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Introduction 

Hodgkin lymphoma is a lymphoid neoplasm 

characterized by the presence of a few tumor Hodgkin 

and Reed-Sternberg (H-RS) cells, mostly originated from 

geno and phenotypically aberrant B cells, amidst an 

intense inflammatory infiltrate. Based on morphological 

and phenotypic characteristics and composition of the 

cellular infiltrate, Hodgkin lymphoma is subdivided into 

classical and nodular lymphocyte-predominant Hodgkin 

lymphoma (cHL and NLPHL, respectively) [1].  

 

cHL is one the most frequent lymphomas in the Western 

world. In the United States, it is the 9
th

 most frequent in 

children until 15 years and the most frequent in 

adolescents (16 to 18 years) [2]. Since the introduction of 

high voltage radiotherapy and polychemotherapy 

(MOPP-regimen), HL became a curable disease [3]. 

Nowadays, more than 80% of patients are cured, but this 

significant improvement in the survival is accompanied 

by the late effects of treatment [4]. The challenge for 

pediatric oncologists today is minimize the late toxicity 

while maintaining the excellent survival; the 

identification of risk factors is essential to this objective. 

Those prognostic factors are used to try minimize the 

over exposition to the anti-neoplastic treatment, 

reserving the most toxic and presumably more active 
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treatments for patients with the worst prognosis and the 

least toxic, but possibly less effective treatments, for 

patients with the best prognosis  [5, 6].  

 

Prognostic factors in HL are, mostly, crude direct and 

indirect measures of tumor burden and activity [7,8]. 

Clinical characteristics at presentation [9,10] as well as 

protein immunoexpression [1, 9, 11, 12] and Epstein Barr 

Virus (EBV)-association [13, 14,15] have also been 

identified as prognostic factors in several studies. 

However, prognostic indices have been developed mostly 

for adult cHL, but the number of studies in childhood cHL 

is still limited [16]. Understanding the relationship of 

clinical and biological characteristics of the disease with 

clinical response is essential to therapeutic decision 

making and drawing of new treatments pointed to the 

decrease of the late effects in pediatric cHL. 

 

Epidemiological and Demographical Aspects 

 

cHL is subdivided in four histological subtypes: nodular 

sclerosis (NS), mixed cellularity (MC), lymphocyte rich 

(LR) and lymphocyte depletion (LD) [1]. MC and NS 

subtypes exhibit different prevalence in cHL, in respect to 

age and socio-geographical distribution. Three 

epidemiologic patterns of cHL, according to the level of 

socioeconomic development, have been described. In 

pattern I, seen in underdeveloped countries, cHL incidence 

shows an early childhood peak, and the predominant cHL 

subtype is MC. Pattern II, observed in developing or 

transitional economies, displays both a childhood and a 

second decade peak, and equal frequencies of MC and NS 

subtypes. Finally, in pattern III, observed in developed 

countries, cHL shows a third decade peak and a 

predominance of NS over other subtypes [17]. MC is the 

most frequent subtype in underdeveloped countries and in 

childhood cHL [17,18]. However, in developing countries, 

a predominance of NS subtype can be observed in 

pediatric cHL, which does not conform to any of the 

previously described patterns [19].  

 

Age has been demonstrated to be a prognostic indicator of 

outcome in HL, with low risk children having an OS of 

more than 90%, but older adults having a poor outcome 

[20,21]. These distinct outcomes have been attributed to 

differences in disease biology between young and old 

patients [21], and/or differences in the tumor 

microenvironment composition, secondary to underlying 

differences in the immune response. Of course, it is 

possible that the co-morbidity in older patients has some 

contribution to the outcome differences [21] . 

 

cHL is the most common neoplasm among adolescents 

[2,22] and some results are pointing to a worse outcome in 

adolescents with cHL when compared to young adult 

patients [20,22,23] and young children [22]. An important 

point of discussion about the differences in survival 

between adolescents and young adults is the lack of 

uniformity in treatment criteria, since adolescents are 

treated with adult or pediatric protocols depending on 

center specific policies and referral patterns. It is possible 

that the poor outcome of adolescents observed in the past 

studies may be attributable to their treatment with adult 

regimens, rather than the risk-adapted combined modality 

treatment that is used nowadays in many pediatric centers 

[20].  

 

In fact, some present studies showed no differences in the 

outcome between adolescents and young adults when 

treated with the same protocols [24,25]. In our 2 different 

Brazilian groups of pediatric cHL (Brazilian National 

Cancer Institute, and Centro de Oncohematologia 

Pediátrica), we did not observe differences in the outcome 

between young children and adolescents [26,27].  

 

Tumor Burden 

 

Tailoring of cancer treatment is classically based on the 

estimation of the total number of tumor cells:  as higher 

the tumor burden, more intensive should the treatment be. 

The Ann Arbor staging is a simple method to stratify cHL 

patients and it has been shown to be of prognostic 

significance for disease free survival (DSF) and overall 

survival (OS) estimation in several pediatric studies [26, 

28, 29,30,31]. However, Ann Arbor staging is unable to 

accurately predict tumor burden, because it does not take 

into account the number of involved anatomic sites. For 

example, a stage IIA patient with cervical and axillary 

nodes, both on the same body side, would have a lower 

tumor burden than another patient with no symptoms and 

cervical and axillary bilateral involvement, who would 

also be staged as IIA. Therefore, it is possible that a 

fraction of advanced Ann Arbor stage HL children are 

over- or under-treated [26,32]. 

 

The combination of Ann Arbor staging and 

presence/absence of B-symptoms are used to stratify cHL 

patients into two risk groups: low risk-group (or early 

stage) and high risk-group (or advanced stage). There is no 

consensus about the best grouping, but the IIB, IIIB and IV 

are uniformly considered as advanced stages, compared to 

I, IIA and IIIA stages [16,26, 28,33,34].  An intermediate 

stage is incorporated by the German-Austrian group [31], 

which includes patients with IE, IIEA, IIB, IIIA stages; but 

most of the studies consider these children as having 

advanced disease [35]. 

 

The number of involved anatomic areas (IAA) may be a 

good marker of tumor burden, a strong adverse prognostic 

factor for cHL. Vassilakopoulos et al. showed for the first 
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time a significant influence of this variable on DFS 

prediction in adolescents and adults with advanced stage 

[33]. However, the effect of the number of IAA on DFS 

could not be replicated in a pediatric study [16]. The 

discordance between the results of both studies might be 

due to the fact that the latter only considered the number of 

involved nodal sites. In a pediatric HL retrospective series 

studied by us, children with more than 4 IAA (nodal and 

extranodal) had a 6.4 fold increased risk of unfavorable 

outcome (p= 0.0001) [26]. We also observed that a sub-

group of children with better prognosis can be identified 

among the unfavorable risk patients, based on tumor 

burden as defined by number of IAA, which suggested that 

the main negative consequence of tailoring chemotherapy 

based only on clinical stage and/or risk-group is the 

overtreatment of a group of patients stratified as advanced-

disease, without having a high tumor burden [26] . 

 

Computed tomography (CT) is the principal technique to 

assess the distribution of the disease, however this imaging 

modality also has several limitations given that 

interpretation of nodal involvement is based only on 

anatomic criteria such as size and shape, making it often 

impossible to discriminate lymphoma lesions from benign 

CT abnormalities  [36].  

 

The fluorodeoxyglucose (FDG) positron emission 

tomography (PET) scan is the best method to staging 

pediatric cHL, this technology may improve the staging in 

until one third of pediatric patients  [37].  This is a 

functional whole-body imaging method, which allows for 

the visualization and quantification of the glucose uptake 

in tissues (typically increased in HRS cells). It provides 

both functional metabolic data from FDG-PET and 

structural anatomic information from CT in one 

examination. The combination of the high sensitivity and 

specificity of FDG-PET with the high anatomical 

resolution of CT improves the diagnostic accuracy for 

detection of malignant lymph nodes (even the ones with a 

size of less than 1 cm) [38]. 

 

Early PET-responsive disease is associated with an 

excellent prognosis and can be used to modify therapy  

[29,37,39]. Likewise, persistent FDG uptake after front-

line chemotherapy is associated with relapse [37,40]. In 

adults, the analysis of the HD15 trial (German-Austrian 

group) has shown that consolidation radiotherapy could be 

omitted in PET-negative patients after effective 

chemotherapy [41]. PET-oriented therapy appears to be a 

promising approach to reduce toxicity for patients 

undergoing chemotherapy.  

 

Data on pediatric HL patient are rare, showed discordant 

results, and were mainly obtained retrospectively [42,43]. 

A recent prospective multicenter trial [44] assessed early 

and late therapy response in 40 pediatric HL patients and 

concluded that it helps to identify patients with excellent 

prognosis, which might benefit from de-escalation of 

antineoplastic therapy. 

 

The erythrocyte sedimentation rates (ESR), lactic 

dehydrogenase level (LDH), 2-microglobulin level, 

haemoglobin level and number of leukocytes/lymphocytes 

are used routinely in the pediatric oncology practice, but 

nowadays with the risk-adapted treatment, the majority of 

these variables are incapable to predict the outcome of 

pediatric cHL [32]. Among the serological markers 

considered to evaluate prognosis in HL, several studies, 

none with a focus in pediatric cHL that showed an adverse 

prognostic impact of the high level of serum IL10 

[33,45,46]. IL10 is an immunoregulatory cytokine with 

pleiotropic activity, produced by macrophages, dendritic 

cell DC, B cells and various subsets of CD4 and CD8 T 

cells [47]. IL10 inhibits cytokine production by both T 

cells and NK cells via inhibition of accessory cells 

function. It is possible that high serum levels of IL10 

reflects a systemic response to a high tumor burden; 

however, IL10 production may be a marker of immune 

dysfunction and have consequences at the systemic as well 

as at the microenvironmental levels (see below). 

 

Treatment Overview 

 

The successful treatment of HL has been one of the most 

significant accomplishments in cancer therapy over the last 

century. Since the introduction of extended field 

radiotherapy and MOPP combination chemotherapy, more 

than 60% of patients can be cured [48]. Nowadays, six to 

eight courses of ABVD are considered as the standard 

treatment for patients with advanced stage HL. On the 

contrary, the optimal treatment strategy for early stage HL 

is still the subject of intense debate [48].  

 

In concern to intermediate and high-risk HL, multiple 

clinical questions remain, such as the ideal CT regimen 

and the optimal extent of radiation therapy. Despite late 

squelae (infertility, second malignancy, cardiopulmonary 

toxicity) and knowledge that total dose and rate of drug 

delivery impact treatment efficacy, the adequacy of low-

intensity regimens deterred efforts to improve them. The 

goals are to achieve excellent treatment efficacy with 

reduced cumulative therapy, thereby limiting the potential 

for long term toxicity.  

 

Previous trials in advanced HL [28] showed that rapid 

early response (RER) was predictive of event free survival 

(EFS), whereas later response (at completion of 

chemotherapy) was not predictive. This supported the 

premise that RER was a measure of chemossensitivity. On 

this basis, Schwartz et al described a risk-adapted, 
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response based approach using a dose-dense chemotherapy 

regimen, ABVE-PC (doxorubicin, bleomycin, vincristine, 

etoposide, predinisone, cyclofosfamide) has been used 

with the goal of enhancing tumor cytotoxicity and 

inducing rapid tumor responses. This dose-dense early-

response-based treatment minimizes cumulative therapy 

and offers 84% 5-year EFS. Current Children Oncology 

Group (COG) trials evaluate the elimination of radiation 

therapy in early responders, considering the hypothesis 

that early response to chemotherapy can identify the 

patients with tumors that are sufficiently chemo sensitive. 

 

A prospective, randomized, multicenter trial [49] 

compared ABVD and Stanford V (mechloretamine, 

doxorubicin, vimblastine, prednisone, vincristine, 

bleomycin and etoposide) for the treatment of advanced 

HL. In this trial, ABVD was no bettered by Stanford V 

(SV) regimen, despite the use of RT in the majority of 

instances. ABVD offers the potential to avoid radiotherapy 

in patients who experience complete remission. However, 

for some patients, SV can be the first choice regimen 

because of the brief duration of treatment and reduced risk 

of acute pulmonary toxicity. 

 

For many, ABVD still represents the standard initial 

treatment regimen for advanced HL; however, excellent 

responses and progression free survival have been 

documented with standard and escalated regimens of 

bleomycin, etoposide, doxorubicin, cyclofosfamide, 

vincristine, procarbazine and prednisone (BEACOPP) 

[35]. Several groups have compared BEACOPP with 

ABVD in randomized trials, but neither has been 

established yet as definitely superior [50,51]. 

 

Over the last decade, some trials have explored the 

possibility of treating HL patients with CT alone [52], 

[53]. There is now increasing evidence that early stage HL 

patients are likely to be cured by four to six courses of 

ABVD alone, thus avoiding RT altogether [35,54]. The 

rationale for reduced radiation therapy field size is to 

further improve the therapeutic ratio. In patients treated 

with combination therapy, reducing the radiation therapy 

field size from extended-field radiation therapy (EFRT) to 

involved-field radiation therapy (IFRT) is associated with 

a reduction in radiation induced toxicity rates, without 

compromising overall survival (OS) or freedom from 

treatment failure (FFTF) [55,56].  

 

The involved-nodal radiation therapy (INRT) has been 

proposed as a means to further improve the therapeutic 

ratio by reducing the risk of acute radiation-induced 

toxicity and potentially reducing the rate of long-term 

complications, including second malignancies [57]. The 

rationale for this approach is based on the observation that 

after chemotherapy alone, most relapses of HL occur in 

previously involved nodes; therefore, it has been 

extrapolated that the addition of INRT should be 

equivalent to IFRT in preventing local relapse [58]. Based 

on this premise, it follows that the success of INRT will be 

dependent on the sensitivity of detecting and localizing 

sites of HL for radiation therapy (when FDG-PET is 

strongly recommended). So, this reduction in RT field size 

does not appear to be associated with an increased risk in 

local regional relapse or marginal recurrence [59]. With 

the use of more modern imaging modalities and radiation 

therapy techniques which permit for tighter radiation 

therapy margins, further reductions in field size might be 

safely undertaken [59].  

 

 

Histological and Immunoexpression Characteristics 

 

Among the four histological subtypes of cHL (NS, MC, 

LR and LD), NS is the more heterogeneous subtype, and 

can be stratified according to the WHO classification in 

NS grade I and grade II [1]. In this grade system, the NS-

GII is characterized by various nodules with high number 

of H-RS cells. In the past, NS-GII was associated with a 

worst outcome [60], but with the current treatments this 

histological grading lost prognostic significance [61].  

 

A new NS-graduation system was proposed by von 

Wasielewski et al [62] based on eosinophil count, cell 

atypia and lymphocyte depletion; cases with eosinophilia 

(> 5% of all cells or clusters in at least 5 high-power 

fields) and/or lymphocyte depletion (< 33% of all cells in 

the whole section) and/or atypia in the neoplastic cells 

(>25% of H-RS cells bizarre and highly anaplastic 

appearing with pleomorphic nuclear features, 

hyperchromatism, and highly irregular nuclear outlines) 

are considered as NS-high risk and cases without none of 

these factors are called NS-low risk [62]. This study was 

conducted predominantly with adult patients. In our 

pediatric group, we did not observe prognostic significance 

of this new NS-graduation system, however we observed 

that high-risk NS was associated with features of a more 

aggressive disease, such as presence of mediastinal mass, 

higher number of neoplastic cells and p53 accumulation 

[27]. 

 

In adults, as well as in children patients, the cHL 

histological subtypes have not shown prognostic 

significance. Histological characteristics, such as 

interfollicular pattern, number of H-RS cells, number of 

mitotic H-RS cells, type and number of inflammatory cells 

are not frequently investigated in pediatric HL. In our 

pediatric HL group, we observed an association between 

MC subtype and low aggressive disease at diagnosis, 

including low risk patients, low number of mitotic H-RS 

cells, B cell differentiation and EBV-association, 
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suggesting that, even though not associated with clinical 

response, histological characteristics may reflect disease 

activity and aggressiveness [27] 

 

The prognostic significance of the immunophenotype of 

H-RS cells is controversial. In the past decade it was 

demonstrated that H-RS cells almost always derive from 

pre-apoptotic B-lymphocytes [63]. Despite this B cell 

origin, one of the characteristics of H-RS cells is the loss 

of B cell markers [63]. In fact, the pan-B cell marker 

CD20 is expressed only in 20-40% of cHL [1]. In adult 

series, the prognostic role of CD20 expression is not clear, 

with some studies showing association with unfavorable 

outcome and the majority showing no prognostic 

association [64, 65,66].   There are few reports on pediatric 

series, and in all of them, CD20 was not associated with 

outcome [67,68].    

 

Most of cHL cases express CD30, a 120 kDa 

transmembrane glycoprotein which is part of the nerve 

growth factor/TNF superfamily and a marker of lymphoid 

activation. The absence of CD30 expression seems not to 

be associated with prognostic significance in pediatric cHL 

[64,65,67,68,69]. 

 

CD15 is a group of fucosylated molecules that may 

function in cell adhesion and regulation of signaling 

cascades, pointing to an activation rather than a survival 

role in H-RS cells [70] and its expression is observed in 

75-85% of cHL [1]. In adult HL, the prognostic value of 

CD15 is controversial [64,69,71,72,73], with only two 

studies showing clinical impact [64,69]. In pediatric series, 

Dinand et al, showed that CD15-negativity was associated 

with low OS, high stages (III/IV) and p53-negativity [68]. 

Conversely, in our pediatric group, CD15 was not 

associated with outcome [67]. 

 

One of the characteristics of cHL is the constitutive 

activation of the NFB pathway [74], apoptosis resistance 

[75] and alterations in the cell cycle machinery [76]. Many 

immunohistochemical studies were designed to search for 

prognostic markers based in the biology of H-RS cells [7, 

73,75,76,77], most of them with adult patients, being 

required the validation in the pediatric population.  

 

Bcl2 is an inner mitochondrial membrane protein which 

inhibits apoptosis, so extending cell survival [78]. In adult 

cHL, its expression may be associated with clinical 

resistance to drug-induced apoptosis and poor outcome. 

Rassidaskis et al, in the largest study of the literature, 

showed that Bcl2 expression by H-RS cells had a worst 

prognosis in adults treated with ABVD or equivalent 

regimens, [65] and the same was observed by others [77], 

[75]. However, in some other studies, Bcl2 expression was 

not associated with survival [7,73]. In the few studies with 

pediatric cHL, Bcl2-expression was not associated with 

survival [27,79]. It is important to mention that in our 

series, although we have not observed prognostic 

association with Bcl2-expression, children expressing Bcl2 

in >10% of H-RS cells were in a cluster characterized by a 

more aggressive disease [27]. Similar to other 

immunohistochemical studies, the observed differences 

could be associated with the different cut-offs adopted to 

consider a case Bcl2-positive. 

 

p53 is a nuclear phosphoprotein involved in the regulation 

of transcription and cell growth. Mutations of p53 are the 

most commonly detected genetic abnormality in human 

neoplasms [80]. Those mutations induce a conformational 

change in the protein, rendering it stabilized; for this 

reason, nuclear overexpression of p53 by 

immunohistochemistry is meant to be correlated with p53 

mutations. However, in some cases, p53 positivity occurs 

without detectable mutations [81,82], especially in cHL 

[83]. As dysfunctional p53 is associated with accumulation 

of errors in DNA, many studies were conducted to 

evaluate if this alteration could bear some prognostic 

impact. Like Bcl2, the association between p53 and 

outcome is controversial in adult cHL. Some studies 

showed an independent association of p53 accumulation 

with shorter survival, while some others failed to find such 

association [7,73,75,77,84]. A major problem in all of 

these papers is the lack of consensus about an ideal cut-off 

to consider p53-accumulation, making the data difficult to 

compare. Some authors use a low p53 cut-off because they 

believe that even few cells expressing p53 are sufficient to 

enable disease progress [73,75,77]. Others favor the use of 

a high cut-off (>50% of cells with p53 over-expression) 

[7,84], since p53 nuclear overexpression is a well-known 

phenomenon in HL, and low levels of expression are 

usually unrelated to the presence of gene alterations [85]. 

At this respect, we have used 50% as threshold to consider 

positivity for p53, because it is similar to that found to 

reflect p53 mutations in non-HL and HL [86,87]. 

 

 In the few pediatric cHL series focusing on this molecule, 

p53 expression was not associated with outcome [79,88], 

even when p53 is evaluated in combination with p21 

[27,79]. The combined expression of p53 and its 

downstream effector p21 is used to classify cases 

according to p53 functionality, because some cases with 

p53 over expression may maintain p21-functionality [89]. 

It is possible that either p53 over-expression is losing its 

prognostic value with the present efficiency of HL 

treatment, similar to what is occurring with other classical 

prognostic factors [32] or  in children, p53 really do not 

contribute to a worst outcome. Since p53, like Bcl2, are 

important prognostic factors in adults, to answer these 

questions would be necessary a large prospective study 

with pediatric cHL. In our children, we have observed that 
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p53-positivity is associated with NS GII and a high 

number of mitotic H-RS cells, suggesting that loss of 

functional p53, and consequently the perpetuation of cell-

cycle, is important in the composition of this NS 

histological subtype [27]. 

 

Cell proliferation markers, such Ki67, PCNA and 

Topoisomerase-II, have been evaluated as prognostic 

factor in several adult cHL series [73, 77, 90,91], some 

studies showing an adverse outcome for patients with high 

cellular proliferation index (PI) [73,77, 91]. The interest by 

these markers increased after a gene-profiling study 

showed a cell cycle regulatory signature, containing genes 

related to mitotic checkpoint, as differentially expressed 

between cases with good and poor outcome [90]. 

However, other studies were not able to confirm the 

prognostic impact of the cell proliferation markers [77], 

[92]. There are few studies including only pediatric cHL. 

Tiemann et al did not observe differences in the outcome 

of children and adolescents with high Ki67 expression by 

H-RS cells [93]; while Dinand et al. showed good failure 

free survival (FFS) in children with high PI [68]. 

Accordingly, we found a high FFS in children belonging to 

the unfavorable groups (IIB, IIB, and IV), when Ki-67 was 

expressed in >50% H-RS cells [67. cHL with high PI may 

represent a disease more responsive to chemotherapy, 

considering that drug sensitivity is proportional to the 

proliferating cell fraction. 

 

Tumor Microenvironment 

 

The tumor microenvironment in cHL has been considered 

to be a manifestation of host immune reactions to 

malignant cells [87].   The immune response in HL is 

likely to be inadequate because of the poor 

immunogenicity of H-RS cells, the immunosuppressive 

effect exerted by the tumor cells, or the poor response of 

the host immune system [94, 95]. The functional status of 

the reactive microenvironment was found to be associated 

with the number, subset type, and activation state of the 

reactive immune cells, specifically the cytotoxic (CTL) 

and regulatory T (Treg) cells [95,96,97,98,99,100]. In 

cHL, CD4 T cells are the largest population of infiltrating 

non-tumor cells [101]. A subset of these cells is Treg cells, 

characterized by a CD4+ CD25+ FoxP3+ phenotype, 

which are actively attracted to the microenvironment by H-

RS cells [102], [94]. Treg cells can inhibit both interleukin 

(IL) 2 production and the up-regulation of IL-2R-chain 

(CD25) expression, thus delaying or blocking the 

activation of CD8 and natural killer (NK) cells [103], 

[104]. These immunosuppressive properties of Treg cells 

may be important in cHL, and may contribute to immune 

evasion by H-RS cells and, consequently, theirs survival 

[105].  

From this, one would anticipate that a high number of Treg 

cells associated with low numbers of CTL would be 

associated with poor outcome, as observed in solid tumors 

[106]. However, in cHL the opposite is observed: cases 

with high number of CTL and low number of Treg cells 

are associated with poor survival and cases with low 

number of CTL and high number of Treg cells are related 

to better survival  [98,102,105,107]. The full significance 

of infiltrating immune cells in the pathogenesis of cHL and 

the explanation to this prognostic difference continues to 

be obscure. In all cited studies, the determination of Treg 

cells was realized by immunohistochemistry for the 

detection of FoxP3, a protein expressed mainly in Treg 

cells [108]. However, recent reports in humans 

demonstrated FoxP3 expression also in activated 

conventional T cells without suppressive activity [109], 

[110,111]. Nevertheless, FoxP3 is currently considered the 

best single marker for the detection of Treg cells. 

 

It is possible that CD4-positive Th2 cells may have anti-

tumor activity in cHL. A recent paper [100] showed that 

low Th2/Treg cells ratio was associated with an adverse 

clinical outcome, suggesting a possible role of Th2-

mediated anti-tumor immunity controlled by Treg cells in 

HL. This hypothesis is compatible with the worse survival 

of cHL patients that have a higher number of CTL. 

 

Unfortunately, all prognostic studies based in the tumor 

microenvironment of cHL were realized with adults or a 

mix the old children/adolescents and adults, showing the 

importance of validating these prognostic factors in the 

pediatric population.  

 

As an important immunoregulatory cytokine IL10 can 

have local effects directly on CD4 T cells, inhibiting 

proliferation and production of IL12 (a key cytokine for 

the differentiation of the Th1 cell subset), IFN-, IL4, IL5 

and IFN- [112]. Thus, IL10 can directly regulate innate 

and adaptive Th1 and Th2 responses by limiting T cell 

activation and differentiation in lymph nodes, as well as 

suppressing proinflammatory responses in tissues [47] 

IL10, as well as TGFb, can induce DC to change into a 

specialized tolerogenic DC (tDC) subset that is able to 

induce Treg cells. IL10 also inhibits production of both CC 

and CXC chemokines by activated monocytes; these 

molecules are implicated in the recruitment of monocytes, 

DC, neutrophils and T cells [112]. On the other side, H-RS 

cells can secrete IL10, contributing to an 

immunosupressive microenvironment. 

 

Epstein-Barr Virus Association 
EBV is a gamma-herpesvirus, which asymptomatically 

infects more than 90% of the human population and is 

implicated in the pathogenesis of several lymphoid and  
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epithelial neoplasms, such as undifferentiated 

nasopharyngeal carcinoma, Burkitt's lymphoma, 

posttransplant lymphoproliferations, and Hodgkin's 

lymphoma [113], [114].   

 

The latent membrane protein 1 (LMP1) is the major viral 

oncogene, and is expressed in the tumour cells of virtually 

all cHL EBV-positive [115], It is proposed that LMP1 is 

involved in the pathogenesis of this disease, by rescuing 

H-RS precursors from apoptosis [116], [117]. 

 

Regarding EBV association, a 3-disease model was 

proposed for cHL, on the basis of age at diagnosis and 

EBV status [118]. The first entity is largely a disease of 

childhood, EBV-associated, with higher incidence in 

developing countries and usually of MC subtype. 

Development of cHL is probably associated with an early 

exposure to EBV infection, which occurs at a particularly 

young age in less economically developed countries. The 

second entity, predominantly affecting older adults, is also 

EBV-associated, usually of MC subtype, and likely to be 

related to EBV reactivation events. The third entity 

predominantly affects young adults. It is more prevalent in 

developed countries, usually of NS subtype, and not EBV-

associated. In developed populations, tumor H-RS cells are 

infected by EBV in about 40% of cases of classic cHL 

[119]. On the other hand, a very high association of EBV 

with pediatric cHL from Latin America has been reported, 

where nearly all cases are EBV positive [120]. Notably, 

we have found the presence of EBV in only 54% and 48% 

in Argentine and Southeastern Brazil HL, respectively, and 

in Southeastern Brazilian pediatric HL, we observed a 

higher association of NS with EBV [79].  

 

The prognostic value of EBV presence in H-RS cells is 

being investigated and the results are still inconclusive. In 

some studies, EBV was associated with unfavorable 

outcome [13,15], while others show the opposite 

[77,121,122], and still others do not show any impact of 

the virus on the survival [123,124,125]. It is important to 

note that the majority of these studies included adult 

patients whose median ages are variable. This is an 

important detail, especially in the studies where EBV is 

associated with unfavorable outcome, because old patients 

undergo EBV-reactivation with a higher frequency due to 

the progressive decay of their health status and impaired 

immunosurveillance. In these cases, the presence of EBV 

might be an indirect marker of co-morbidities and not the 

element causing the bad prognosis per se. 

 

In pediatric cHL, this question has been less described. 

Engel et al (Engel et al, 2000) have established a 

significantly longer median survival in EBV-positive 

pediatric HL [126] . Keegan et al [127] showed that EBV-

positive status was associated with a more favorable 

survival than EBV-negative status in a small subgroup of 

children, postulating that EBV might serve as a useful 

indicator of prognosis. Claviez et al, in contrast, reported 

that latent EBV expression has no influence on failure-free 

survival [128] as well as Dinand et al [18]. We observed in 

a collaborative study between Brazil and Argentina that 

EBV infection was not associated with outcome [79]. 

 

Prognostic Factors: What is next? 

 

With the current risk-stratified treatment for cHL, long-

term disease-free survivals were 85% to 100% in patients 

with early-stage disease, and of more than 60% in those 

with advanced disease, are obtained [18,68]. The other 

side of this high cure rate is that a fraction of patients will 

receive excessive anti-neoplastic radio-chemotherapy 

resulting in the well-recognized late effects of cHL 

treatment [26,61,129,130]. 

 

The current clinical and radiological characteristics used 

for risk stratification in most treatment centers lead 

mistaken stratification in almost one third of patients [7]. 

However, when sufficiently intensive treatment for 

advanced stages is employed, adverse prognostic factors 

tend to disappear [32]. Thus, the identification of clinical 

and biological factors that allow discrimination of patients 

who may admit a reduction of treatment intensity is a 

current goal to reduce late effects in cHL. 

 

It is important to note, as already described, that many 

prognostic factors in cHL were derived from adult or 

adolescent/adult studies and it is necessary to validate 

these factors in pediatric population. A good example of 

this is the number of IAA that our group validated in 

pediatric population [26]. Our results indicated that a sub-

group of patients with better prognosis can be identified 

among the unfavorable risk patients, based on tumor 

burden as defined by number of IAA and suggest that the 

main negative consequence of tailoring chemotherapy 

based only in the stage and/or risk-group (stage combined 

with presence of B-symptoms) is the overtreatment of a 

group of patients stratified as advanced-disease, without 

having a high tumor burden [26].  

 

A sibling question would be the planning of treatment 

reduction for selected pediatric cHL groups aiming not 

only to the reduction of late effects but also including 

relevant information on clinical and biological 

characteristics of the tumor. Otherwise, the past prognostic 

factors could gain clinical relevance again.  One 

multivariate study performed at the Brazilian National 

Cancer Institute in pediatric cHL disclosed that some 

histological, immunophenotype, cell cycle factors and 

EBV status cluster with aggressive disease at diagnosis 

[27]. Even when these variables cannot predict clinical 
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response at the present status of HL treatment, they can be 

relevant for planning the decrease of treatment. 

 

What comes next? About pediatric cHL, certainly the 

validation of prognostic factors found in the adult studies 

is a current goal. New protocols aiming reduce treatment 

intensity in select children group (and consequently 

decreased the late effects chances) is another objective in 

pediatric oncology. The association of molecularly 

targeted therapies, for instance focusing on 

microenvironment specific targets [131], with traditional 

chemotherapy would help to achieve this objective without 

losing efficiency. 

 

 

 

 

 

REFERENCES 

 

1. Poppema S, Delsol G, Pileri SA, Stein H, 

Swerdlow SH, Warnke RA, et al. Hodgkin 

lymphoma. In Swerdlow SH, Campo E, Harris 

NL, Jaffe ES, Pileri SA, Stein H et al, editors. 

World Health Organization Classification of 

Tumors. Pathology and Genetics of Tumours of 

Hematopoietic and Lymphoid Tissues. Lyon: 

IARC Press; 2008. p 321-334. 

2. Horner MJ, Ries LAG, Krapcho M, Neyman N, 

Aminou R, Howlader N, et al. SEER Cancer 

Statistics Review, 1975-2006, National Cancer 

Institute. Bethesda, MD, 

http://seer.cancer.gov/csr/1975_2006/, based on 

November 2008 SEER data submission, posted to 

the SEER web site, 2009. 

3. DeVita VT Jr, Hubbard SM. Hodgkin's disease. N 

Engl J Med 1993; 328: 560-565.  

4. Hodgson DC. Hodgkin Lymphoma: the follow-up 

of long-term survivors. Hematol Oncol Clin N 

Am. 2008; 22: 233-224. 

5. Smith M, Arthur D, Camitta B, Carroll AJ, Crist 

W, Gaynon P, et al. Uniform approach to risk 

classification and treatment assignment for 

children with acute lymphoblastic leukemia. J 

Clin Oncol 1996;14:18-24. 

6. Grosfeld JL. Risk-based management: current 

concepts of treating malignant solid tumors of 

childhood. J Am Coll Surg 1999; 189:407-25. 

7. Montalbán C, García JF, Abraira V, González-

Camacho L, Morente MM, Bello JL,et al. 

Influence of biologic markers on the outcome of 

Hodgkin's lymphoma: a study by the Spanish 

Hodgkin's Lymphoma Study Group. J Clin Oncol 

2004; 22:1664-73 

8. Ambinder RF. Epstein-Barr virus and Hodgkin 

lymphoma. Hematology Am Soc Hematol Educ 

Program 2007:204-209. 

9. Baumforth KR, Birgersdotter A, Reynolds GM, 

Wei W, Kapatai G, Flavell JR, et al. Expression 

of the Epstein-Barr virus-encoded Epstein-Barr 

virus nuclear antigen 1 in Hodgkin's lymphoma 

cells mediates up-regulation of CCL20 and the 

migration of regulatory T cells. Am J Pathol 

2008; 173:195-204. 

10. Chetaille B, Bertucci F, Finetti P, Esterni B, 

Stamatoullas A, Picquenot JM, et al. Molecular 

profiling of classical Hodgkin's lymphoma tissues 

uncovers variations in the tumor 

microenvironment and correlations with EBV 

infection and outcome. Blood. 2009 19;113:2765-

3775. 

11. MacLennan KA, Bennett MH, Tu A, Hudson BV, 

Easterling MJ, Hudson GV, et al. Relationship of 

histopathologic features to survival and relapse in 

nodular sclerosing Hodgkin´s disease: a study of 

1659 patients. Cancer 1989; 64:1686-1693. 

12. Burger JA, Ghia P, Rosenwald A, Caligaris-

Cappio F. The microenvironment in mature B-cell 

malignancies: a target for new treatment 

strategies.  Blood 2009; 114:3367-3375. 

13. GL, Wood KM, Jack F, Angus B, Proctor SJ, 

Taylor PR. Hodgkin's disease in the elderly: a 

population-based study. Br J Haematol 2002; 

119:432-40. 

14. Jarrett RF, Stark GL, White J, Angus B, 

Alexander FE, Krajewski AS, et al. Impact of 

tumor Epstein-Barr virus status on presenting 

features and outcome in age-defined subgroups of 

patients with classic Hodgkin lymphoma: a 

population-based study. Blood. 2005; 106:2444-

51. 

15. Diepstra A, van Imhoff GW, Schaapveld M, 

Karim-Kos H, van den Berg A, Vellenga E, et al. 

Latent Epstein-Barr virus infection of tumor cells 

in classical Hodgkin's lymphoma predicts adverse 

outcome in older adult patients. J Clin Oncol. 

2009;27:3815-21. 

16. Oguz A, Karadeniz C, Okur FV, Citak EC, Pinarli 

FG, Bora H, et al. Prognostic factor and treatment 

outcome in childhood Hodgkin disease. Pediatr 

Blood Cancer. 2005; 45:670-675. 

17. Harris N. The many faces of Hodgkin’s disease 

around the world what have we learned from its 

pathology? Ann Oncol. 1998;9:45-56. 

18. Dinand  V, Dawar R, Arya LS, Unni R, Mohanty 

B, Singh R. Hodgkin's lymphoma in Indian 

children: prevalence and significance of Epstein-

Barr virus detection in Hodgkin's and Reed-

Sternberg cells. Eur J Cancer 2007;43:161-8. 



JPS 
 

10 

 

 J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2010;2(3);e25 

19. Chabay PA, Barros MH, Hassan R, De Matteo E, 

Rey G, Carrico MK, et al. Pediatric Hodgkin 

lymphoma in 2 South American series: a 

distinctive epidemiologic pattern and lack of 

association of Epstein-Barr virus with clinical 

outcome. J Pediatr Hematol Oncol. 2008; 30:285-

91. 

20. Yung L, Smith P, Hancock BW, Hoskin P, Gilson 

D, Vernon C, et al. Long term outcome in 

adolescents with Hodgkin's lymphoma: poor 

results using regimens designed for adults. Leuk 

Lymphoma 2004; 45:1579-85. 

21. Herbertson RA, Evans LS, Hutchinson J, 

Horsman J, Hancock BW. Poor outcome in 

adolescents with high-risk Hodgkin lymphoma. 

Int J Oncol 2008 Jul; 33:145-51. 

22. Gatta G, Capocaccia R, De Angelis R, Stiller C, 

Coebergh JW. Cancer survival in European 

adolescents and young adults. Eur J Cancer 2003; 

39:2600-10. 

23. Jones GL, Taylor PR, Windebank KP, Hoye NA, 

Lucraft H, Wood K, et al. Outcome of a risk-

related therapeutic strategy used prospectively in 

a population-based study of Hodgkin's lymphoma 

in adolescents. Br J Cancer 2007; 97:29-36. 

24. Foltz LM, Song KW, Connors JM. Hodgkin's 

lymphoma in adolescents. J Clin Oncol 

2006;24:2520-6. 

25. Eichenauer DA, Bredenfeld H, Haverkamp H, 

Müller H, Franklin J, Fuchs M, et al. Hodgkin's 

lymphoma in adolescents treated with adult 

protocols: a report from the German Hodgkin 

study group. J Clin Oncol 2009;27:6079-85. 

26. Morais A, Barros MH, Hassan R, Morais VL, 

Muniz MT. Number of involved anatomic areas 

as a risk predictor in pediatric Hodgkin's 

lymphoma: a retrospective study. J Pediatr (Rio J) 

2009;85:236-42. 

27. Barros MH, Scheliga A, De Matteo E, Minnicelli 

C, Soares FA, Zalcberg I, et al. Association 

patterns of histological features, protein 

immunoexpression, cell cycle characteristics and 

EBV status with aggressive subsets of pediatric 

Hodgkin lymphoma. 2010, Accepted. 

28. Weiner MA, Leventhal BG, Marcus R, Brecher 

M, Ternberg J, Behm FG, et al. Intensive 

chemotherapy and low-dose radiotherapy for the 

treatment of advanced-stage Hodgkin's disease in 

pediatric patients: a Pediatric Oncology Group 

study. J Clin Oncol 1991;9:1591-8. 

29. Hudson MM, Greenwald C, Thompson E, 

Wilimas J, Marina N, Fairclough D, et al. 

Efficacy and toxicity of multiagent chemotherapy 

and low-dose involved-field radiotherapy in 

children and adolescents with Hodgkin's disease. 

J Clin Oncol 1993; 11:100-8. 

30. Hunger SP, Link MP, Donaldson SS. 

ABVD/MOPP and low-dose involved-field 

radiotherapy in pediatric Hodgkin's disease: the 

Stanford experience. J Clin Oncol 1994; 12:2160-

6. 

31. Schellong G, Pötter R, Brämswig J, Wagner W, 

Prott FJ, Dörffel W, et al. High cure rates and 

reduced long-term toxicity in pediatric Hodgkin's 

disease: the German-Austrian multicenter trial 

DAL-HD-90. The German-Austrian Pediatric 

Hodgkin's Disease Study Group.  J Clin Oncol 

1999; 17:3736-44 

32. Hasenclever, D. The disappearance of prognostic 

factors in Hodgkin´s disease. Ann Oncol 

2002;13:75-78. 

33. Vassilakopoulos TP, Nadali G, Angelopoulou 

MK, Siakantaris MP, Dimopoulou MN, 

Kontopidou FN, et al. Serum interleukin-10 levels 

are an independent prognostic factor for patients 

with Hodgkin's lymphoma. Haematologica 2001; 

86:274-81.  

34. Smith RS, Chen Q, Hudson MM, Link MP, Kun 

L, Weinstein H, et al. Prognostic factors for 

children with Hodgkin's disease treated with 

combined-modality therapy. J Clin Oncol 2003; 

21:2026-33.  

35. Diehl V, Klimm B, Re D. Hodgkin lymphoma: a 

curable disease: what comes next? Eur J 

Haematol Suppl 2005; 66:6-13. 

36. Furth C, Denecke T, Steffen I, et al. Correlative 

Imaging strategies implementing CT, MRI, and 

PET for staging of childhood Hodgkin disease. J 

Pediatr Hematol Oncol 2006; 28:501-512. 

37. Kaste SC, Shulkin BL. 18F-Fluorodeoxyglucose 

PET/CT in childhood lymphomas. PET Clinics 

2006;1:265–73. 

38. Kleis M, Daldrup-Link H, Matthay K, Goldsby R, 

Lu Y, et al. Diagnostic value of PET/CT for the 

staging and restaging of pediatric tumors. Eur J 

Nucl Med Mol Imaging 2009; 36: 23-36 

39. Jerusalem G, Hustinx R, Beguin Y, Fillet G. 

Evaluation of therapy for lymphoma. Semin Nucl 

Med 2005;35:186–96. 

40. Spaepen K, Stroobants S, Dupont P, 

Vandenberghe P, Thomas J, de Groot T, et al. 

Early restaging positron emission tomography 

with (18)F-fluorodeoxyglucose predicts outcome 

in patients with aggressive non-Hodgkin’s 

lymphoma. Ann Oncol 2002;13:1356–63. 

41. Kobe C, Dietlein M, Franklin J, Markova J, Lohri 

A, Amthauer H, et al. Positron emission 

tomography has a high negative predictive value 

for progression or early relapse for patients with 



JPS 
 

11 

 

 J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2010;2(3);e25 

residual disease after first-line chemotherapy in 

advanced-stage Hodgkin lymphoma. Blood 

2008;112:3989-94. 

42. Meany HJ, Gidvani VK, Minniti CP. Utility of 

PET scans to predict disease relapse in pediatric 

patients with Hodgkin Lymphoma. Pediatr Blood 

Cancer 2007; 48: 339-402. 

43. Levine JM, Weiner M, Kelly KM: Routine use of 

PET scans after completion of Therapy in 

pediatric Hodgkin disease results in a high false 

positive rate. J Pediatr Hematol Oncol 2006; 28: 

711-714. 

44. Furth C, Steffen IG, Amthauer H, Ruf J, Misch D, 

Schonberger S, Kobe C, et al. Early and late 

therapy response assessment with 18-

Fluorodeoxyglucose positron emission 

tomography in pediatric Hodgkin Lymphoma: 

Analysis of a prospective multicenter trial. J Clin 

Oncol 2009; 27: 4385-4391 

45. Salgami EV, Efstathiou SP, Vlachakis V, Sekara 

EV, Syrigos KN, Roussou PP, et al. High 

pretreatment interleukin-10 is an independent 

predictor of poor failure-free survival in patients 

with Hodgkin's lymphoma. Haematologia 

(Budap). 2002; 32:377-87. 

46. Rautert R, Schinköthe T, Franklin J, Weihrauch 

M, Boll B, Pogge E, et al. Elevated pretreatment 

interleukin-10 serum level is an International 

Prognostic Score (IPS)-independent risk factor for 

early treatment failure in advanced stage Hodgkin 

lymphoma. Leuk Lymphoma 2008; 49:2091-8. 

47. Couper KN, Blount DG, Riley EM. IL-10: the 

master regulator of immunity to infection. J 

Immunol 2008;180:5771-7. 

48. Diehl V. Hodgkin´s Disease, from pathology 

specimen to cure. N Eng J Med 2007; 357: 1968-

1971B. 

49. Hoskin PJ, Lowry L, Horwich A, Jack A, Mead 

B, Hancock BW, Smith P, Qian W, Patrick P et 

al. Randomized comparison of the Stanford V 

regimen and ABVD in the treatment of advanced 

Hodgkin´s Lymphoma: United Kingdom National 

Cancer Research Institute Lymphoma Group 

Study ISRCTN 64141244. J Clin Oncol 2009; 

27(32):5390-5396. 

50. Gianni, AM, Rambaldi A, Zinzani P, et al: 

Comaprable 3-year outcome following ABVD or 

BEACOPP first-line chemotherapy, plus 

preplanned high-dose salvage, in advanced 

Hodgkin lymphoma (HL): A randomized trial of 

the Michelangelo, GITIL and cooperative groups. 

J Clin Oncol 2008; 26:15s (suppl; abstr 8506). 

51. Frederico, M, Luminari S, lannitto E, et al: 

ABVD compared with BEACOPP compared with 

CEC for the initial treatment of patients with 

advanced Hodgkin’s lymphoma: Results from the 

HD2000 Gruppo Italiano per lo Studio dei 

Linfomi Trial. J Clin Oncol 2009; 27:805-811. 

52. Straus, DJ, Portlock CS, qin J, Myers J, Zelenetz 

AD, Moskowitz C et al. Results of a prospective 

randomized clinical trial of doxorubicin, 

bleomycin, vinblastine, and dacabarzine (ABVD) 

followed by radiation therapy (RT) versus ABVD 

alone for stages I,II and IIA nonbulk Hodgkin 

disease. Blood 2004; 104: 3483-3489. 

53. Meyer, RM, Gospodarowicz MK, Connors JM, 

Pearcey RG, Bezjak A, Wells WA et al. 

Randomized comparison of ABVD chemotherapy 

with a strategy that includes radiation therapy in 

patients with limited-stage Hodgkin’s lymphoma: 

National Cancer Institute of Canada Clinical 

Trials Group and the Eastern Cooperative 

Oncology Group. J Clin Oncol 2005; 23:4634-

4642. 

54. Gospodarowicz, MK, Meyer RM. The 

management of patients with limited-stage 

classical Hodgkin lymphoma. Hematology Am 

Soc Hematol Educ Program 2006:253-258. 

55. Bonadonna G, Bonfante V, Viviani S, et al: 

ABVD plus subtotal nodal versus involved-field 

radiotherapy in early-stage Hodgkin’s disease: 

Longterm results. J Clin Oncol 2004, 22:2835-

2841. 

56. Ferné C, Eghbali H, Meerwaldt JH, et al: 

Chemotherapy plus involved-field radiation in 

early-stage Hodgkin’s disease. N Engl J Med 

2007, 8:357:1916-1927. 

57. Girinsky T, van der Maazen R, Specht L, et al: 

involved-node radiotherapy (INRT) in patients 

with early Hodgkin lymphoma: Concepts and 

guidelines. Radiother Oncol 2006, 79:270-277. 

58. Shahidi M, Kamangari N, Ashley S, et al: Site of 

relapse after chemotherapy alone for stage I and Il 

Hodgkin’s disease. Radiother Oncol 2006, 78:1-5. 

59. Campbell, Nick Voss, Tom Pickles, James 

Morris, Randy D. Gascoyne, Kerry J. Savage and 

Joseph M. Connors, 2008. 

60. Bennett MH, MacLennan KA, Easterling MJ, 

Vaughan Hudson B, Jelliffe AM, Vaughan 

Hudson G. The prognostic significance of cellular 

subtypes in nodular sclerosing Hodgkin's disease: 

an analysis of 271 non-laparotomised cases 

(BNLI report no. 22). Clin Radiol. 1983 ;34:497-

501. 

61. Van Spronsen DJ, Vrints LW, Hofstra G, 

Crommelin MA, Coebergh JW, Breed WP. 

Disappearance of prognostic significance of 

histopathological grading nodular sclerosing 

Hodgkin´s disease for unselected patients, 1972-

92. Br J Haematol 1997; 96:322-327. 



JPS 
 

12 

 

 J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2010;2(3);e25 

62. von Wasielewski S, Franklin J, Fischer R, Hübner 

K, Hansmann ML, Diehl V, et al. Nodular 

sclerosing Hodgkin disease: new grading predicts 

prognosis in intermediate and advanced stages. 

Blood 2003; 101:4063-4069. 

63. Küppers R, Bräuninger A. Reprogramming of the 

tumour B-cell phenotype in Hodgkin lymphoma. 

Trends Immunol 2006; 27:203-5. 

64. von Wasielewski R, Mengel M, Fischer R, 

Hansmann ML, Hübner K, Franklin J, et al. 

Classical Hodgkin's disease. Clinical impact of 

the immunophenotype. Am J Pathol 

1997;151:1123-30. 

65. Rassidakis GZ, Medeiros LJ, Viviani S, Bonfante 

V, Nadali GP, Vassilakopoulos TP, et al. CD20 

expression in Hodgkin and Reed-Sternberg cells 

of classical Hodgkin's disease: associations with 

presenting features and clinical outcome. J Clin 

Oncol 2002;20:1278-87. 

66. Tzankov A, Krugmann J, Fend F, Fischhofer M, 

Greil R, Dirnhofer S. Prognostic significance of 

CD20 expression in classical Hodgkin lymphoma: 

a clinicopathological study of 119 cases. Clin 

Cancer Res 2003;9:1381-6. 

67. Barros MH, Zalcberg IR, Hassan R. Prognostic 

impact of CD15 expression and proliferative 

index in the outcome of children with classical 

Hodgkin lymphoma. Pediatr Blood Cancer 

2008;50:428-9. 

68. Dinand V, Malik A, Unni R, Arya LS, Pandey 

RM, Dawar R. Proliferative index and CD15 

expression in pediatric classical Hodgkin 

lymphoma. Pediatr Blood Cancer 2008;50:280-3. 

69. Petrella T, Michiels JF, Michiels R, Collin F, 

Nabholtz JM, Friedman S, et al. CD 15 antigen in 

Hodgkin's disease. Pathol Res Pract 

1989;185:886-90. 

70. Ohama-Malka O, Benharroch D, Isakov N, 

Prinsloo I, Shubinsky G, Sacks M, et al. Selectins 

and anti-CD15 (Lewis x/a) antibodies transmit 

activation signals in Hodgkin’s lymphoma-

derived cell lines. Exp Hematol 2003;31:1057–

1065. 

71. de Marcarel I, Trojani M, Eghabali H, Coindre 

JM, Bonichon F. Prognostic value of phenotyping 

by Ber-H2, Leu-M1,EMAin Hodgkin’s disease. 

Arch Pathol Lab Med 1990;114:953–955. 

72. Enblad G, Sundstro¨m C, Glimelius B. 

Immunohistochemical characteristics of Hodgkin 

and Reed-Sternberg cells in relation to age and 

clinical outcome. Histopathology 1993;22:535–

541 

73. Morente MM, Piris MA, Abraira V, Acevedo A, 

Aguilera B, Bellas C, et al. Adverse clinical 

outcome in Hodgkin's disease is associated with 

loss of retinoblastoma protein expression, high 

Ki67 proliferation index, and absence of Epstein-

Barr virus-latent membrane protein 1 expression. 

Blood 1997;90:2429-36. 

74. Bargou RC, Emmerich F, Krappmann D, 

Bommert K, Mapara MY, Arnold W, et al. 

Constitutive nuclear factor-kappaB-RelA 

activation is required for proliferation and 

survival of Hodgkin's disease tumor cells. J Clin 

Invest 1997;100:2961-9. 

75. Sup SJ, Alemañy CA, Pohlman B, Elson P, Malhi 

S, Thakkar S, et al. Expression of bcl-2 in 

classical Hodgkin's lymphoma: an independent 

predictor of poor outcome. J Clin Oncol 

2005;23:3773-9. 

76. Sánchez-Aguilera  A, Montalbán C, de la Cueva 

P, Sánchez-Verde L, Morente MM, García-Cosío 

M, et al. Tumor microenvironment and mitotic 

checkpoint are key factors in the outcome of 

classic Hodgkin lymphoma. Blood 2006; 

108:662-8. 

77. Smolewski P, Robak T, Krykowski E, Blasiñska-

Morawiec M, Niewiadomska H, Pluzanska A, et 

al. Prognostic factors in Hodgkin's disease: 

multivariate analysis of 327 patients from a single 

institution. Clin Cancer Res 2000; 6:1150-1160. 

78. Tsujimoto Y, Croce CM. Analysis of the 

structure, transcripts, and protein products of bcl-

2, the gene involved in human follicular 

lymphoma. Proc Natl Acad Sci U S A 

1986;83:5214-8. 

79. Chabay P, Pesce P, De Matteo E, Lombardi MG, 

Rey G, Preciado MV. No influence of bcl-2, p53 

and p21waf1 protein expression on the outcome 

of pediatric Hodgkin lymphomas. J Pediatr 

Hematol Oncol 2006; 28:552-558. 

80. Guimaraes DP, Hainaut P. TP53: a key gene in 

human cancer. Biochimie 2002;84:83-93. 

81. Villuendas R, Piris MA, Algara P, Sánchez-Beato 

M, Sánchez-Verde L, Martinez JC, et al. The 

expression of p53 protein in non-Hodgkin's 

lymphomas is not always dependent on p53 gene 

mutations. Blood. 1993; 82:3151-6. 

82. Adamson DJ, Thompson WD, Dawson AA, 

Bennett B, Haites NE. p53 mutation and 

expression in lymphoma. Br J Cancer 1995; 

72:150-4. 

83. Montesinos-Rongen M, Roers A, Küppers R, 

Rajewsky K, Hansmann ML. Mutation of the p53 

gene is not a typical feature of Hodgkin and 

Reed-Sternberg cells in Hodgkin's disease. Blood 

1999;94:1755-60. 

84. Bai M, Papoudou-Bai A, Kitsoulis P, 

Horianopoulos N, Kamina S, Agnantis NJ, et al. 



JPS 
 

13 

 

 J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2010;2(3);e25 

Cell cycle and apoptosis deregulation in classical 

Hodgkin lymphomas. In Vivo 2005; 19:439-53. 

85. Elenitoba-Johnson KS, Medeiros LJ, Khorsand J, 

King TC. P53 expression in Reed-Sternberg cells 

does not correlate with gene mutations in 

Hodgkin's disease. Am J Clin Pathol 

1996;106:728-38. 

86. Mansukhani MM, Osborne BM, Zhong J, 

Matsushima AY. The pattern of p53 and 

p21WAF1/CIP1 immunoreactivity in non-

Hodgkin's lymphomas predicts p53 gene status. 

Diagn Mol Pathol 1997;6:222-8. 

87. Maggio E, van den Berg A, Diepstra A. 

Chemokines, cytokines and their receptors in 

Hodgkin's lymphoma cell lines and tissues. Ann 

Oncol. 2002; Suppl 1:52-6. 

88. Aktaş S, Kargi A, Olgun N, Diniz G, Erbay A, 

Vergin C. Prognostic significance of cell 

proliferation and apoptosis-regulating proteins in 

Epstein-Barr virus positive and negative pediatric 

Hodgkin lymphoma. Lymphat Res Biol 

2007;5:175-82. 

89. Chilosi M, Doglioni C, Magalini A, Inghirami G, 

Krampera M, Nadali G, et al. p21/WAF1 cyclin-

kinase inhibitor expression in non-Hodgkin´s 

lymphomas: a potential marker of p53 tumor-

suppressor gene function. Blood 1996; 88: 4012-

4020. 

90. García JF, Camacho FI, Morente M, Fraga M, 

Montalbán C, Alvaro T, et al. Hodgkin and Reed-

Sternberg cells harbor alterations in the major 

tumor suppressor pathways and cell-cycle 

checkpoints: analyses using tissue microarrays. 

Blood 2003 15; 101: 681-689. 

91. Jakovic LR, Mihaljevic BS, Jovanovic MD, 

Bogdanovic AD, Martinovic VM, Kravic TK, et 

al. The expression of Ki-67 and Bcl-2 in 

Hodgkin's lymphoma: correlation with the 

International Prognostic Score and bulky disease: 

a study by the Serbian Lymphoma Study Group 

(SLG). Med Oncol 2007; 24: 45-53. 

92. Valsami S, Pappa V, Rontogianni D, Kontsioti F, 

Papageorgiou E, Dervenoulas J, et al. A 

clinicopathological study of B-cell differentiation 

markers and transcription factors in classical 

Hodgkin's lymphoma: a potential prognostic role 

of MUM1/IRF4. Haematologica 2007; 92: 1343-

1350. 

93. Tiemann M, Claviez A, Lüders H, Zimmermann 

M, Schellong G, Dörffel W, et al. Proliferation 

characteristics in pediatric Hodgkin's lymphoma 

point to a cell cycle arrest in the G(1) phase. Mod 

Pathol 2005; 18: 1440-1447. 

94. Marshall NA, Christie LE, Munro LR, Culligan 

DJ, Johnston PW, Barker RN, et al. 

Immunosuppressive regulatory T cells are 

abundant in the reactive lymphocytes of Hodgkin 

lymphoma. Blood. 2004; 103:1755-62. 

95. Alvaro T, Lejeune M, García JF, et al. Tumor-

infiltrated immune response correlates with 

alterations in the apoptotic and cell cycle 

pathways in Hodgkin and Reed-Sternberg cells. 

Clin Cancer Res. 2008;14:685-91. 

96. Oudejans JJ, Jiwa NM, Kummer JA, et al. 

Activated cytotoxic T cells as prognostic marker 

in Hodgkin's disease. Blood. 1997;89:1376-82. 

97. Baur AS, Meugé-Moraw C, Michel G, et al. 

Prognostic value of follicular dendritic cells in 

nodular sclerosing Hodgkin's disease. 

Histopathology. 1998;32:512-20. 

98. Alvaro-Naranjo T, Lejeune M, Salvadó-Usach 

MT. Tumor-infiltrating cells as a prognostic 

factor in Hodgkin's lymphoma: a quantitative 

tissue microarray study in a large retrospective 

cohort of 267 patients. Leuk Lymphoma. 

2005;46:1581-91. 

99. Bosch Príncep R, Lejeune M, Salvadó Usach MT, 

et al. Decreased number of granzyme B+ 

activated CD8+ cytotoxic T lymphocytes in the 

inflammatory background of HIV-associated 

Hodgkin's lymphoma. Ann Hematol. 

2005;84:661-6. 

100. Schreck S, Friebel D, Buettner M, Distel L, 

Grabenbauer G, Young LS et al. Prognostic 

impact of tumour-infiltrating Th2 and regulatory 

T cells in classical Hodgkin lymphoma. Hematol 

Oncol. 2009 Mar;27(1):31-9. 

101. Küppers R. The biology of Hodgkin´s lymphoma. 

Nat Rev Cancer. 2009. 9:15-27 

102. Poppema S, van den Berg A. Interaction between 

host T cells and Reed-Sternberg cells in Hodgkin 

lymphomas. Semin Cancer Biol. 2000;10:345-50. 

103. Piccirillo CA, Shevach EM. Cutting edge: control 

of CD8+ T cell activation by CD4+CD25+ 

immunoregulatory cells. J Immunol. 200; 

167:1137-40. 

104. Wolf AM, Wolf D, Steurer M, et al. Increase of 

regulatory T cells in the peripheral blood of 

cancer patients. Clin Cancer Res. 2003;9:606-12. 

105. Alvaro T, Lejeune M, Salvadó MT, et al. 

Outcome in Hodgkin's lymphoma can be 

predicted from the presence of accompanying 

cytotoxic and regulatory T cells. Clin Cancer Res. 

2005; 11:1467-73. 

106. Beyer M, Schultze JL. Regulatory T cells in 

cancer. Blood. 2006;108:804-11. 

107. Tzankov A, Meier C, Hirschmann P, et al. 

Correlation of high numbers of intratumoral 

FOXP3+ regulatory T cells with improved 

survival in germinal center-like diffuse large B-



JPS 
 

14 

 

 J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2010;2(3);e25 

cell lymphoma, follicular lymphoma and classical 

Hodgkin's lymphoma. Haematologica. 

2008;93:193-200. 

108. Hori S, Nomura T, Sakaguchi S. Control of 

regulatory T cell development by the transcription 

factor Foxp3. Science. 2003;299:1057-61. 

109. Morgan ME, van Bilsen JH, Bakker AM, et al. 

Expression of FOXP3 mRNA is not confined to 

CD4+CD25+ T regulatory cells in humans. Hum 

Immunol. 2005;66:13-20. 

110. Walker MR, Kasprowicz DJ, Gersuk VH, et al. 

Induction of FoxP3 and acquisition of T 

regulatory activity by stimulated human 

CD4+CD25- T cells. J Clin Invest. 

2003;112:1437-43. 

111. Allan SE, Passerini L, Bacchetta R, et al. The role 

of 2 FOXP3 isoforms in the generation of human 

CD4+ Tregs. J Clin Invest. 2005; 115:3276-84. 

112. Moore KW, de Waal Malefyt R, Coffman RL, 

O'Garra A. Interleukin-10 and the interleukin-10 

receptor. Annu Rev Immunol 2001; 19: 683-765. 

113. International Agency for Research on Cancer. 

1997. IARC monographs on the evaluation of 

carcinogenic risks to humans, Vol. 70. Epstein-

Barr virus and Kaposi's sarcoma 

herpesvirus/human herpesvirus 8. Lyon: 

International Agency for Research on 

Cancer//World Health Organization, p. 47-373. 

114. Glaser SL, Lin RJ, Stewart SL, Ambinder RF, 

Jarrett RF, Brousset P, et al. Epstein-Barr virus-

associated Hodgkin's disease: epidemiologic 

characteristics in international data. Int J Cancer 

1997; 70: 375-382. 

115. Rickinson AB; Kieff E. Epstein-Barr Virus. In 

Knipe DM; Howley PM, editors. Fields Virology. 

Lippincott Williams & Wilkins; 2007. p 2655-

2700. 

116. Mancao C, Altmann M, Jungnickel B, 

Hammerschmidt W. Rescue of "crippled" 

germinal center B cells from apoptosis by 

Epstein-Barr virus. Blood 2005; 106:4339-44. 

117. Bechtel D, Kurth J, Unkel C, Küppers R. 

Transformation of BCR-deficient germinal-center 

B cells by EBV supports a major role of the virus 

in the pathogenesis of Hodgkin and 

posttransplantation lymphomas. Blood 

2005;106:4345-50. 

118. Armstrong AA, Alexander FE, Cartwright R, 

Angus B, Krajewski AS, Wright DH, et al. 

Epstein-Barr virus and Hodgkin’s disease: further 

evidence for the three disease hypothesis. 

Leukemia. 1998;12:1272–1276. 

119. Braüninger A, Schmitz R, Bechtel D, Hansmann 

ML, Küppers R. Molecular biology of Hodgkin’s 

and Reed/Sternberg cells in Hodgkin’s 

lymphoma. Int J Cancer. 2006;118:1853–1861. 

120. Küppers R. B cells under influence: 

transformation of B cells by Epstein Barr virus. 

Nat Rev Immunol. 2003;3:801–812. 

121. Murray PG, Billingham LJ, Hassan HT, Flavell 

JR, Nelson PN, Scott K, et al. Effect of Epstein-

Barr virus infection on response to chemotherapy 

and survival in Hodgkin's disease. Blood 

1999;94:442-7. 

122. Naresh KN, Johnson J, Srinivas V, Soman CS, 

Saikia T, Advani SH, et al. Epstein-Barr virus 

association in classical Hodgkin's disease 

provides survival advantage to patients and 

correlates with higher expression of proliferation 

markers in Reed-Sternberg cells. Ann Oncol. 

2000 Jan;11:91-6. 

123. Herling M, Rassidakis GZ, Medeiros LJ, 

Vassilakopoulos TP, Kliche KO, Nadali G, et al. 

Expression of Epstein-Barr virus latent membrane 

protein-1 in Hodgkin and Reed-Sternberg cells of 

classical Hodgkin's lymphoma: associations with 

presenting features, serum interleukin 10 levels, 

and clinical outcome. Clin Cancer Res 

2003;9:2114-20. 

124. Keresztes K, Miltenyi Z, Bessenyei B, Beck Z, 

Szollosi Z, Nemes Z, et al. Association between 

the Epstein-Barr virus and Hodgkin's lymphoma 

in the North-Eastern part of Hungary: effects on 

therapy and survival. Acta Haematol 

2006;116:101-7. 

125. Kwon JM, Park YH, Kang JH, Kim K, Ko YH, 

Ryoo BY, et al. The effect of Epstein-Barr virus 

status on clinical outcome in Hodgkin's 

lymphoma. Ann Hematol. 2006; 85:463-8. 

126. Engel M, Essop M, Close P, Hartley P, Pallesen 

G, Sinclair-Smith C. Improved prognosis of 

Epstein-Barr virus associated childhood 

Hodgkin’s lymphoma: study of 47 South African 

cases. J Clin Pathol. 2000; 53:182–186. 

127. Keegan T, Glaser S, Clarke C, Gulley ML, Craig 

FE, Digiuseppe JA, et al. Epstein Barr virus as a 

marker of survival after Hodgkin’s lymphoma: a 

population based study. J Clin Oncol 

2005;23:7604–7613. 

128. Claviez A, Tiemann M, Lüders H, Krams M, 

Parwaresch R, Schellong G, et al. Impact of latent 

Epstein-Barr virus infection on outcome in 

children and adolescents with Hodgkin's 

lymphoma. J Clin Oncol 2005;23:4048-56. 

129. Hasenclever D, Diehl V. A prognostic score for 

advanced Hodgkin´s disease. N Engl J Med 1998; 

339: 1506-1514 

130. Hodgson DC, Hudson MM, Constine LS. 

Pediatric Hodgkin lymphoma: maximizing 



JPS 
 

15 

 

 J o u r n a l  o f  P e d i a t r i c  S c i e n c e s  
 

2010;2(3);e25 

efficacy and minimizing toxicity. Semin Radiat 

Oncol 2007; 17:230-242. 

131. Koenecke C, Ukena SN, Ganser A, Franzke A. 

Regulatory T cells as therapeutic target in Hodgkin's 

lymphoma. Expert Opin Ther Targets 2008;12:769-82. 

 


