
Introduction 

Pediatric Hodgkin lymphoma (pHL) is a rare disease in Korea with a 

crude incidence of 1.3 per million among ages 0 to 14 years [1]. In 

the United States, pHL accounts for nearly 5%–10% of pediatric 

malignancies, with approximately 1,700 newly diagnosed cases 

among children under 20 years old [2]. Studies conducted in west-

ern countries report that pHL is a highly curable disease with 

5-year event-free survival (EFS) and overall survival (OS) exceeding 
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90% [3]. However, the epidemiology and clinicopathologic features 

of Hodgkin lymphoma in Korea show discrepancies with the fea-

tures of western countries [4]. 

High-dose mantle-field radiotherapy (RT) ensures long-term sur-

vival of greater than 80%, but long-surviving patients experience 

unacceptable complications, including cardiovascular and endocri-

nal morbidity and secondary malignancies [5]. Therefore, recent 

studies have applied risk-adapted chemotherapy combined with 

low-dose RT, and they demonstrated long-term survival and EFS 
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over 90% [6-10]. Contemporary radiation techniques with in-

volved-field radiotherapy (IFRT) or involved-nodal radiotherapy 

(INRT) have lower risks of long-term toxicities. 

There are only a few studies that have reported on Hodgkin lym-

phoma, but most of them have included the entire age group due 

to the extremely low incidence of pHL in Korea. Only one study 

specifically reported the clinical features and survival of pediatric 

malignant lymphoma cases, including 18 patients with pHL, but no 

clinical data about the treatment modality or RT techniques were 

described [11]. Moreover, there is no report on the survival or treat-

ment-related toxicities of pHL among pediatric and adolescent 

cases in Korea that received contemporary combined-modality 

treatment (CMT). Therefore, we observed the clinical outcomes and 

long-term toxicity of pediatric patients with Hodgkin lymphoma 

after CMT with IFRT or INRT in a single institute. 

Materials and Methods 

We reviewed the medical records of pediatric patients under 19 

years old with Hodgkin lymphoma between January 1990 and July 

2017. All patients were pathologically diagnosed with pHL by sur-

gical biopsy or percutaneous lymph node biopsy. We excluded pa-

tients with (1) only a short-term follow-up period, or (2) man-

tle-field RT. Patients were included if they received CMT with che-

motherapy followed by RT with IFRT or INRT. Approval by the Insti-

tutional Review Board of Asan Medical Center was obtained for 

this study (IRB No. 2018-0774).

Patients were physically examined and underwent chest X-ray 

and computed tomography (CT) of the neck, chest, abdomen, and 

pelvis. Patients who were diagnosed after 2006 could also undergo 

additional positron emission tomography combined with computed 

tomography (PET-CT). Bone marrow aspiration was performed for 

the exclusion of bone marrow involvement. 

Patients were staged according to the Cotswold modification of 

Ann Arbor Staging (AAS). Bulky disease was defined as the longest 

diameter of a lymph node (LN) >6 cm or a mediastinal mass with 

more than one-third of the maximal thoracic diameter. B symp-

toms were defined as unexplained fever >38°C, unexplained 

weight loss >10% within the last 6 months, and/or night sweats. 

We classified the risk of the patients based on their initial stage, 

the presence of bulky disease, and the presence of B symptoms. The 

low-risk group was defined as AAS I–II without adverse factors (B 

symptoms or bulky disease). The intermediate-risk group was de-

fined as AAS I–II with adverse factors or AAS III without adverse 

factors. The high-risk group was AAS III–IV with adverse factors. 

The details of the patient classification and risk-stratification are 

described in Fig. 1. 

All patients received chemotherapy before RT. The chemotherapy 

regimens varied by their risk classification. The majority of the pa-

tients received chemotherapy based on the Children’s Oncology 

Group (COG) protocols with risk-adapted therapy [8-10,12]. Pa-

tients diagnosed before the development of the COG protocols re-

ceived ABVD (doxorubicin, bleomycin, vinblastine, and dacarbazine) 

or MOPP (nitrogen mustard, vincristine, prednisone, and procarba-

zine) based regimens, which originated from studies of adult Hod-

gkin lymphoma. We assessed the disease response after completion 

of the chemotherapy as a 1st response or after the number of cy-

cles that each protocol specified.  

Patients received RT within 1 month after the completion of 

chemotherapy. We delineated the target volumes based on the 

guidelines for IFRT and INRT [13,14]. Gross target volume (GTV) 

was defined as visibly involved LNs based on the pre- and 

post-chemotherapy PET-CT. For IFRT, clinical target volume (CTV) 

covered the main involved lymph node region in the pre-treatment 

CT or PET-CT. For INRT, we considered the initial volume of the in-

volved LNs or residual involved LNs on post-treatment PET-CT to 

contour the CTV. We contoured the planning target volume (PTV) 

by extending 7–10 mm from the CTV, considering organ move-

ments and set-up variations. We delivered 19.8–36 Gy to the PTV 

with a fraction size of 1.5–2.0 Gy. In particular, patients with a 

complete remission (CR) at the 1st response received RT with a 

dose less than 30.6 Gy. After the results from the COG protocols for 

pediatrics and young adults were published, our institution further 

decreased the dose for CR patients to 25.2 Gy [8,10]. Patients who 

did not achieve a CR at the 1st response received boost RT to the 

residual involved LN. Overall, we mostly delivered a total RT dose 

under 40 Gy. 

pHL, treated with CMT at 
AMC (n = 29)

Intermediate risk 
(n = 10)

High risk 
(n = 2)

Low risk 
(n = 15)

Eligible patients 
(n = 27)

Risk-stratification based on the COG protocol 
Stage, B symptom, Bulky disease

Two patients were excluded:
• short-term follow-up loss (n = 1)
• received mantle field RT (n = 1)

Fig. 1. Flow chart with selection criteria and risk-stratification. pHL, 
pediatric Hodgkin lymphoma; CMT, combined modality treatment; 
AMC, Asan Medical Center; COG, Children’s Oncology Group.

199https://doi.org/10.3857/roj.2020.00346

Radiation therapy for Hodgkin lymphoma



After completion of CMT, we performed a physical examination; 

neck, chest, and abdominopelvic CT and/or PET-CT as the final re-

sponse assessment. Non-complete responders (non-CR) subse-

quently received additional treatment. Regular follow-ups with 

whole-body CT or MRI were performed every 6 months until 2 

years after the completion of treatment, and every 1 year after 

that. 

A CR was defined as a more than 70% decrease of the sum of 

the products of the perpendicular diameters of measurable lesions 

(SPPD) for the patients with CT only [8]. For the patients with PET-

CT, a CR was defined as Deauville Criteria 1 to 3 [15]. A partial re-

sponse (PR) was defined as a decrease of SPPD between 50%–70% 

for CT only, and Deauville Criteria 4 without any new lesions. 

Acute and late toxicities were evaluated based on the pre- and 

post-treatment general blood chemistry, thyroid function test, 

post-treatment imaging, pulmonary function tests, echocardio-

grams, and systemic review. We evaluated acute toxicities during 

treatment and the 1 month after completion of CMT. Acute toxici-

ties were divided into chemotherapy-induced and RT-induced tox-

icities. Thyroid function and pulmonary function tests were con-

ducted for patients who received RT to these organs or by the clini-

cian’s decision. Patients with a high cumulative anthracycline dose 

underwent an echocardiogram at least once after the CMT. We 

evaluated the severity of the toxicities with the Common Terminol-

ogy Criteria for Adverse Events version v4.03 [16]. 

We used the Kaplan-Meier method for survival analysis with 

SPSS software for Windows (version 22.0; IBM, Armonk, NY, USA). 

OS was defined as the time from the start of the combined therapy 

to any cause of death. EFS was defined as the time from the start 

of the combined therapy to the progression or relapse of the dis-

ease, or the occurrence of a secondary malignancy. 

Results 

1. Patient characteristics 
A total of 27 pediatric patients who received CMT for pHL were 

analyzed (Table 1). The median age at diagnosis was 14 years 

(range, 4 to 19 years). The male to female ratio was 1.7:1. The ma-

jority of patients had only supradiaphragmatic involvement (n =  

22; 81.5%). Cervical lymphadenopathy was the most frequently in-

volved region (n =  25; 92.6%), followed by mediastinal lymphade-

nopathy (n =  16; 59.3%). 

Histopathologic subtypes were classified as follows: nodular 

sclerosis (17), mixed cellularity (6), lymphocyte predominant (3), 

and not specified (1). B symptoms were observed in only 4 patients, 

and 3 of them had night sweats while 1 had unexplained fever. 

Seven patients had bulky disease (25.9%). A total of 6 patients had 

extranodal involvement: spleen (4) and lung (2).  

We stratified patients based on the COG risk-stratification pro-

tocol. Fourteen patients were low-risk, 11 patients were intermedi-

ate, and 2 patients were high-risk. Patients were treated based on 

the risk-adapted chemotherapy regimens. 

2. Treatment and response 
We assessed the response to chemotherapy by the initial staging 

method, CT, or PET-CT. PET-CT was applied after 2006, and only 8 

patients (29.6%) underwent PET-CT. Thirteen patients were consid-

ered to have a CR (48.1%) at the 1st response. Only one patient 

had progressive disease. Within the patients who underwent PET-

CT, 4 patients were considered to have a CR (50%) at the 1st re-

sponse. 

After the completion of chemotherapy, all 27 patients received 

IFRT or INRT. Among these patients, 14, 12, and 1 received 2D, 3D, 

and intensity-modulated radiotherapy (IMRT), respectively. A com-

parison of the 2D/3D-conformal radiotherapy (CRT) and the IMRT is 

presented in Fig. 2. The median RT dose was 25.2 Gy (range, 19.8 to 

Table 1. Patients’ characteristics (n = 27)

Characteristic Value
Age (yr) 14 (4–19)
Sex
  Male 17 (63.0)
  Female 10 (37.0)
Ann Arbor Staging
  I 5 (18.5)
  II 17 (63.0)
  III 5 (18.5)
Histologic type
  Nodular sclerosis 17 (63.0)
  Mixed cellularity 6 (22.2)
  Lymphocyte predominant 3 (11.1)
  Not otherwise specified 1 (3.7)
Lymphadenopathy
  Cervical 25 (92.6)
  Mediastinal 16 (59.3)
  Axilla 6 (22.2)
B symptoms
  Yes 4 (14.8)
  No 23 (85.2)
Bulky disease
  Yes 7 (25.9)
  No 20 (74.1)
Extranodal involvement
  Yes 6 (22.2)
  No 21 (77.8)

Values are presented as median (range) or number (%).
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36 Gy). The median fraction size was 1.8 Gy/fraction (range, 1.5 to 

2.0 Gy/fraction). Based on the response to the chemotherapy, the 

prescribed RT dose was different. For the 18 CR patients, the medi-

an RT dose was 25.2 Gy (range, 19.8 to 41.2 Gy). Nine non-CR pa-

tients received additional RT to the residual LNs. The median RT 

dose of the non-CR groups was 35.6 Gy (range, 25.2 to 40.6 Gy). 

The total RT dose of the non-CR group was significantly higher (p 

<  0.001). 

A CR was achieved in 23 patients after CMT (85.2%). Five pa-

tients achieved a CR out of 6 patients with subsequent PET-CT. Five 

patients received additional chemotherapy: 3 cases with a PR and 

1 case with continuous progression. One patient achieved a CR 

based on PET-CT, but was suspicious for residual disease on en-

hanced CT, so additional chemotherapy was prescribed. Except for 

the patient with progressive disease, 3 patients with a PR after 

CMT achieved a CR after additional chemotherapy. A summary of 

the CMT of each patient is presented in Table 2. 

3. Oncologic outcomes 
The median follow-up period of the patient group was 125 months 

(range, 9 to 337 months). The 10-year EFS and OS were 88.9% and 

96.3%, respectively (Fig. 3). 

Only 2 patients had relapsed or progressive disease after CMT. 

The patient with progressive non-responsive disease mainly pro-

gressed in the mediastinum with tracheal obstruction, so this pa-

tient first received boost RT of 20 Gy to the mediastinal bulky mass 

and subsequently received IFRT that targeted the residual LNs. This 

patient subsequently received ESHAP (etoposide, solumedrol, ara-C, 

cisplatin) and two cycles of DICE (dexamethasone, ifosfamide, cis-

platin, etoposide) but died of disease progression. 

The patient with relapsed mediastinal disease presented with ex-

tensive LN involvement throughout the neck, upper and lower me-

diastinum, and spleen involvement. This patient received 30 Gy of 

INRT targeting the neck and upper mediastinum. A relapse occurred 

out-of-field in the mediastinum slightly above the diaphragm. This 

patient subsequently received high-dose slow early response DECA 

(dexamethasone, etoposide, cisplatin and cytarabine) chemothera-

py supported by peripheral blood stem cell transplantation and re-

gained a CR status. 

4. Toxicities and secondary malignant neoplasms 
Acute toxicities were mainly hematologic toxicity due to the che-

BA

Fig. 2. Comparison of target volume contouring and dose distribution of (A) 3D-CRT and (B) IMRT. (A) 3D-CRT with 4 beams (AP/PA, LAO, RAO). 
(B) Nine static fields were used in this patient. 3D-CRT, three-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy; AP/
PA, anterior-posterior/posterior-anterior; LAO, left anterior oblique; RAO, right anterior oblique.
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Table 2. Summary of combined modality treatment of pediatric Hodgkin lymphoma patients

Patient# Diagnosis year Risk group Chemotherapy (cycle) RT dose (Gy) RT method Response Event Status at follow-up
1 1990 Low ABVD/MOPP (6) 19.8 2D CR - CR at 337 mo
2 1991 Low MOPP (8) 19.8 2D CR - CR at 330 mo
3 1993 Low MOPP+COPP (8) 30.6 2D CR - CR at 65 mo
4 1995 Low COPP (4) 23.4 2D CR Thyroid cancer, 7.2 yr CR at 280 mo
5 1998 Low ABVD (6) 28 2D CR - CR at 96 mo
6 1998 Low ABV/COPP (4) 25.2 2D CR - CR at 55 mo
7 2000 Low DBVE (2) 25.2 2D CR - CR at 88 mo
8 2000 Low ABV/COPP (4) 35.2 2D CR - CR at 207 mo
9 2002 Low DBVE (6) 25.2 3D CR - CR at 218 mo
10 2002 Low ABVD (6) 25.5 2D CR - CR at 136 mo
11 2003 Low DBVE (4) 25.2 2D CR - CR at 127 mo
12 2004 Low DBVE (4) 36 2D CR - CR at 156 mo
13 2005 Low DBVE (4) 36 3D CR - CR at 123 mo
14 2006 Low DBVE (4) 40.6 3D PR - CR at 113 mo
15 2007 Low AVPC (4) 41.2 3D CR - CR at 157 mo
16 1997 Intermediate MOPP (4) 30.6 2D CR - CR at 257 mo
17 1998 Intermediate ABV/EDAP (10) 39.6 2D CR - CR at 211 mo
18 2004 Intermediate ABVD (6) 25.2 2D CR - CR at 151 mo
19 2006 Intermediate ABVE-PC (6) 40 3D PR - CR at 125 mo
20 2006 Intermediate ABVD (4) 30.6 3D CR - CR at 58 mo
21 2009 Intermediate ABVE-PC (4) 30 3D PR - CR at 89 mo
22 2011 Intermediate ABVE-PC (4) 30 3D CR - CR at 105 mo
23 2012 Intermediate ABVD (3) 36.2 3D PD Died of disease  

progression
Died at 9 mo

24 2016 Intermediate ABVE-PC (6) 25.2 3D CR - CR at 37 mo
25 2017 Intermediate ABVE-PC (6) 30 IMRT CR Mediastinal relapse CR at 34 mo
26 2005 High DBVE (4) 36 3D CR - CR at 151 mo
27 2015 High ABVE-PC (5) 21 3D CR - CR at 58 mo

RT, radiotherapy; CR, complete response; PR, partial response; PD, progressive disease; ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; 
MOPP, nitrogen mustard, vincristine, prednisone, and procarbazine; ABV/COPP, doxorubicin, bleomycin, and vinblastine/cyclophosphamide, vincristine, 
procarbazine, and prednisone; EDAP, etoposide, dexamethasone, cytarabine, and cisplatin; DBVE, doxorubicin, bleomycin, vincristine, and etoposide; 
ABVE-PC, doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cyclophosphamide.
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motherapy. Severe neutropenia (Grade ≥3) occurred in 18 patients. 

We observed 8 patients with febrile neutropenia during chemo-

therapy that required admission and treatment with intravenous 

antibiotics. Severe thrombocytopenia and anemia were recorded in 

6 and 2 patients, respectively.  

There was no severe non-hematologic RT-induced toxicity ob-

served. Grade II esophagitis and cough were observed in only one 

patient each. High dose RT did not show a higher incidence of 

RT-induced toxicity. We did not observe any long-term sequelae 

from severe acute toxicity. Details of the acute toxicities are de-

scribed in Table 3. 

The median follow-up period for the surviving patients was 126 

months (range, 34 to 337 months). We performed echocardiograms 

in 10 out of 26 survivors (38.5%) after completion of the CMT. 

There was no abnormal echocardiogram observed. 

Of the 13 patients who underwent a pulmonary function test 

before the treatment, 8 patients received a follow-up pulmonary 

function test after completion of the treatment. Only one patient 

had a mild obstructive pattern, with a decreased forced volume ca-

pacity and an FEV1 of 1.68 L (68% predicted) and 1.68 L (73% pre-

dicted), respectively. This patient received 4 cycles of ABVE-PC 

(doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cy-

clophosphamide) and 30 Gy of RT to the mediastinum. 

Thyroid function test were conducted in 12 patients (44.4%) 

among 23 patients with neck irradiation. Thyroid hormone-re-

placement therapy was required in 7 patients (58.3%) who under-

went thyroid testing. All patients with hormonal replacement had 

received RT to the neck. The median RT dose of the patients with 

thyroid-hormone replacement was 30 Gy (range, 19.8 to 41.2 Gy), 

whereas that of the patients without thyroid toxicity was 30.3 Gy 

(range, 19.8 to 40.6 Gy). Also, RT techniques did not differ between 

the two groups. 

We observed only one secondary malignant neoplasm (SMN) 

during the follow-up period. One patient experienced a non-hema-

tologic secondary malignancy, a papillary thyroid cancer that was 

diagnosed 7.2 years after 23.4 Gy of neck irradiation. There were no 

secondary hematologic malignancies observed. 

Discussion and Conclusion 

Pediatric Hodgkin lymphoma is a curable disease with an extremely 

low incidence in childhood and adolescence. pHL shows a bimodal 

age-specific distribution and it is the third most common pediatric 

malignancy in the United States [2]. Long-term OS and EFS of pHL 

exceeds 90% in western reports regardless of the treatment meth-

od [3]. 

The clinicopathology of HL is different among different ethnic 

groups [4]. A lower incidence is observed in Asia compared with 

North America and Australia. Studies conducted in India showed a 

male predominance, a younger age at presentation, and an in-

creased incidence of a mixed cellularity subtype than in western 

reports [17]. Hwang et al. [11] reported a change in the pathologic 

pattern from mixed cellularity predominance to nodular sclerosis 

predominance. We also observed a similar pattern of pHL with a 

male (63%) and nodular sclerosis subtype predominance. Kobayashi 

et al. [18] also reported a male predominance and a low incidence 

of 20–30 patients per year in Japan. Park et al. [1] reported that 

the crude incidence was 1.3 per million among those 0 to 14 years 

of age, and did not observe a bimodal increase during childhood 

and adolescence in Korea. Also, the majority of patients were over 

10 years old at the time of diagnosis (crude incidence: 10–14 years, 

2.4 vs. 0–9 years, 1.3). Similarly, only 6 patients (22%) were under 

Table 3. Acute toxicity after combined modality treatment

Variable
Chemotherapy-induced toxicity Radiation-induced toxicity

I II III IV I II III IV
Hematologic toxicity - - - - - - - -
  Anemia 12 9 2 - - - - -
  Neutropenia 3 3 5 13 - - - -
  Thrombocytopenia 9 1 4 2 - - - -
  Neutropenic fever - - 8 - - - - -
Gastrointestinal toxicity - - - - - - - -
  Nausea 1 - - - 2 - - -
  Stomatitis 3 - - - - - - -
  Esophagitis - - - - 3 1 - -
Pulmonary toxicity - - - - - - - -
  Cough - - - - 2 1 - -
  Dyspnea - - - - - - - -

Toxicities were assessed by the Common Terminology Criteria for Adverse Events (CTCAE) v4.03.
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10 years old in our study. 

Even though there are discrepancies in the clinical characteris-

tics between western and Asian countries, long-term survival and 

EFS are comparable (Table 4). In this study, long-term survival was 

comparable with other prospective studies, with 10-year OS and 

EFS of 96.3% and 89.3%, respectively. However, patients in our 

study received heterogeneous treatment because of the long dura-

tion of the case collection period and the development of the risk-

based chemotherapy regimen. 

For the low-risk group, prospective studies have reported an ex-

cellent survival with low-dose IFRT [9,10,19]. There is controversy 

about the necessity of RT for patients with a good response after 

initial chemotherapy, with concerns about balancing disease con-

trol with the risk of long-term toxicities. In the CCG 5942 trial [10], 

patients received ABV/COPP (doxorubicin, bleomycin, and vinblas-

tine/cyclophosphamide, vincristine, procarbazine, and prednisone) 

chemotherapy.  

After the chemotherapy, patients with a CR were randomly as-

signed to 21 Gy IFRT or no RT. The 10-year EFS was significantly 

improved (100% vs. 89.1%) in response to the IFRT, whereas no 

benefit for survival was observed (97.1% vs. 95.9%). However, the 

POG 8625 trial [20], a randomized study of 25.5 Gy of RT or addi-

tional chemotherapy, did not report any difference in EFS or OS 

(EFS, 91.1% vs. 82.6%; OS, 96.8% vs. 93.6%). In the current study, 

there were no relapses or treatment failures in the low-risk group 

(n =  15), but we did observe one case of SMN that was diagnosed 

7.2 years after treatment. The median RT dose was 25.5 Gy (range, 

19.8 to 41.2 Gy) in the low-risk group. Dose or field reduction of RT 

in low-risk groups to reduce over-treatment or long-term toxicities 

may be considered due to the excellent disease control observed in 

the current study and in other prospective study results. 

Prospective trials for intermediate to high-risk patients reported 

EFS between 84% to 94% [8,10,21,22]. In our study, 10-year OS 

and EFS were 91.7% and 83.3%, respectively. We observed one 

treatment failure and one mediastinal relapse. Both patients did 

not achieve a CR at the 1st response. No patients with a CR after 

chemotherapy experienced a relapse. In the CCG 5942 trial [10], 

the EFS in the intermediate to high-risk groups who achieved a CR 

after chemotherapy was not significantly improved after IFRT (in-

termediate, 84.0% vs. 78.0%; high, 88.5% vs. 79.9%). However, the 

authors did not conclude that RT was detrimental to these groups 

due to the small size of the groups and their need for more aggres-

sive chemotherapy. As indicated above, RT in intermediate to high-

risk patients shows mixed data, especially for patients with a CR 

after chemotherapy. Additional studies are needed to identify the 

optimal RT field and dose for patients who achieve a CR after che-

motherapy. 

As the CMT of pHL guarantees extremely high rates of long-term 

survival, there have been increasing problems with serious long-

term toxicities among long-term survivors, including cardiac, pul-

monary, and endocrinal complications. We observed the surviving 

patients after a median follow-up of 126 months (range, 34 to 337 

months). Because of the retrospective nature of our study, we could 

not obtain full imaging and chemistry work-ups for complete ob-

servations of late toxicity. 

Tukenova et al. [23] reported that cumulative RT dose and anth-

racycline usage were associated with an increased risk of late mor-

tality. It is known that cardiac late-toxicity is related to the cumu-

lative anthracycline dose, and it may occur as long as 10 years after 

completion of therapy with a low cumulative anthracycline dose 

[24]. Most of our patients received anthracycline-based chemo-

therapy, and among these patients, we performed echocardiogram 

for 10. We did not observe any late cardiovascular toxicity even 

with long-term follow-up. 

Thyroid dysfunctions are the most common late toxicities, in-

cluding hypothyroidism, hyperthyroidism, and secondary thyroid 

Table 4. Treatment outcomes of prospective trials and current study

Study Risk group Number of patients Chemotherapy Radiation dose (Gy) EFS (%)
CCG 5942 [10] All 826 4–6 COPP/ABV 21 83.5 (10-yr)
POG 9426 [9] Low 255 2–4 ABVE 25.5 88.3 (5-yr)
AHOD 0431 [19] Low 175 CR: No-RT 77.5 (4-yr)

100 PR/SD: 21 82.8
AHOD 0031 [12,22] Intermediate-high 382 4–6 ABVE-PC RER, CR: No-RT 86.7 (4-yr)

380 RER, CR: 21 87.3
305 SER: 21 77.4

POG 9425 [8] High 216 3–5 ABVE-PC 21 84.0 (5-yr)
Current study All 27 Heterogeneous 19.8–41.2 88.9 (10-yr)

CR, complete response; PR, partial response; PD, progressive disease; RT, radiotherapy; EFS, event-free survival; RER, rapid early response; SER, slow 
early response; COPP/ABV, cyclophosphamide, vincristine, procarbazine, and prednisone/ doxorubicin, bleomycin, and vinblastine; ABVD, doxorubicin, 
bleomycin, vinblastine, and dacarbazine; ABVE-PC, doxorubicin, bleomycin, vincristine, etoposide, prednisone, and cyclophosphamide.
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cancer. Sklar et al. [25] reported that 34% of patients were diag-

nosed with at least one type of thyroid dysfunction, and hypothy-

roidism was the most common dysfunction. The risk for thyroid 

dysfunction is 4–5 times higher after neck irradiation. Hancock et 

al. [26] observed 50% of patients had 20-year long-term thyroid 

toxicity after mantle-field RT. The RT dose to the thyroid gland is 

also an important factor for thyroid dysfunction. Thyroid V30 is an 

independent predictor of hypothyroidism. In patients with thyroid 

V30 >62.5%, the incidence of hypothyroidism is significantly in-

creased (high-volume 70.8% vs. low-volume 11.5%; p <  0.01) [27]. 

Even though we observed a similar incidence as in previous studies 

with larger field RT, the actual proportion of thyroid toxicities in 

our group may be lower because only half of the patients under-

went thyroid function test. Additional dose-sparing for the thyroid 

by block or conformal therapy is needed to decrease long-term 

thyroid toxicity further. 

SMN is associated with the RT dose and the use of alkylating 

agents or anthracyclines [28,29]. Common SMNs are leukemia, sar-

coma, thyroid, and breast cancers. However, the incidence of SMN 

does not change linearly in response to the RT dose or field. The 

risk of thyroid cancer is the highest at 20 Gy, and then it decreases 

as the RT dose increases [30]. We observed a patient with papillary 

thyroid cancer who received 23.4 Gy neck irradiation, which is con-

sistent with previous reports. We did not observe any SMNs after 

higher irradiation doses. 

There are several limitations to our current study. First, we ana-

lyzed a small number of patients over 30 years. Due to the small 

number of patients and the high disease control rate, we could not 

evaluate the prognostic factors for pHL. Moreover, the patients re-

ceived heterogeneous chemotherapy based on risk-grouping. The 

current study included all risk groups and included some patients 

who were diagnosed before the development of specific chemo-

therapy regimens for children, which led to the use of diverse che-

motherapy regimens. Thus, it is hard to determine the necessity of 

RT or to evaluate long-term toxicities in this patient group. In ad-

dition, the RT technique and protocols have evolved over the last 

30 years, and thus the patients received heterogeneous RT tech-

niques, including 2D, 3D-CRT, and IMRT. However, this study has a 

strength in that the same medical team used consistent decision 

criteria, and there were a relatively large number of cases, despite 

the low incidence of pHL in Korea. Thus, there was some homoge-

neity of treatment provided by the same medical team. The current 

study has clinical meaning because it only assessed survival and 

long-term toxicity after CMT with IFRT or INRT for pHL. Further in-

vestigation with multicenter, large-scale studies is needed to opti-

mize the treatment with lower toxicity, but the findings of the cur-

rent study strengthen the evidence base supporting CMT with a 

smaller RT field in Korea. 

In conclusion, CMT with IFRT and INRT may lead to favorable 

long-term survival. Smaller field RT could be considered as an 

adaptive treatment option with lesser long-term toxicities as com-

pared with high-dose, large-field RT. 
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