (TP1) to TP8 (end of treatment). (B) Serial serum TARC levels. EOT, end of treatment; MRI, magnetic 
resonance imaging; (i)PET, (interim) positron emission tomography.

(A)

(B)
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with PMR (p = 0.09) (Figure 2). An additional logistic re-
gression failed to demonstrate a significant association 
with an OR of 1.00 (95% CI 0.99– 1.00, p = 0.49). Also, the 
receiver operating characteristic analysis showed insuffi-
cient discrimination with an AUC of 0.60 (95% CI 0.48– 
0.72). Data in serum showed no significant association as 
well.

TARC levels associated with treatment response 
at EOT

A total of 98 patients finished treatment at time of analysis and 
had radiological assessment and TARC analysis, data of one 
patient were missing as this patient died during treatment. In 
all, 91 patients were in CR at the EOT- radiological assessment. 

T A B L E  2  Number of thymus and activation- regulated chemokine samples available per time- point

TP1 TP2 TP3 TP4 TP5 TP6 TP7 TP8

No. of samples 96 94 94 78 60 47 12 94

No. of missing 3 3 3 9 7 7 1 3

No. of NA 0 2 2 12 32 43 88 2

Notes: A TP is not applicable when a patient does not receive therapy at that TP as described in the methods section. One patient died at the beginning of treatment, the 
samples of this patient from TP2– T8 are registered as NA in this table.
Samples were categorised as missing when they were not taken or taken after the start of the chemotherapy cycle. All samples were randomly missing; most patients had one 
TP missing, three patients had three TPs missing and one patient had six TPs missing.
Abbreviations: NA, not applicable; No., number; TP, time- point.

F I G U R E  2  Thymus and activation- regulated chemokine (TARC) levels at baseline (time- point 1 [TP1]) and TP3 associated with the remission 
status on interim PET (iPET) scan. (A) Plasma TARC levels at baseline (TP1) were not associated with remission status on iPET scan (p = 0.08). Logistic 
regression for iPET and plasma TARC at TP1 showed also no meaningful association with an odds ratio (OR) of 1.00 (95% confidence interval [CI] 
0.99– 1.00, p = 0.49). (B) Serum TARC levels at TP1 were not associated with remission status on iPET scan (p = 0.06; OR 1.00, 95% CI 1.00– 1.00, p = 0.03). 
(C) Plasma TARC levels at TP3 were not associated with remission status on iPET scan (p = 0.31). Logistic regression for iPET and plasma TARC at TP3 
showed also no meaningful association with an OR of 1.00 (95% CI 0.99– 1.00, p = 0.1). (D) Serum TARC levels at TP3 were not associated with remission 
status on iPET scan (p = 0.12; OR 1.00, 95% CI 0.99– 1.00, p = 0.1). CMR, complete metabolic remission; PMR, as partial metabolic remission.
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In seven patients radiological imaging was suspicious for 
progressive disease. This was confirmed by biopsy in three 
patients. The other four patients did not receive a biopsy 
and were instead reassessed radiologically after 3 months 
and did not show any signs of progressive disease anymore. 
Thus, three of 95 patients had biopsy- confirmed progressive 
disease. Two of these patients showed PMR at their iPET and 
one patient CMR. TARC values were analysed at EOT (TP8) 
and were associated with the pathology results. The median 
(range) TARC values at TP8 (n = 94) were 90 (24– 400) pg/
ml in patients with CR and 1226 (1135– 3041) pg/ml in the 
three patients with progressive disease (p < 0.001; Figure 3); 
all three patients with progressive disease had a TARC value 
at EOT of >1000 pg/ml. In these three patients, TARC levels 
first normalised after the start of chemotherapy and then 
rose again between TP3 and TP8 (Figure 3). The ‘distance’ 
between the lowest TARC for a patient with progressive 
disease and the highest TARC for a patient with CR was 
several 100 units of TARC. The relative change of plasma 
TARC between TP3 and EOT was also significantly different 

between the two groups; the median TARC changed only 
3.1% for patients in CR compared with 187%– 330% for 
patients with progressive disease (p = 0.002).

Serum TARC values (TP8) also differed by pathologi-
cal outcome; the median (range) serum TARC values were 
255  (45– 1640)  pg/ml in patients with CR and 3018  (2122– 
6789) pg/ml in patients with progressive disease (p < 0.001). 
However, the ‘distance’ between the lowest serum TARC 
value for a patient with progressive disease and the highest 
serum TARC for a patient in CR was rather small compared 
to the plasma TARC values (Figure 3).

Based on the currently low number of patients with pro-
gressive disease, the identification of early treatment failure 
(before TP8) was not feasible yet.

Both plasma TARC and serum TARC were found to be 
a more specific marker with a much higher PPV for pro-
gressive disease than the radiology assessment. There were 
seven patients with signs of progressive disease on radiol-
ogy assessment at EOT. However, only three of them had 
confirmed progressive disease, confirmed with additional 

F I G U R E  3  Thymus and activation- regulated chemokine (TARC) levels at end of treatment (EOT) for patients with complete remission (CR) versus 
progressive disease (ProgD) based on pathological confirmation. (A) Plasma TARC levels at EOT for patients with CR versus ProgD. (B) Serum TARC 
levels at EOT for patients with CR versus ProgD. (C) All available serial plasma TARC values for patients. (D) All available serial serum TARC values for 
all patients. Grey lines represent patients in CR, the black lines represent the patients with histologically confirmed ProgD (hcProgD) and the dashed 
lines represent the patients with suspected ProgD at radiological assessment, but not histologically confirmed (poProgD). All patients with ProgD have a 
clear increase of TARC, compared to the patients in CR. Patients with a false positive radiological outcome, show no increase of TARC.
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investigations and biopsy, and therefore four patients were 
false positive at radiological assessment. The sensitivity of 
radiological assessment was therefore 100%, the specificity 
95.8% and the PPV 42.9%. Plasma TARC had a 100% sensi-
tivity, specificity and PPV in our sample using a threshold of 
>1000 pg/ml.

There were 27 patients who received RT, after complet-
ing chemotherapy cycles. All these patients already had nor-
malised TARC levels before starting RT. One of the patients 
with progressive disease at EOT received RT, this patient 
showed a TARC level of 229 pg/ml before starting RT. The 
other two patients with progressive disease did not receive 
RT.

Early TARC reduction associated with treatment 
response at EOT

We also investigated the association between early plasma 
TARC reduction (after one cycle of chemotherapy) and 
treatment outcome at iPET and EOT. Logistic regression of 
iPET on TARC levels at TP2 showed an OR of 1.00 (95% CI 
0.99– 1.00, p = 0.21). Logistic regression of iPET on the rela-
tive change of TARC from TP1 to TP2 resulted in an OR of 
1.8 (95% CI 0.06– 51.1, p  =  0.73). The logistic regression of 
the EOT- radiological outcome on the absolute and relative 
change of TARC from TP1 to TP2 also showed no significant 
association (OR 0.99, 95% CI 0.99– 1.00, p  =  0.69; and OR 
0.84, 95% CI 0.001– 572, p = 0.95 respectively). Data in serum 
were comparable.

Area under the curve of TARC values as a single 
response feature and clinical outcome

Finally, we investigated if the AUC of TARC levels as a sin-
gle summary response feature was correlated with clinical 
outcome. There was no statistically significant difference 
in the AUC of TARC from TP1 to EOT, when stratified by 
outcome. We hypothesised that the period between iPET 
(TP3) and EOT might play a more important role, as iPET 
showed no signs of progressive disease. We differentiated 
between patients who received two cycles of consolida-
tion chemotherapy and patients who received four cycles 
of consolidation chemotherapy, as the patients with four 
cycles had got more TPs of TARC available. For patients 
who received two consolidation chemotherapy cycles, we 
then included patients with complete TARC profiles for 
TP3, TP4 and TP8. The one patient with pathologically 
confirmed progressive disease had a much higher AUC for 
TARC of 3476 compared to an AUC of 647 (range 170– 
2601, n  =  26) for patients with CR at EOT. For patients 
who received four cycles of consolidation chemotherapy, 
we then included patients with complete TARC profiles 
for TP3, TP5 and TP8. The two patients with pathologi-
cally confirmed progressive disease showed a significantly 
higher AUC of 4665 (range 4240– 5091) pg/ml for plasma 

TARC compared to an AUC of 580 (range 121– 1726) pg/ml 
for patients (n = 49) with CR at EOT.

DISCUSSION

This TARC analysis is unique, as to the best of our knowl-
edge it is the first study performed in paediatric patients with 
cHL. There is increasing evidence for TARC as a response 
marker in adult patients with cHL.14,15,23 Because adult and 
paediatric cHL differ partly with respect to histology, clini-
cal presentation, staging and prognosis,26– 28 it is important 
that TARC as a response marker is evaluated in a paediatric 
cohort. Additionally, for a pilot study the size of this study is 
adequate, considering the lower incidence of cHL in the pae-
diatric population compared to the adult population. In this 
study, we showed that TARC is a reliable marker for early 
progression at EOT in paediatric patients with cHL. We also 
found that TARC is a more specific marker for such early 
progression at EOT than the radiology assessment. At the 
same time, TARC appeared not to be helpful in evaluating 
induction response.

In our study, TARC levels were elevated in 96% of paedi-
atric patients with primary diagnosis of cHL, which makes 
TARC a very suitable biomarker for cHL. We demonstrated 
that TARC levels already drop significantly after one cycle of 
chemotherapy. This is consistent with the studies of Plattel 
et al.16,21 in adult patients with cHL.

Guidetti et al.20 did find an association with TARC lev-
els and interim remission status in adult patients with cHL. 
Viviani et al.29 found an association between early reduction 
of TARC and treatment response. Plattel et al.23 found an 
association between interim TARC levels and treatment out-
come. We could not confirm these findings in our study. It 
is unclear if these differences between paediatric and adult 
patients are caused by pathophysiological differences be-
tween these groups or due to extrinsic factors. Possible ex-
planations for this could be differences in therapy; paediatric 
patients receive two cycles of OEPA chemotherapy, whereas 
adult patients mostly receive ABVD cycles (adriamycin, 
bleomycin, vinblastine, and dacarbazine). Secondly, it could 
be possible that FDG- PET avidity at iPET is partly caused 
by inflammation due to a more active immune system in 
children and not by Hodgkin activity, therefore resulting in 
low TARC levels.30,31 Thirdly, paediatric and adult cHL dif-
fer also biologically.27,28,32 Taking this together, more studies 
with a larger sample size of paediatric patients are necessary 
to draw definite conclusion about this.

The TARC levels at EOT were associated with loss of re-
mission status. As there were only three patients with pro-
gressive disease at EOT in this study, a larger series is needed 
to confirm that TARC can be used as a marker for progres-
sive disease. However, our findings are in line with the data 
of adult patients and therefore it is plausible that TARC is a 
marker for treatment response in the paediatric population 
as well.14,16,23 In our study, TARC was found to be more pre-
dictive for loss of response than radiology assessment. This 
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is in line with studies in adult patients. Plattel et al.23 found a 
concordance of response on iPET and TARC levels in 87% of 
adult patients with cHL. They also found that TARC- based 
response evaluation provided an improved PPV for 5- year 
progression- free survival and similarly, an improved nega-
tive predictive value compared to PET- based response eval-
uation. Hsi et al.23 found that TARC is the best prognostic 
factor for progression- free survival.33,34 These results could 
be explained by the fact that PET scans have a high false pos-
itive rate.

Consistent with adult studies, TARC levels in paediatric 
patients with cHL were associated with bulky disease16,20,35 
and with B- symptoms and ESR.16,17 An association with dis-
ease stage was not found unlike results from most studies 
in adults.16,20,22 However, these results were in line with our 
previous study in paediatric patients.19 In the present study 
and in our previous study, there were no patients with Stage 
1 disease included. Moreover, 25 of the 37 patients with Stage 
II disease in this study had either B- symptoms, bulky dis-
ease, E- lesion or elevated ESR. This might contribute to the 
fact that we did not find an association of TARC levels with 
disease stage.

This study demonstrates that both plasma and serum 
can be used to evaluate TARC in paediatric patients with 
cHL. Outcomes of plasma TARC and serum TARC in this 
study were mostly comparable. However, for the patients 
with progressive disease versus those with CR at EOT, 
plasma TARC was more discriminative than serum TARC. 
Therefore, we recommend using plasma TARC for disease 
monitoring.

A limitation of this study is the small number of cases 
with progressive disease. This is due to the low incidence 
of progressive disease in the paediatric population. Larger 
powered studies are necessary to draw conclusions about 
the value of TARC as a marker for long- term progression- 
free survival. Studies in adult patients also show that there 
is a correlation with TARC and the 5- year progression- free 
survival.14,23

With the outcome of this study and the studies in adult 
patients in mind, we suggest that TARC measurement 
should be added to the routine assessment in paediatric 
patients with cHL at diagnosis and during treatment. The 
costs of TARC measurements are much lower than radiolog-
ical assessment; one TARC measurement costs ~€28 versus 
~€1200 for a PET- scan and ~€700 for a full- body MRI. Many 
hospitals can perform TARC analysis, as it is also used as 
biomarker for other diseases, among which atopic derma-
titis.18 However, if TARC analysis is not possible at a hos-
pital, plasma can be sent easily to a neighbouring hospital 
for analysis. The plasma samples should be centrifuged by 
the local laboratory and transported to the hospital that can 
perform TARC analysis. When TARC levels increase above 
1000 pg/ml after a previous decrease, further research would 
be recommended. On the other hand, a low TARC with a 
suspicious radiological outcome, without clinical signs of a 
relapse, could justify a wait- and- see policy. Further research 
is necessary to decide if TARC can replace radiological 

assessment, which would drastically decrease costs. There 
are no data in paediatric patients on TARC levels during 
follow- up, so therefore we cannot draw precise conclusions 
on the interpretation and recommendations of TARC as-
sessment during follow- up. However, we suggest that TARC 
measurements should also be added to the routine surveil-
lance during follow- up, with the same recommendation as 
during treatment.

We found that TARC is a marker for outcome at EOT 
in children with cHL. Because almost all children have 
elevated TARC levels at diagnosis, this makes TARC a 
very suitable biomarker. Future studies in paediatric cHL 
should further explore the reliability of TARC levels and 
FDG- PET imaging in relation to long- term treatment out-
comes. Moreover, it could be worthwhile to study TARC as 
a follow- up marker for early detection of relapse instead of 
radiological assessments.
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