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INTRODUCTION
PaepiaTRIC HODGKIN'S Disease (HD) is an outstanding
example for a paediatric malignancy which can now be cured
in the vast majority of children without a significant risk of
adverse side-effects mostly achieved by combination treat-
ment. The evolution of staging and treatment strategies have
been based on the progress in diagnostic imaging as well as in
planning and performance of radiotherapy. Treatment stra-
tegies have been increasingly tailored to the individual risk of
relapse. The therapeutic ratio can be improved by reducing
the burden of each treatment modality which results in
avoidance of major side-effects. These strategies developed
for paediatric HD have recently even become an example for
strategies to be studied in adult HD. Deeper insight into the
molecular process of HD now allows a better understanding
of the malignant transformation process.

EPIDEMIOLOGY

The overall incidence rate of paediatric HD is 14 per
100 000 under the age of 15 years. The incidence of HD has
a characteristic bimodal distribution with regard to age. In
Western countries (European Union U.S.A.) rates are low
in early childhood rise steeply with an early peak occurring in
the age range between 20 and 29 years decreasing thereafter
and reaching a second peak beyond the age of 50 years. In
developing countries a higher incidence is found in child-
hood with a similar incidence in young adults. HD is rarely
detected in children younger than 5 years of age in Western
countries. Overall there is a slight male predominance which is
pronounced in children younger than 10 years (male:female
ratio of approximately 4:1). Nodular sclerosis shows a uni-
modal age incidence and accounts for the peak seen in young
adults in Western countries. Mixed cellularity type HD is
more common in children and in developing countries.
Nodular sclerosis type HD is associated with higher socio-
economic status. HD of mixed cellularity type is seen with
decreasing incidence with increasing social class [1].

There is a large body of evidence that HD is associated
with an infectious agent. Several epidemiological studies and
currently additional experimental studies highlight the fact that
Epstein—Barr Virus (EBV) seems to play an important role in
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the pathogenesis of HD. Mixed cellularity is much more
likely to be associated with EBV than with nodular sclerosis.
This is also reflected by the more frequent incidence of EBV
in childhood HD compared with HD in young adults [2].

PATHOLOGY BIOLOGY AND AETIOLOGY

HD was described more than 160 years ago [3]. The
definitive description of its histological features is now around
100 years old [4 5]. The most widely accepted classification
was introduced in Rye [6]. Based on morphological features
visible in standard histological sections four subtypes were
distinguished: lymphocyte predominance (LP) lymphocyte
depletion (LD) nodular sclerosis (NS) and mixed cellularity
(MC). This Rye-classification is still in common use for
clinical work-up and clinical trials. The recently published
revised European—American lymphoma classification [7] now
includes HD. In this classification additional immunological
and genetic markers were added to discriminate between
various forms of HD.

Modern techniques have led to the recognition of the LP
subtype of HD as a distinct clinicopathological entity termed
‘Lymphocyte Predominance HD’ (LP HD) or ‘Nodular
Paragranuloma’. When compared with the other subtypes of
HD this entity seems to be associated with a long natural
history a typical clinical presentation and an extremely
favourable prognosis. In LP HD similar to LD HD the
differential diagnosis from NHL in particular from anaplastic
large cell lymphoma can sometimes be difficult especially in
composite lymphomas. In NS HD a subdivision into two
subtypes (NSI/NSII) has been proposed based on the
number of RS-cells atypia and the extent of fibrosis [8].
Although controversial this subdivision seems to be sup-
ported by some studies which show a worse prognosis for the
NSII-type HD.

Until recently little has been known about the aetiology
and pathophysiology of HD mainly because it is a common
feature of all subtypes of HD that a very small number of
tumour cells (Hodgkin and Reed—Sternberg (HRS) cells) are
surrounded by a huge number of reactive lymphocytes and
histiocytes.

Efforts in the last few years have been successfully under-
taken to identify the nonmalignant counterpart of the HRS
cell at least for LP HD. Lymphocytic and histiocytic (LH)
cells which are the HRS equivalent in LP HD express
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several B-lineage associated surface markers such as CD19
CD20 CD22 and CD79a and are therefore considered to
be of B cell origin. Using single cell PCR of the Vg gene
locus several authors [9] have demonstrated the clonal origin
of LH cells from germinal centre B cells. Consequently LP
HD is considered to be a B cell lymphoma [7]. Whether
or not there is a transformation of LP HD into large cell
lymphomas is still controversial [10].

The questions regarding origin and clonality of the HRS
cells in the ‘classical’ subtypes of HD are much less settled.
There is however growing evidence coming from single cell
PCR analysis of the Vi gene [11 12] that the HRS cells are
monoclonal in at least 50% of the ‘classical’ cases of HD. In
most cases the majority of the HRS cells seems to originate
from germinal centre B cells [13] which have apparently
lost their ability to produce immunoglobulines by somatic
mutations in the Vg gene [14]. There are reports which
describe T cell markers such as CD3 on some HRS cells in a
few patients [15]. So in a minor subgroup of patients with
‘classical’ HD the HRS cells might be of T cell origin.

The likely origin of HRS cells from germinal centre B cells
and the crippling somatic mutations in their Vg genes offer a
tempting explanation for a pathogenic mechanism of HD.
Under physiologic conditions B cells with such mutations are
unable to produce antibodies or T cell receptors and are
therefore eliminated by apoptosis. Therefore the develop-
ment of HD disease requires that the HRS cells have found
mechanisms to evade apoptosis. The well-known 14;18
translocation which leads to overexpression of the anti-
apoptotic protein Bcl-2 and which is considered to be an
important factor in the aetiology of follicular lymphomas
could be found only in a few cases of HD [16]. The high
expression of various cytokines and cell surface receptors on
HRS cells [17] prompted the search for an activated tran-
scription factor which was found to be NF«B [18]. NFkB a
dimeric transcription factor is able to protect hepatocytes
from apoptosis during embryonic development. It has been
demonstrated that downregulation of NFxB activity in an
HRS cell line almost completely inhibits tumour growth in
SCID mice [19]. The reason for NFxB activation might be
the lack of activity of the inhibitory molecule IkBa. Another
explanation for the activation of NF«xB might be the latent
membrane protein 1 (LMP1) of the EBV which is expressed
in more than 70% of the cases of HD [20]. LMP1 is able to
activate NFxB via the Tumour Necrosis Factor Receptor
Associated Factor 1 (TRAF1). LMP1 is also able to upregu-
late anti-apoptotic proteins of the Bcl-2 family. There is evi-
dence that the latter mechanism is not of importance in HRS
cells [21].

Although HRS cells seem to have deactivated some apop-
totic pathways other parts of the apoptotic machinery are still
intact. This can be concluded from expression data of pro-
teins involved in the apoptotic signal transduction pathways
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[22] and from the efficiency of radiation therapy the effects
of which partially depend on the induction of apoptosis [23].

STAGING

The purpose of initial staging (pathological and clinical
staging) is to define the extent of detectable disease. Stage
according to the Ann Arbor definition [24] in combination
with certain risk factors (e.g. bulky disease) is most important
for the natural history and the prognosis of disease and forms
the basis for treatment decisions. Pathological staging has
been of crucial importance during the period when single
modality treatment was mainly applied in early and inter-
mediate stage disease and also for appropriate staging in risk
adapted combination treatment. With the widespread use of
high quality sectional imaging and the systematic combina-
tion of chemotherapy and radiotherapy—also in early dis-
ease—pathological staging with staging laparotomy has
practically lost its relevance during the last decade in par-
ticular in European practice. However it has to be kept
in mind that clinical staging based on modern imaging is
associated with a significant rate of false-positive and false-
negative results in nodal areas and in liver (negative) and
spleen (negative) (altogether up to more than 30% [25-28].
Nevertheless it may be argued that within the combination
treatment setting chemotherapy controls microscopic
deposits adequately. However patients with false-positive
results would be overtreated by local radiotherapy and—
because of ‘overstaging—by too much chemotherapy.
According to results from major recent trials (e.g. GPOH
AIEOP SFOP) which incorporated modern imaging based
clinical staging—despite a significant limitation in accuracy—
it seems to be sufficient to delineate suspected macroscopic
disease for defining subgroups (stage extranodal involve-
ment) including certain risk factors (e.g. bulky disease num-
ber of involved regions) for overall risk adapted individual
treatment planning in particular for the decision on the
amount of chemotherapy and radiotherapy. Sectional ima-
ging based clinical staging is most important for planning
local involved field (IF) radiotherapy.

The staging system for Hodgkin’s disease currently in use
is basically still the Ann Arbor Classification [24]. Some
revisions have been proposed at the Cotswolds Meeting [29]
which are given in brackets in Table 1 and also applies for
paediatric HD.

B-symptoms include recurrent drenching night sweats
unexplained weight loss of at least 10% of the body weight
within the preceding 6 months unexplained recurrent or
persistent fever above 38°C.

The subscript ‘X’ now indicates bulky disease for a mass
which is defined as 10cm or more in its largest dimension
(abdomen/peripheral nodes) and for a mass > one third of the
internal transverse diameter of the thorax at the level T5/T6
[29].

Table 1. Ann Arbor classification of Hodgkin’s Disease

Stage I
Stage II

Involvement of a single lymph node region or lymphoid structure (e.g. spleen) or a single extranodal site.
Involvement of two or more lymph node regions on the same side of the diaphragm or involvement of one extranodal site and

one lymph node region at the same side of the diaphragm (number of lymph node regions to be indicated by a subscript e.g. II3).

Stage III

Involvement of lymph node regions or lymphoid structures on both sides of the diaphragm (a subdivision has been introduced

for upper abdominal involvement as III;—spleen splenic hilar coeliac portal—or lower abdominal involvement as III,—

paraaortic iliac mesenteric [29]).
Stage IV

haematogenous spread to multiple extranodal sites (visceral involvement).
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For the more appropriate evaluation of remission a new
category has been proposed as ‘uncertain complete remission’
or CR,, indicating some residual mass on radiological exam-
ination with no clinical evidence of residual or recurrent dis-
ease [29].

The following procedures for work-up for staging are
recommended to be performed at present:

1. History complete clinical examination in particular of
the lymph node bearing regions and the abdomen
(hepatosplenomegaly).

2. Histology including immunophenotyping with tradi-
tional and new classification.

3. Basic laboratory tests as complete blood cell count
erythrocyte sedimentation rate (ESR) alkaline phos-
phatase liver function parameters serum albumin and
LDH are widely accepted. The value of additional
work-up like the assessment of EBV-serology immune
status (B T4/T8 lymphocytes NK cells) monoclonal
antibodies (CD 30) cytokines adhesion molecules
and oncogenes will be hopefully clarified in near the
future [30].

4. Noninvasive diagnostic imaging procedures have a
moderate overall accuracy depending on a large variety
of parameters which may be estimated to be some-
where between 70 and 90%. Few precise overall data
are given in the literature for the various regions except
for the abdomen. The noninvasive imaging procedures
include chest radiographs and chest CT abdominal
CT and ultrasound including the pelvis ultrasound for
peripheral lymph nodes. Sectional imaging is mainly
based on the (pathological) size of lymph nodes with a
mass >1.5 cm regarded as involved [29] which varies to
some degree in the different regions. In Europe lym-
phography is hardly used any more although it is
superior in detection of pathological lymph node struc-
tures in retroperitoneal lymph nodes [26]. The overall
additional value of MRI remains still to be proven. For
specific indications like extranodal spread into soft
tissue MRI seems to be the method of choice [31].
Nuclear medicine investigations such as gallium 67
scans are not widely accepted because of their high rate
of false-positive results [32]. Biological imaging like
PET SPECT and immunoscintigraphy may become
interesting additional imaging tools in the future for
staging and monitoring.

5. Invasive diagnostic procedures such as laparotomy for
pathological staging in the abdomen have lost their
relevance with the systematic introduction of combina-
tion treatment. However invasive procedures should be
performed in very specific situations (e.g. extranodal
disease) which need clarification for therapeutic deci-
sions in terms of burden of treatment. For specific
situations in the abdomen (e.g. accurate assessment of
pelvic disease for sparing the ovaries from radiation
fields) pathological staging by staging laparotomy
remains the gold standard. Laparotomy could so far not
be replaced by laparoscopy for various reasons.

6. Bone marrow biopsy remains an important integral part
of staging in advanced disease. Bone marrow involve-
ment correlates with clinical risk factors which are
stage B-symptoms elevated ESR alkaline phosphate
and LDH.
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7. For toxicity assessment and monitoring heart and lung
function tests and endocrine function tests (thyroid
and gonadal function) are recommended before the
start of treatment.

PLANNING AND PERFORMANCE OF
RADIOTHERAPY

Treatment planning in HD for target definition has been
increasingly based on information from sectional imaging
studies (in particular CT) during the last two decades.
Nevertheless for specific planning of radiotherapy the tradi-
tional fluoroscopy based approach with conventional X-rays
is still used taking into account information from sectional
images for individualised target definition with individual
blocking. In the ‘large field approach’ e.g. with modified
mantel field techniques two opposite photon beams with
individual blocking have been the most appropriate treatment
techniques. Within systematic combination treatment the
target concept covering the whole classically defined lymph
node region has been questioned [33]. If only the area of
macroscopic disease has to be treated by radiotherapy within
such combination treatment the target can be more individ-
ually tailored to the spread of disease. Consequently the
treated volumes will conform more to the target sparing as
much normal tissue as possible. In such a setting there will
be more place for 3-dimensional (3-D) treatment planning
and conformal 3-D radiotherapy in paediatric HD in near
future resulting in a more adequate coverage of highly indi-
vidualised targets by treated volumes which can spare more
normal tissue than has been possible in the traditional oppo-
site beam technique covering whole lymph node regions.
Maybe there will even arise an indication for unconventional
beams like protons with their ability to spare even more
normal tissue behind the target (due to Bragg-peak effect)
compared with 3-D photon conformal radiotherapy.

TREATMENT
Until the 1960s treatment of HD in general—including
paediatric HD—was regarded as mainly palliative although a
high response rate to X-rays (orthovoltage radiation) was
known since the beginning of the century (neck: [34] (boy
age 4 years) mediastinum: [35]).

1960s to early 1970s

With a better understanding of the natural history of the
disease as a contiguous spread to adjacent lymph node areas
and the systematic use first of orthovoltage radiotherapy
[36 37] then of megavoltage radiotherapy (linear accel-
erators telecobalt machines) in superficial and deep-seated
adjacent areas localised HD (stage I-III) became a curable
disease [38 39]. Extended field radiotherapy (EF RT) was
delivered up to a dose of 40 to 44 Gy in 4-5 weeks. In the late
1960s and early 1970s the high responsiveness of HD to
various cytotoxic drugs became evident: alkylating agents
(mechlorethamine (M) cyclophosphamide (C) chlorambucil
(Chl) procarbazine (P) dacarbazine (D)); vincristine (O)/
vinblastine (V); prednisone (P); anthracylines (A); bleomycin
(B). The M(C)OPP and ABVD regimens resulted in high
continuous remission rates in advanced HD approximately
50% in stage IIIB/IV [40 41]. As the natural history and
biology of paediatric HD were regarded as similar to adult
HD the translation of adult HD treatment concepts into the
paediatric setting was performed which was high-dose EF RT



Paediatric Update

with 40-45 Gy in localised disease [42] and intensive multi-
agent chemotherapy with additional RT in advanced disease.
Nevertheless substantial radiation related morbidity was
soon recognised in particular musculosceletal growth inhibi-
tion after 40-44 Gy [43].

Late 1970s to early 1980s

A wide variety of specific strategies taking mainly into
account radiation-related morbidity was developed for the
treatment of paediatric HD in the late 1970s and early 1980s
including:

e Combination chemotherapy and low-dose EF RT with
15-25 Gy [44-47] or medium dose EF RT with 30—
36 Gy [48 49];

e Combination chemotherapy and low-dose IF RT [50-
53] or medium dose IF RT [54];

e Chemotherapy alone [55 56]; and
Involved field (IF) RT alone [57 58].

Based on growing experience with combination chemo-
therapy and radiotherapy different toxicities were increas-
ingly recognised. After treatment with alkylating agents and
RT second malignant neoplasms (SMN) and infertility (from
pelvic RT in girls from alkylating agents in boys) were
reported [59-63]; cardiomyopathy and coronary heart dis-
ease after high-doses of anthracyclines and high-dose RT to
the inferior mediastinum [64]; pulmonary disease after high-
doses of bleomycin (in combination with RT) [51 65];
thyroid abnormalities after high- and medium-dose RT [66].
A significant number of infections sometimes with fatal
outcome were associated with the intensity of treatment
(number of chemotherapy cycles EF RT) and with splen-
ectomy [48 61 67 68].

LATE 1980S TO THE PRESENT

Currently the major challenge has become the avoidance
of treatment related morbidity above all fatal events which
have mostly been attributed to SMN (ANLL and certain
solid tumours) and to overwhelming sepsis (rarely to pul-
monary or cardiac disease) and to minimise any significant
impairment in quality of life caused by somatic or psychoscial
late effects. Therefore the current strategies (late 1980s to
1990s) aim at further reducing the burden of treatment from
radiotherapy and chemotherapy and from diagnostic pro-
cedures (staging laparotomy in particular splenectomy).

EARLY DISEASE

Localised nodal disease (stage IA-IIIA) was recognised as
early as the 1970s as associated with a 5-year overall survival
(0OS) of 89-95% and a relapse free survival (RFS) of 57-66%
[42 69]. This was achieved with high-dose EF RT with 40—
46 Gy according to the effective treatment schedules in adult
HD. Because of the well-known radiation related adverse
side-effects in particular in soft tissue and bone growth dif-
ferent groups soon introduced additional combination chemo-
therapy derived from the experience in adult advanced
disease: first MOPP ABVD then OPPA COPP and
ChlVPP. RT was increasingly applied as involved field (IF)
RT with medium or low radiation doses (15-25/30-35 Gy)
[50 68 70]. Results after such combination treatment
improved with the most favourable results reported at 7
years as 100% OS and 98% event free survival (EFS) in 100
children in stage IA/B IIA [54 71].
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As these excellent results for obvious reasons could not be
improved any more the major challenge then became to
design treatment strategies with an optimal balance between
maximum efficacy and minimum toxicity. For radiotherapy
this meant dose and volume reduction in order to minimise
growth disturbances infertility cardiac complications and
above all the induction of SMN. For chemotherapy this meant
a reduction in cumulative dose or elimination of alkylating
agents (SMN infertility in boys) anthracyclines (cardiac
complications) and bleomycin (pulmonary complications).
Also staging laparotomy and splenectomy has been questioned
and finally abandoned. The burden of treatment was to be as
low as possible because it has been associated with serious
infections and impairment in quality of life (e.g. ‘fatigue’ [61]).

Combination trearment

The most challenging treatment strategies for localised
disease currently include combination treatment without
invasive staging procedures with the use of an initial che-
motherapy regimen (with little potential of long term toxi-
city) and IF or local radiotherapy with doses between 15 and
25 Gy. The most beneficial chemotherapy regimen in terms
of therapeutic range reduce or even eliminate alkylating
agents and/or anthracyclines and/or bleomycin. Italian and
French cooperative groups have successfully investigated the
ABVD regimen with 3-4 cycles of ABVD and low-dose IF
RT (Italian group EF in ITA) with cumulative doses for dox-
orubicin of 150-200 mg/m? and bleomycin of 60-80 mg/m?
resulting in progression and disease-free survival of 89-95%
respectively [46 72].

The most data have been collected in the German—Aus-
trian trial group (DAL/GPOH) with 2xOPPA (HD 82 HD
90 for girls) or OPA (HD 85/87) or OEPA (HD 90 for
boys) and IF RT (from 35 Gy in HD 82 to 25 Gy in HD 90)
given to 516 patients from 1982-1995 [73]. The respective
cumulative doses for doxorubicin was 160 mg/m? for pro-
carbazine (for girls in 2x OPPA) 3000 mg/m? and for etopo-
side (for boys in 2xOEPA) 1200 mg/m? all well below the
so far clinically recognised long term toxicity levels for the
different endpoints. The respective OS and EFS at 5 years
(cS TA/B IIA) were 98-100% and 80-98%. The volume of
radiation has been further reduced since the HD 90 trial
modifying the radiation fields to radiotherapy of local nodal
involvement [33]. Because of their low potential morbidity
and their high efficacy these combination treatment
schedules seem to represent a very beneficial approach.

A chemotherapy regimen very similar to OEPA has been
reported by O’Brien [74] with VEEP (epirubicin etoposide).
Another recently introduced challenging approach is being
carried out by the French group (SFOP) introducing an initial
chemotherapy regimen without anthracyclines and without
alkylating agents consisting of four cycles of VBVP (vinblastin
bleomycin (40 mg/m?) etoposide (2000 mg/m?) prednisone)
and IF RT of 20 Gy in case of a good response. Results repor-
ted so far are promising with an EFS at 2 years of 97% [75].

Because of its significant impact on SMN induction and
sterilising effects mechloretamine is now increasingly aban-
doned for treatment of early disease although it had been
proven to be very efficient in a large number of different
mono- and multicentre trials [44 50 52 53 76].

Higher radiation dose (‘boost’ dose) with an additional
10-20 Gy resulting in a total dose of 30-40 Gy has been
used in bulky disease at diagnosis and/or in insufficient partial
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remission with a significant residual mass. Currently a
radiation boost is mostly only applied for cases of ‘no suffi-
cient partial remission’ after initial chemotherapy. According
to the SFOP and GPOH experience this insufficient partial
remission has been defined as less than 70-75% volume
reduction and/or a residual mass >>50 cm?® and accounts for
approximately 5-15% of all patients [72 77].

Single modality treatment

IF RT alone seems to represent another reasonable option
for selected prognostic favourable patients e.g. CS I invol-
vement of the upper neck lymphocytic predominance. In
favourable patients (CS I peripheral lymph node involve-
ment) IF RT alone with radiation doses of 35 Gy results in
98% OS and 85% EFS according to the British experience
(UKCCSG) [57].

In all stage I/IIA patients (including any pattern of
involvement) IF RT alone as investigated by the CCSG
from 1977-1981 [52] resulted in a low rate of relapse free
survival (41%) but still in a high rate of 95% OS at 5 years.
Nevertheless 59% of all patients required intensive salvage
treatment so such treatment cannot be recommended taking
into consideration the significant burden of long-term treat-
ment-related morbidity in a large number of patients.

If medium-dose IF RT alone is considered the potential of
long term radiation morbidity has to be carefully considered.
In peripheral lymph node treatment (mostly neck) this
means thyroid function impairment and soft tissue and bone
retardation which is most pronounced after medium and
high-dose radiotherapy in young children [78].

Chemotherapy alone as proposed by different groups is
also to be judged from the long term morbidity. Six cycles of
ABVD alone [79] with cumulative doses of doxorubicin of
300 mg/m? and of bleomycin of 120 mg/m? resulting in an
EFS of 10/12 (crude rate 83%) are efficient but not attractive
in terms of their potential for long-term cardiac and pul-
monary morbidity. The same applies for chemotherapy alone
regimens using high cumulative doses of alkylating agents
such as that used in the UKCCSG trial with 6-8 cycles of
ChlVPP [80] with significant cumulative doses of chlor-
ambucil (504-672mg/m?) and procarbazine (8400-
11200 mg/m?) or that used in the Australian trial (4-12
cycles of ChlVPP or MOPP [81]) which have a high poten-
tial for long term morbidity in terms of (male) infertility and
SMN induction [59 60]. Such regimens for stage II disease
result in 80% EFS and 94% OS at 5 years but with a high
probability of infertility at least for boys and a significant risk
of SMN induction they cannot be recommended. A similar
comment applies for the POG 8625 study on early disease
which included 3 cycles of MOPP and 3 of ABVD in the
chemotherapy alone arm after pathological staging. Although
results have been rather favourable (EFS 88% at 8 years
[82 83]) this treatment as for other reported chemotherapy
alone regimens seems to be excessive for early stage disease
as it bears a significant potential for long-term morbidity.

Future

Future strategies will certainly try to refine radiation ther-
apy and chemotherapy for this patient group that accounts
for approximately half the paediatric HD patient population.
Using a gold standard of combination treatment high cure
rates approaching 100% and EFS rates >90% are now
achievable in non selected CS I and IIA children staged
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without laparotomy and splenectomy treated with 2 cycles of
chemotherapy e.g. OPPA OEPA VEEP VPVB combined
with low-dose IF RT thus with a low potential of treatment
related long-term morbidity. This highlights the fact that an
optimal treatment strategy in this early disease group seems
to be almost complete.

One future option is to reduce the indication for RT in
selected favourable patients. This can be done by using the
treatment response after 2 cycles of chemotherapy as a selec-
tion criterion for further treatment which means for example
to stop further treatment (radiotherapy) in cases of a com-
plete response after chemotherapy. It does not seem advisable
to replace RT by further chemotherapy because this might
add chemotherapy-related morbidity. This issue is at present
under investigation in the current GPOH HD 95 protocol
[84].

Another future option is to reduce radiotherapy further in
terms of dose (10-15Gy) and volume (local involvement
only). In particular radiotherapy targeted to the involved
nodes only as detected by modern sectional imaging which
has been successfully pioneered in the HD 90-trial [33] is a
challenging approach in terms of reduction of treated radia-
tion volume without jeopardising excellent treatment results.

The use of new non-cytotoxic biological drugs in this
favourable subgroup is currently not probable at least in the
near future.

INTERMEDIATE DISEASE (LOCALISED DISEASE
WITH ADVERSE PROGNOSTIC FACTORS)

Adverse prognostic factors in paediarric HD

Compared with the extensive experience in adult HD few
data are available in paediatric HD on the prognostic risk
factors which can classify unfavourable localised disease.
This seems to be a consequence of the excellent treatment
results (EFS about 90%) in particular after combination
treatment—which has become almost routine practice within
the last two decades in paediatric HD. For obvious reasons it
is difficult to detect prognostic relevant parameters in a rare
disease with an excellent outcome. Adverse prognostic para-
meters have been mainly derived from experience in adult
HD after high-dose EF RT alone where they have been suc-
cessfully used for the assignment to different treatment
groups in particular for EF RT alone in localised favourable
disease and combination treatment in localised unfavourable
disease [85]. These prognostic factors have been above all
stage and B-symptoms then width of mediastinal mass and
bulk of disease number of involved lymph node regions
splenic involvement erythrocyte sedimentation rate histol-
ogy primary infradiaphragmatic disease and anaemia. On
the whole these risk factors have never been widely verified
in the paediatric population with the exception of stage B
symptoms and to some extent mediastinal mass and bulk of
disease [77 86 87].

Risk adapted trearment based on stage

Treatment strategies in the paediatric population have
been mainly tailored to stage. Widely accepted are the low
and high risk groups: early nodal disease classified as stage
IA/IIA and advanced disseminated disease classified as stage
IVA/B. This is reflected in the dichotomy of treatment stra-
tegies with for the majority of institutions and cooperative
groups only two alternatives one for ‘early’ and one for
‘advanced’ disease. There is no consensus however on how
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to classify and how to treat children in an intermediate risk
group who are considered to be between the low and high risk
groups as for example children with (compare [29] for the
suffices): B-symptoms (CSIB/IIB/IIIB) bulky disease (CSII,
CSIII,) 3 or more involved lymph node regions (e.g. CS II5/
CSII,/CSIIs) infradiaphragmatic involvement (CSIII CS
II1,/111,) splenic involvement (IIIAg) any additional extra-
nodal disease (e.g. IIg. or IIlg). These differences are not
trivial but have so far been poorly represented in the assign-
ment to different risk or treatment groups.

The Italian and the German—Austrian cooperative groups
have consequently tried to define an intermediate risk and
treatment group which has been based in particular on Ann
Arbor stage (stage IIIA) on the presence of B-symptoms
(IIB) and on extranodal involvement (IgA IgB IIgA); in the
Italian group bulky mediastinal disease and spleen involve-
ment have been added. Both the Italian and the German—
Austrian cooperative groups have so far been able to present
excellent treatment results (EFS between 81 and 94%) with
risk adapted treatment strategies including more chemother-
apy (4 versus 2 cycles (DAL-GPOH) or 6 versus 3 cycles
(AIEOP)) and more radiotherapy in terms of dose (GPOH)
or volume (AIEOP) in intermediate disease compared with
early disease [46]. In the British study the chemotherapy
alone regimen was supplemented with local RT in case of
bulky mediastinal disease.

One of the major challenges of future treatment strategies
will be the better definition of risk groups in order to better
tailor treatment strategies of different intensity to the individ-
ual risk.

ADVANCED DISEASE STAGE IIIB-1V

Results in advanced (unfavourable) disease reported so far
from single institutions have been significantly worse than in
early (favourable) disease. These results have been difficult to
interpret because of rather small patient numbers and differ-
ent treatment regimens: in the Stanford Toronto and Boston
studies low patient numbers with stage IV disease were
treated in different time periods from about 1969-1992
resulting in a 7-10 year OS of 65-85% and DFS of 60-69%
[44 50 88 89]. The majority of these patients were treated
with MOPP regimen (six cycles)—except the late series from
Stanford with 6 alternating MOPP/ABVD cycles [89]—and
low-dose RT (15-30 Gy (Stanford/Toronto)). IF RT was
used in the Stanford; EF RT in the Toronto and Boston
series.

Advanced disease has only been studied recently in sig-
nificant patient numbers by large cooperative groups in par-
ticular within five German—Austrian DAL/GPOH trials (HD
78/82/85/87/90) one SIOP trial (SIOP IV) and three
CCSG/POG trials (521-P/8426 8725). The DAL/GPOH
strategy was based since 1982 on initial chemotherapy
(2xOPPA plus 4xCOPP) and IF nodal and extranodal low-
dose RT (12-25 Gy) in patients with stage IIEB IIIEA IIIB
IIIEB 1IV. These consecutive prospective clinical trials from
1982-1995 accruing 300 children resulted in OS of 83—
100% and EFS of 83-91% except in HD85 with 46% EFS/
100% OS without procarbazine [68].

The GPOH/SIOP trial (SIOP IV) based on an identical
approach to the DAL/GPOH strategy produced similar OS
0f 95% and EFS of 79% at 4 years in 97 stage IV patients [90].

The CCSG/POG strategy was based on very intensive
chemotherapy in combination with low-dose RT. The first
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trial started with 12 cycles of ABVD and regional RT (CCSG
521-P 1984-1985 [51]). The POG trial 8426 investigated
4xMOPP combined with 4xABVD followed by low-dose
RT (total nodal irradiation (TNI) subtotal nodal irradiation
(STNI) (21 Gy) plus extranodal RT) leading to 3-year EFS
of 77% and OS of 91% in 62 patients [47]. The latest POG
randomised trial (1987-1992 8725) examined the additional
value of radiotherapy with initial 4x MOPP combined with
4 xABVD followed or not by low-dose RT (TNI STNI plus
extranodal RT). The overall results in 179 pts were 92% for
OS and 79% for EFS at 5 years with no significant difference
between the two arms on an ‘intent to treat’ basis [91]

(compare also the criticism of Donaldson [92]).

The therapeutic results of these different trial traditions for
advanced disease are excellent and seem to be comparable.
Nevertheless the potential long-term toxicity of the different
regimens have to be considered. The DAL/GPOH strategy
for example seems to carry much less risk of adverse late
effects than is to be expected from the POG regimen. This
applies for chemotherapy (leukamogenic effects and induc-
tion of sterility by mustargen pulmonary toxicity by bleo-
mycin) for radiotherapy (larger radiation portals if treated)
and intestinal morbidity and immunosuppression caused
by laparotomy and splenectomy in a significant number of
patients.

Based on these favourable results it seems to be worth-
while even for advanced disease to tailor further treatment
intensity to the individual risk of different patient groups.
This applies both for chemotherapy and radiotherapy.

Response to chemotherapy may be among others one of
the important prognostic parameters [91]. This issue is being
studied at present in the current GPOH-HD 95 protocol.
Patients with a complete response (CR) at the end of
chemotherapy receive no further radiotherapy treatment.
According to the data collected so far in this protocol 18/110
patients achieved a CR at the end of chemotherapy and only
1 relapsed resulting in an EFS for this group of 94 versus
86% for the 92 patients without CR [84].

SALVAGE TREATMENT FOR RELAPSED AND
REFRACTORY DISEASE

The experience with salvage treatment in paediatric HD is
limited due to the low number of treatment failures. Never-
theless the overall results of salvage treatment approaches the
range of results from primary treatment [93].

The standard of primary treatment has evolved to be
induction chemotherapy (two to eight cycles dependant on
the risk group) in combination with low-dose IF radio-
therapy. After such risk adapted treatment in localised disease
(two to four cycles of chemotherapy and low-dose IF RT)
there is consequently—in case of first relapse—again the option
of an effective combination treatment with chemotherapy and
IF/EF radiotherapy. This is also true although to less extent
in case of first relapses after advanced disease.

Often proposed as salvage treatments are alternative
chemotherapeutic agents to those used in primary treatment:
e.g. ifosfamide etoposide CCNU prednimustine. Neverthe-
less highly effective agents in HD such as anthracylines or
alkylating agents should in any case be reconsidered within a
salvage regimen. From the German—Austrian trial experience
an effective salvage treatment consisting of IEP (ifosfamide
etoposide prednisone) in combination with ABVD/COPP
after OPPA/COPP for primary treatment resulted in the
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majority of patients in a second continuous complete remission
[93 94]. Thus cure can be achieved in a significant number
of patients based on such conventional treatment schedules
with only moderate risks of long-term adverse side-effects.

There seems to be little indication for high-dose chemo-
therapy with stem cell support in case of first relapse after risk
adapted primary treatment due to the good results of
conventional salvage treatment on the one hand and the
significant toxicities of high-dose chemotherapy on the other
hand. In case of insufficient response an increase in con-
ventional chemotherapy and local radiotherapy should be
considered as the first choice high-dose chemotherapy only
as the second.

The few patients who progress during primary treatment
(1-2%) and who experience an early second relapse have a
relatively poor prognosis. In this patient group with refractory
disease high-dose chemotherapy with ABMT (autologous
bone marrow transplantation) similar to the regimen used in
adult treatment is to be considered for salvage treatment [95]
and results in progression free survival of approximately 40%
[96]. A precondition for an effective high-dose chemotherapy
programme however is a significant or a complete remission
which has to be achieved first by induction chemotherapy
preferably in combination with IF radiotherapy.

There have been few publications on prognostic param-
eters in relapsed paediatric patients. Based on some clinical
evidence it may nevertheless be assumed that—similar to
adult HD—good prognostic parameters in relapsed children
are a long duration of first remission and relapses in nodal
(not irradiated) sites whilst poor prognostic parameters are a
short initial CR relapses in extranodal sites and stage IV at
diagnosis.

FUTURE

The aim of further improvement of treatment strategies
will be mainly to avoid or minimise adverse side-effects
(chronic medical as well as psychosocial) which may be
caused by diagnostic or therapeutic means and at the same
time not to jeopardise substantially the excellent treatment
results which have been achieved so far. In paediatric HD
this main goal will be achieved through further reduction of
morbidity-associated treatment which applies both for radio-
therapy and chemotherapy. In addition invasive staging
procedures associated with morbidity will be abandoned
and hopefully replaced by more accurate non-invasive pro-
cedures. In order to reach the goal of an appropriate ‘cost:
benefit ratio’ in terms of achieving cure and avoiding adverse
effects it will be necessary to improve the tailoring of differ-
ent treatment strategies in regard to their intensity to the dif-
ferent subsets of risk groups which need better definition. In
addition it may be of some advantage if new therapeutic
approaches can be introduced which are less toxic than the
present ones. However in near future no direct translation of
the insights gained into molecular pathophysiology of HD
into effective clinical treatment strategies seems likely
although this field represents one of the most challenging
issues for future basic and clinical research.
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plate for current trials in the management of adults with
Hodgkin’s disease. Professor Potter has succinctly and accu-
rately summarised many decades of clinical research and
experience in his accompanying comprehensive review arti-
cle. Many lessons can be learned from careful scrutiny of this



