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INTRODUCTION

Hodgkin lymphoma represents a group of lymphoprolif-
erative diseases that occur in both children and adults.
Although the disease has certain common histological
characteristics in these two age groups, it is believed that
the biology of the disease is different (1). The distribution
of histological subtypes in relation to age, gender distri-
bution, the role of the Epstein-Barr virus (EBV) in patho-
genesis, prognosis, and treatment sequelae represent dif-
ferences between pediatric and adult Hodgkin lymphoma
(2). Given that Hodgkin lymphoma is a highly curable
disease and that the vast majority of children have long-
term survival, Hodgkin lymphoma has become a model
for studying long-term adverse effects of radiotherapy
and chemotherapy. Radiotherapy with extensive radia-
tion fields and high total doses has resulted in hypopla-
sia of soft and bone tissues, which is most pronounced in
pre-pubertal children (2). In addition, combined chemo-
therapy with high doses of alkylating agents has been re-
sponsible for increased cardiovascular mortality and mor-
bidity (3). The most significant adverse effect of radiation
therapy is the occurrence of induced malignancy, which is
the most common cause of mortality more than 15 years
upon the treatment (4). Considering the aforementioned
adverse effects, treatment protocols have aimed for small-
er radiation volumes with the use of polychemotherapy
(5). Today’s treatment of pediatric Hodgkin lymphoma
is based on different chemotherapy regimens and more
subtle radiotherapy, which involves smaller radiation vol-
umes and lower doses to reduce late therapeutic sequelae.
Current protocols for treating Hodgkin lymphoma in-
dicate radiation therapy only in cases of inadequate re-
sponse to induction chemotherapy, which significantly
reduces the use of radiation therapy compared to the his-
torical principle of treating this disease (1).

EPIDEMIOLOGY AND RISK FACTORS

Classical Hodgkin lymphoma represents the most com-
mon malignancy in adolescence, occurring most fre-
quently in the age group of 15 and 16 years old, and the
eighth most common in the age group of 0 to 14 years old.
It rarely occurs in children younger than 4 years old (6).
The incidence of Hodgkin lymphoma in the pediatric
population is 3.6 per 100,000 for boys and 2.6 for girls.
The risk of developing Hodgkin lymphoma at birth, for
the period from birth to 39 years old, is 0.14 for males and
0.11 for females (7). According to data from the Institute
of Oncology and Radiology of Serbia for the period from
2007 to 2018, 11.6% of the total number of irradiated
children had Hodgkin lymphoma, 57.3% were male, and
42.7% were female. Regarding the age distribution of ir-
radiated patients with Hodgkin lymphoma, there were no
patients in the group aged 0 to 3 years old, 7.9% were 4 to

8 years old, 15.7% were 8 to 12 years old, and the highest
percentage of patients (76.4%) were older than 12 years
old (8). Also, EBV is associated with the development of
Hodgkin lymphoma in the pediatric population. Latent
EBV infection markers were present in 31% of pediatric
and adolescent patients, most commonly in the mixed
cellularity subtype. In the nodular sclerosis subtype, la-
tent EBV infection was detected in 81% of cases, while in
the lymphocyte predominance subtype, there was almost
no EBV positivity (5%). Furthermore, the frequency of
EBV infection is associated with younger age. The fre-
quency of infection was 73% in children younger than 5
years old, while it was only 17% in adolescents aged 15
years old or older (9). In addition to these factors, immu-
nodeficient states, including AIDS, represent risk factors
for the development of Hodgkin lymphoma (10).

PATHOLOGY

The histopathological classification of Hodgkin lympho-
ma is characterized by the presence of Reed-Sternberg
cells (so called “popcorn cells”, based on morphologi-
cal appearance), which represent a clonal population of
transformed B lymphocytes of the germinal center of
the lymph node, both in pediatric and adult patients. In
a small number of cases, Reed-Sternberg cells arise from
T lymphocytes (11). According to the World Health Or-
ganization (WHO) 2016 classification, there are two
immunophenotypes: classical Hodgkin lymphoma and
nodular lymphocyte-predominant Hodgkin lymphoma
(12). Classical Hodgkin lymphoma can be further clas-
sified into nodular sclerosis type (which is the most
common type and occurs in 70-80% of cases), mixed cel-
lularity type (which occurs in 15-20% of cases), lympho-
cyte-rich type (5%), and lymphocyte-depleted type (1%)
(13). Pathological diagnosis of Hodgkin lymphoma is
based on morphological features as well as immunohisto-
chemistry staining. Lymphocyte-nodular predominant
Hodgkin lymphoma is characterized by the presence of
Reed-Stenberg cells in a rich background of small lym-
phocytes and the absence of other immune cells. IHC of
Reed Stenberg cells shows the expression of CD 45 and
pan B markers (CD20, CD79-a,0CT-2, PAX S, BCL 6),
small background lymphocytes express also OCT-2 (to a
lesser extent than popcorn cells). Nodular sclerosis type
is characterized by cellular nodules that are surrounded
by collagen bands containing a variable number of Reed-
Stenberg cells that are immersed in a mixed inflammato-
ry background. Mixed cellularity subtype is morphologi-
cally characterized by the presence of Reed-Sternberg
cells with a mixed inflammatory infiltrate comprised of
eosinophils, histiocytes, neutrophils and plasma cells.
Lymphocyte-depleted type has a similar cell composition
as mixed cellularity type, but with more histiocytes and
less lymphocytes.
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Finally, lymphocyte-rich type is comprised of Reed-
Sternberg cells in an abundance of small B lymphocytes.
Almost all classic Hodgkin lymphoma subtypes express
on IHC staining CD30, but CD1S is expressed in 75%
to 85% of cases. (14) In contrast to classical Hodgkin
lymphoma, nodular lymphocyte-predominant type is
generally CD30 and CD1S negative while CD20 is often
expressed (15). It is believed that nodular lymphocyte-
predominant type has a better prognosis than classical
Hodgkin lymphoma.

PRESENTATION

In 80% of cases, the disease presents with painless lymph-
adenopathy in the neck or supraclavicular region. Medias-
tinal lymphadenopathy is present in 75% of adolescents and
25% of younger children. This difference in the incidence
of mediastinal lymphadenopathy is explained by a higher
frequency of lymphocyte-predominant and mixed-type
Hodgkin lymphoma in younger children (15). Although of-
ten asymptomatic, mediastinal lymphadenopathy can lead
to chest pain, dry cough, shortness of breath, and, in cases
of pronounced mediastinal lymphadenopathy, “bulky”
mediastinum and superior vena cava syndrome. Isolated
subdiaphragmatic lymphadenopathy is rare, occurring in
about 5% of cases (16). The release of cytokines from tumor
cells can cause nonspecific symptoms such as fever, loss of
appetite, itching, fatigue, weakness, and sweating. These
symptoms occur in about one quarter of patients (17). Of
all the listed nonspecific symptoms, only three symptoms
have prognostic significance and play a role in staging the
disease and therapy. These are B-symptoms, which include
fever above 38.3 degrees Celsius that cannot be explained
by other causes, night sweats, and weight loss of more than
10% in the past 6 months before the diagnosis (18).

DIAGNOSIS

In a patient with palpable lymphadenopathy, it is nec-
essary to take a detailed history of the duration of

lymphadenopathy, the presence of B symptoms, and the
presence of other nonspecific symptoms. During clini-
cal examination, it is important to palpate all available
peripheral lymphatics, as well as extralymphatic organs
that may be enlarged, such as the liver and the spleen.
It is also necessary to perform laboratory tests, includ-
ing a complete blood count, biochemistry analysis, and
erythrocyte sedimentation rate. The gold standard for
the pathological diagnosis of Hodgkin lymphoma is the
examination of a sample obtained by incisional biopsy of
an enlarged lymph node (15).

The initial diagnostic workup for mediastinal lymph-
adenopathy includes chest radiography and computed
tomography (CT), which can evaluate the extent of me-
diastinal lymphadenopathy and “bulky” mediastinum,
which in most protocols is a parameter used to determine
the therapeutic approach (14). The current gold standard
diagnostic method for active lymphomas is F18-fluorode-
oxyglucose (FDG) positron emission tomography (PET-
CT) (19). This method is used for both initial staging of
the disease and for evaluating the response of the disease
to treatment. PET-CT is a significantly more precise
method for staging the disease than computed tomogra-
phy, leading to a change in disease staging, usually to a
higher stage in 10% to 30% of cases (20). Although PET-
CT is the gold standard in initial diagnosis, contrast-en-
hanced CT has certain advantages over PET-CT, such as
better visualization of lymph node conglomerates, better
visualization of intestinal loops, and differentiation from
lymph nodes in the abdomen, as well as better assessment
of the presence of compression or thrombosis of large me-
diastinal blood vessels (20).

STAGING OF THE DISEASE

Pediatric Hodgkin lymphoma is staged based on the Ann
Arbor classification (Table 1) which was developed in
1971 (20) as well as the subsequent Costworld modifica-
tions (21). These classifications are based on the location
and extent of the disease as well as the presence of non-
specific symptoms. Based on the classification, patients

Table 1. Ann Arbor classification: taken from Kortmann, R.D. and Merchant, T.E. (2018) Pediatric radiation oncology. Cham: Springer.

Stage Description

Stage I Involvement of a single lymph node region, or a single lymph node and the surrounding area

Stage IT Involvement of two separate lymph node regions, or a single lymph node or organ and its secondary area. Both affected areas are
on the same side of the diaphragm (supra- or infradiaphragmatic).

StageIII  Disease involving regions on both sides of the diaphragm (infra- and supradiaphragmatic)

StageIV  Diffuse or disseminated disease with the involvement of at least one extralymphatic organ (liver, bone marrow, lungs, and
others)

Modifier Description

A Absence of non-specific “B symptoms”

B Presence of non-specific “B symptoms”, including night sweats, fever higher than 38 °C for 1-2 weeks, and weight loss greater
than 10% in the last 6 months

E Disease is not localized in lymph nodes or has spread from lymph nodes into neighboring tissues

X Extensive “bulky” disease (extramediastinal mass size of 6-10cm or mediastinal lymphadenopathy > 1/3 of the maximum in-

trathoracic diameter)
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Table 2. Lymphonodal groups

Supradiaphragmatic nodal groups

Infradiaphragmatic nodal groups

Waldeyer’s ring (lymphoid ring of nasopharynx and oropharynx)

Spleen

Cervical lymph nodes: occipital, submental, preauricular, submandibular, internal jugular, suprac-

Para-aortic lymphatics

lavicular lymphatics
Infraclavicular, axillary, and pectoral lymphatics Mesenteric lymphatics
Epitrochlear and brachial lymphatics Iliac lymphatics

Mediastinal lymphatics

Inguinal and femoral lymphatics

Hilar lymphatics

Popliteal lymphatics

canbe divided into those with limited disease (stage [ and
II) and those with advanced disease (stage III and IV).
Patients with stage II and extensive (“bulky”) disease are
classified as localized or advanced disease based on ad-
ditional risk factors.

Lymphonodal regions are divided into the following
groups (Table 2). (22)

THE MODERN TREATMENT OF HODGKIN
LYMPHOMA

The modern treatment of Hodgkin lymphoma is multi-
disciplinary. The treatment begins with a biopsy of the
affected lymph node and pathohistological diagnosis,
followed by all available modern diagnostic methods to
stage the disease. Based on the stage, the treatment is car-
ried out using chemotherapy and radiation therapy. The
first international study EuroNet PHL CI was started in
2007 and it lasted until 2013, in which PET-CT first ap-
peared as a mandatory diagnostic method for all therapy
groups, based on which an indication for radiation ther-
apy was established. This study included a population
of children aged 0 to 17 years. The primary goal of this
study was to maintain good disease control while reduc-
ing morbidity caused by the treatment.

Currently, the second international study EuroNet
PHL C2 is underway, which includes patients aged 0 to
17 years who have histopathologically confirmed classical
Hodgkin lymphoma. The study protocol stratifies patients
into three therapeutic groups. In all three therapeutic
groups, in the event of an unfavorable response after the
application of two cycles of chemotherapy according to the
OEPA protocol, there is an indication for radiation therapy.

In all therapeutic groups, after the histopathological
diagnosis of classical Hodgkin lymphoma and adequate
staging, the treatment begins with two cycles of che-
motherapy according to the OEPA protocol, consisting
of vincristine, etoposide, prednisone, and doxorubicin.
After the second cycle of chemotherapy, according to
the protocol, it is mandatory to perform a PET-CT, and
based on the findings, an indication for radiation therapy
is established. In case of an adequate response — complete
remission (CR) confirmed by PET-CT, or partial mor-
phological remission (PR) with a negative PET-CT- ra-
diation therapy is not indicated. In case of an inadequate
response, which implies the absence of complete or par-

tial remission of the disease (without CR or PR), and
with a positive finding on PET-CT, radiation therapy is
indicated. In case of an indication for radiation therapy,
it is necessary to irradiate all initial sites of the disease
based on the PET-CT made at the time of the diagnosed
disease using the “involved site” technique, and in case of
PET-CT positive regions after completing chemotherapy
in the second and third therapy group, it is indicated to
conduct a radiotherapy “boost” on the area of PET-CT
positive regions. After radiation therapy, depending on
the stage of the disease and the response to the applied
treatment, chemotherapy could be given according to
this study protocol. Following the international recom-
mendations, pediatric radiotherapy should be performed
in radiation therapy centers with experience in pediatric
radiation oncology. (25)

In case of relapsed/refractory pediatric Hodgkin lym-
phoma it is possible to utilize novel immunotherapy with
chemotherapy regiments. For example, combination of
brentuximab vedotin (CD30 antibody with conjugated
mitostatic) and bendamustin for relapsed or refractory
disease show promising results with 3-year-event free
survival (EFS) and overall survival (OS) of 65% (26).

New treatment strategies incorporate immunother-
apy agents like brentuximab vedotin in frontline treat-
ment of high risk pediatric Hodgkin lymphoma patients.
For example, a branch of protocol is developed where
brentuximab vedotin replaces each vincristine in OEPA/
COPDAC chemotherapy regimens. Radiotherapy is giv-
en as “involved node” radiotherapy only to PET-CT posi-
tive nodes after an incomplete PET-CT response upon
two cycles of chemotherapy + immunotherapy. With this
approach, 35% of patients achieved complete remission
after two cycles of chemotherapy + immunotherapy and
in these patients radiotherapy was omitted. Also, with
this approach, the 3-year EFS was 97.4% and the OS was
98.7%. (27)

Introduction to radiotherapy of pediatric Hodgkin
lymphoma

Until the 1960s, treatment outcomes for Hodgkin lym-
phoma were modest. However, the development of linear
accelerators and the use of large radiation fields signifi-
cantly changed the disease prognosis (28). In the past,
radiotherapy involved total lymphatic irradiation, total
nodal irradiation, and extended field radiotherapy. Total
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lymphatic irradiation of the supradiaphragmatic region
included lymphatics of the oropharynx and nasopharynx,
the mantle field covering lymphatics of the neck, supra
and infraclavicular regions, axilla, mediastinum, and ab-
dominal lymphatics. Total nodal irradiation involved the
supra- and infradiaphragmatic region, lymphatics of the
oropharynx and epipharynx, the mantle field, and the in-
verted Y field covering para-aortic lymphatics, iliac lym-
phatics, inguinal lymphatics, and spleen. Extended field
radiotherapy covered affected lymphatic regions as well as
adjacent unaffected lymphatic regions. The second signifi-
cant step in the treatment occurred in the 1960s with the
introduction of chemotherapy using the MOPP protocol
consisting of mechlorethamine, vincristine, procarbazine,
and prednisone (28). With the introduction of adequate
systemic therapy, radiation fields gradually decreased from
total nodal irradiation, through extended and involved
field radiotherapy, to modern involved site and involved
node radiotherapy. Another important protocol is ABVD,
consisting of doxorubicin, bleomycin, vincristine, and da-
carbazine.

“Involved field”

“Involved field” radiotherapy with radiation fields in-

cludes positive disease sites with a safety margin of 1.5-2

cm in all directions. It was traditionally used during con-

ventional (2D) radiotherapy. According to the European
protocol HL Studien HD16, the radiotherapy fields for

“involved field” radiotherapy are defined as follows (29)

(Figure 1):

« In case of positive cervical lymph node regions, the
radiation field must include ipsilateral or contralateral
cervical lymphatics, depending on the extent of the
disease, caudally including supraclavicular lymphat-
ics and 2/3 of the clavicle.

« In case of disease in the submental and submandibu-
lar lymph nodes of the neck, the radiation field should

Figure 1. Example of “involved” field radiation fields. Taken from:
https://en.ghsg.org/radiotherapy

include ipsilateral submental, submandibular, cervi-
cal, and supraclavicular lymphatics.

« In case of supraclavicular localization of the disease,
the field encompasses the ipsilateral supraclavicular
region and 2/3 of the clavicle, cranial ipsilateral cervi-
cal lymphatics up to the hyoid bone, and if necessary,
caudally including the infradiaphragmatic region.

« In case of axillary localization of the disease, the field
extends cranially from the clavicle to the Sth or 6th rib
and medially extends 1 cm into the lung parenchyma.

« If the disease is present in the upper mediastinum,
above the tracheal carina, the field includes cervical
lymphatics bilaterally up to the hyoid bone, medial
2/3 of the supraclavicular region bilaterally, and cau-
dally extends one vertebra below the tracheal carina.

« In the case of involvement of the mediastinum below
the tracheal carina, the radiation field extends crani-
ally one vertebra above the trachea, and caudally ex-
tends to the diaphragm at the level of the 10th or 11th
thoracic vertebra (Th10 or Th11). If the hilum is not
affected, the field width includes the transverse pro-
cesses of the vertebrae.

« If the disease is present in the middle mediastinum,
the field extends from the jugulum to the diaphragm
at the level of the 10th or 11th thoracic vertebra (Th10
or Th1l). Positive hilar lymphatics are included with
a lateral safety margin of 1.5 cm.

« If para-aortic lymphatics or lymphatics in the splenic
hilum are positive, the field extends from the 10th or
11th thoracic vertebra (Th10 or Thll) to the lower
edge of the Sth lumbar vertebra (LS), including the
splenic hilum with a lateral safety margin of 1.5cm.

« Incase of positive inguinal-femoral lymph nodes, they
must be included in the radiation field.

With the advancement of chemotherapy and the de-
velopment of 3D conformal radiotherapy (3DCRT),
modified “involved” field radiation fields have been de-
veloped. These fields are based on target volumes with
a safety margin of 1-2cm, which has allowed for signifi-
cantly smaller volumes than 2D conventional “involved

field” fields (23) (Figure 2).
“Involved node” and “involved site” radiotherapy

In most cases (83%), the site of relapse in early stages of
Hodgkin lymphoma is represented by the initially af-
fected lymph nodes (30). It is also believed that modern
chemotherapy regimens are sufficient in eliminating mi-
crometastases in radiologically normal lymph nodes. Ad-
ditionally, large radiation fields have a high frequency of
late side effects, most commonly in the form of cardio-
vascular mortality and mortality caused by secondary
neoplasms (28). “Involved node” and “involved site” ra-
diation therapy volumes are based on the use of 3D CRT
and are defined as follows:
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Figure 2. Example of modified ‘involved field’ radiation fields in case
of right-sided cervical lymphadenopathy. Retrieved from EuroNet
PHL C1 protocol.

Note: In case of 2D conventional radiotherapy, the ‘involved field’
would cover all lymph nodes on the right side of the neck, including
the supraclavicular region.

« GTV (Gross Tumor Volume) is the volume visible
on diagnostic methods and it usually represents a
changed lymph node.

« CTV (Clinical Tumor Volume) represents the volume
at risk of existing microscopic disease.

« PTV (Patient Tumor Volume) is defined by forming a
safety margin around the CTV to compensate for in-
ter- and intrafractional movements.

The “involved node” technique is based on forming
a narrow margin around the affected lymph node, while
excluding uninvolved lymphatics and surrounding tis-
sues from the radiation volume (31). This technique re-
quires the availability of PET-CT, which needs to be tak-
en in the same position as CT for radiotherapy planning.
In this way, the PET-CT and CT for radiotherapy plan-
ning can be co-registered (overlapping in the radiation
therapy planning system), making it possible to include
the changed lymphatic in the radiation field extremely
precisely (32). According to the current Euronet PHL
C2 protocol, after completed chemotherapy treatment,
a PET-CT is necessary, where in case of a PET-positive
lymph node larger than 10mm, an indication for radia-
tion therapy is set. In this case, GTV represents a PET-
positive lymph node, and the CTV margin is formed by
expanding the GTV by Smm. The PTV margin is defined
by the technical characteristics of the radiotherapy center
and in most centers it amounts to Smm.

When it comes to “involved site” radiation therapy,
it is based on the same principles as “involved node” but
allows for wider margins in case of insufficiently precise
diagnostic procedures. For example, if PET-CT was not
taken in the same position as the CT for planning, the
PET-positive lymphatics will not ideally match during co-
registration (overlapping of diagnostic images of PET-CT
and CT for planning), and a larger CTV margin is needed
to ensure that the PET-positive lymph node is not outside
the radiation volume. (24). The “involved field” CTV ac-
cording to the PHL C2 protocol covers all initial sites of

disease in the cranio-caudal direction with a Smm mar-
gin, while the lateral margin is formed based on post-che-
motherapy diagnostic findings with a Smm margin, with
the note that when defining CTYV, it is necessary to take
into account the reduction of disease volume after chemo-
therapy and the change in the relationship of anatomical
structures (24). Techniques that enable the reduction of
radiation volumes directly affect the reduction of late tox-
icity and improve the quality of life of treated patients.

The procedure of modern radiotherapy planning.

The firststep in planningradiotherapy for pediatric Hodg-
kin lymphoma is CT for radiotherapy planning, which is
performed in the supine position with arms slightly bent
at the elbows and away from the body. Patient immobili-
zation is performed by making a thermoplastic mask for
the head, neck, and shoulders (see Image 3).

i '
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Figure 3. Thermoplastics immobilization mask for head neck and
shoulders. (Material from the Institute of oncology and radiology of Serbia)

The scope of scanning during therapeutic CT de-
pends on the localization of the disease. For example, in
case of disease localized in the mediastinum and neck,
scanning is most commonly performed from the base of
the skull to the diaphragm. Even in children, the use of
intravenous contrast is recommended during therapeutic
CT to clearly visualize the neck and mediastinal blood
vessels from enlarged lymph nodes. In case of disease in
the mediastinum, especially the upper mediastinum, the
use of the deep inspiration breath technique (DIBH) is
advised because it can better spare organs at risk such as
the heart and lungs. It is believed that the use of DIBH
can reduce the mean dose to the heart, coronary blood
vessels, and lungs by 15-20%. (33) When it comes to the
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Figure 4. Comparation of CRT (1), IMRT (2) and VMAT dosimetry techniques (3). (Material from the Institute of oncology and radiology of Serbia)

pediatric population, the deep inspiration technique can
only be used in children who are age-appropriate and cog-
nitively capable of understanding and performing DIBH.
The modern radiotherapy techniques that are cur-
rently standardly used are: 3D conformal radiotherapy
(3DCRT), intensity-modulated radiotherapy (IMRT),
and volumetric arc therapy (VMAT). IMRT is character-
ized by the use of a small number of non-opposing fields
to increase the conformality of the radiation volume and
reduce the dose to organs at risk (OAR). The charac-
teristic of VMAT technique is that it allows the highest
degree of conformality, but large volumes of healthy tis-
sue receive low doses of radiation (“low dose bath”) (34),
which theoretically may increase the chance of induced
cancer. This technique is used with caution in radiother-
apy of pediatric Hodgkin lymphoma (Figure 4). It must
be taken into account that any radiotherapy carries a risk
of developing secondary cancers, and IMRT also carries
a risk of developing secondary cancers due to “scattered”
radiation and the small volume of a child’s body (34).
Proton therapy can also be used for the treatment of

pediatric Hodgkin lymphoma. Namely, protons have the
radiobiological property of releasing all their energy in
the desired target volume and thus spare the surrounding
healthy tissue and organs at risk (OAR) (35). Also, do-
simetry studies have shown that the use of proton therapy
reduces the mean dose to the OAR, for example to the
heart and all cardiac structures, which is important for ra-
diotherapy of Hodgkin lymphoma of the supradiaphrag-
matic region. (36).

Delineation is performed on the basis of modern pro-
tocols with PET-CT co-registration: initial, after several
cycles of chemotherapy (interim) and after completed
chemotherapy. In addition to the target volumes (GTV,
CTV, PTV), OARs such as the heart, lungs, thyroid
gland, spinal column are contoured when we talk about
the supradiaphragmatic region (Figure 5).

After the delineation of the target volumes and OAR,
the radiotherapy plan is drawn up by a physicist and then
the plan is analyzed — the coverage of the target volume
with the prescribed dose and potential endangerment of
the surrounding tissues and organs. (Figure 6)

Figure S. Delineation of Hodgkin lymphoma initially localized on the right side of the neck and anterior mediastinum using the ‘involved site’
technique with co-registration with the initial PET-CT. (Material from the Institute of Oncology and Radiology of Serbia)
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Figure 6. a) Coverage of the target volume with the prescribed dose. b) Dose-volume histogram which can estimate what volume of tissue

receives a certain radiation dose. (Material from the Institute of Oncology and Radiology of Serbia).

ACUTE AND LATE TOXICITY OF RADIATION
THERAPY

The immediate side effects of radiation therapy (RT)
vary depending on the part of the body that is irradiated.
In pediatric patients, lower doses are used, causing acute,
reversible, unwanted toxicity such as changes in taste,
dry mouth, inflammation of the esophagus, hair loss at
the back of the head, redness of the skin, and sometimes
bloating, nausea, and vomiting, depending on the organs
and tissues that are within the radiation volume. Patients
who undergo infradiaphragmatic radiotherapy may expe-
rience nausea and vomiting that is controlled by modern
antiemetics. In radiation of large volumes, myelosuppres-
sion may occur, mainly manifested by mild leukoneutro-
penia, which can be more pronounced, especially when
myelosuppression is potentiated by systemic therapy that
is most often administered before radiation therapy.

Late toxicity of radiation therapy can manifest several
years or decades after the radiation therapy. These are
mostly musculoskeletal, cardiovascular, pulmonary, re-
lated to testicles and ovaries in pelvic radiation, with pos-
sibility of secondary malignancy occurrence. Late toxic-
ity to the musculoskeletal system is usually manifested
by lower growth compared to the age percentile. Lower
growth with shortened clavicles and hypoplasia of the
neck muscles particularly occurs when doses greater than
20 Gy are used in pre-pubertal age. (1) Late toxicity is the
basis for reduced use of radiation therapy, as provided by
new protocols such as EuroNet PHL C2.

Radiation therapy of the supradiaphragmatic region,
particularly the “mantle field,” is the cause of pulmonary
pneumonitis and lung fibrosis, but the synergistic effect
of bleomycin within the most commonly applied ABVD
chemotherapy protocol must be taken into account. (37)
Common late side effect of radiation therapy of the neck
and upper mediastinum is also hypothyroidism. After 2.9
years after the completion of radiation therapy, 43% of pa-
tients develop biochemically manifest hypothyroidism. It

is considered that a dose greater than 21Gy is sufficient to
cause hypothyroidism. (38) In case of infradiaphragmatic
disease, the ovaries and testicles may also be at risk. In fe-
male patients who were treated with radiochemotherapy
at a younger age, there is a significant risk of premature
menopause before the age of 20, the relative risk being
3.7. As for women treated in their youth, the risk of pre-
mature menopause also increases with age, so for women
between the age of 21 and 25, the relative risk is 25%. It
is expected that 43% of women who have turned 31 will
enter menopause. (39) Regarding the male gender, a cer-
tain number of boys who were treated only with radiation
therapy doses of 40 to 45Gy have managed to become fa-
thers within 3-19 years after radiation therapy. (40)

People who have been treated with radiotherapy are
at long-term risk of developing late toxicities, including
radiation-induced malignancies (RIM). While Cahan
et al. defined postradiation sarcoma in 1948, modified
criteria are used nowadays to define RIM. According to
these criteria, RIM must appear within treated volumes
with a sufficiently long latent period and must have a dif-
ferent histology compared to primary malignancy, and
the tissue origin of the RIM must be free of diagnosed
metabolic and genetic malformations prior to radiation.
(41) After multidisciplinary treatment of Hodgkin lym-
phoma, patients are most often at risk of developing leu-
kemia (e.g., acute myeloblastic leukemia) as well as solid
tumors (most often cancers of the thyroid gland, breast,
and bone sarcomas). Leukemia, which occurs in the first
4 to 10 years after treatment, is primarily associated with
alkylating agents as part of chemotherapy protocols (42).
As for non-hematological malignancies, breast cancer
occurs most often with a standardized incidence of 56.7,
followed by thyroid cancer with a standardized incidence
of 36.1, followed by bone, colorectal, lung and stomach
cancer. (43)

Long-term follow-up of treated patients is of great im-
portance, given that induced cancers occur even 30 years
after the initial treatment of Hodgkin lymphoma. Regu-
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lar and long-term follow up enable early diagnosis of sec-
ondary malignancies and adequate treatment.

CONCLUSION

Radiotherapy represents an important therapeutic ap-
proach in the combined treatment of pediatric Hodgkin
lymphoma. Despite potential side effects, its application

in combination with chemotherapy improved the survival
rate of young patients. The introduction of modern radio-
therapy techniques (3D CRT,IMRT and VMAT) and pro-
ton therapy enabled a more accurate coverage of the target
volume and minimal damage to healthy tissue. Future
research will be aimed at establishing a balance between
the application of chemotherapy and radiotherapy with
reduced side effects of combined treatment, which will en-
able preservation of the quality of life of cured patients.
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MOGUCNOSTI RADIOTERAPIJE U LECENJU PEDIJATRIJSKOG

HOCKINOVOG LIMFOMA

Predrag Filipovic!, Jelena Bokun'?, Tatjana Arsenijevi¢*?, Marina Nikitovic¢!?

Sazetak

Pedijatrijski Hockinov limfom je maligno, limfoprolife-
rativno oboljenje dece i adolescenata. Zra¢na terapija
predstavlja vazan vid lecenja. Moguénost kasne tok-
sicnosti radioterapije je ogranicavajuci faktor primene
radioterapije kao modaliteta lecenja kod pedijatrijskih
pacijenta.

Tehnoloskim napretkom radioterapije, uvodenjem na-
prednih radioterapijskih tehnika i protonske terapije, po-
boljsana je preciznost zracne terapije i smanjen rizik od
dugorocnih posledica. Ove tehnologije omogucavaju
ciliano lecenje, znacajno smanjujuci izlozenost zdravih
tkiva i organa zracenju.

Sve postojece preporuke lecenja i sprovedene koopera-
tivne studije pokazale su da je zracna terapija efikasna

u lecenju pedijatrijskog Hockinovog limfoma, posebno
kada se kombinuje sa hemioterapijom. Sa druge strane
postoji mogucnosti kasne toksi¢nosti na organe u ras-
tu i razvoju kao i nastanka sekundarnih maligniteta Sto
mora biti pazljivo razmotreno prilikom odluke o sprovo-
denju radioterapije.

Zracna terapija predstavlja znacajan terapijski pristup u
kombinovanom lecenju pedijatrijskog Hoc¢kinovog lim-
foma. Kombinovanim terapijskim pristupom poboljsani
su rezultati le¢enja, a napredne tehnike radioterapije
smanjice rizik za nezeljene efekte. Indikacije za primenu
radioterapije treba pazljivo proceniti u lecenju pedijatrij-
skih pacijenata sa Hockinovim limfomom.

Klju¢ne reci: pedijatrijski Hockinov limfom, zra¢na terapija, kombinovano lecenje, toksi¢nost
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