0021-7557/09/85-03/236
Jornal de Pediatria

Copyright © 2009 by Sociedade Brasileira de Pediatria ORIGINAL ARTICLE

Number of involved anatomic areas as a risk predictor
in pediatric Hodgkin’s lymphoma: a retrospective study
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Abstract

Objective: To determine if the number of involved anatomic areas can modify the standard risk groups in pediatric
Hodgkin’s lymphoma, identifying children who would benefit from a reduction in treatment intensity.

Methods: Retrospective study evaluating age, sex, histology, Ann-Arbor stage, presence of B symptoms, number
of involved anatomic areas, risk grouping (favorable vs. unfavorable), and laboratory exams. All patients received
doxorubicin-containing chemotherapy. Patients in complete remission for 5 years or longer were evaluated as for
late effects.

Results: Sixty-nine patients (2-18 years) were included, 68% belonged to the unfavorable risk group. Overall
survival and event-free survival were 94 and 87%, respectively. Late effects were screened in 46 cases. Advanced
stage and = four involved anatomic areas had negative impact on event-free survival, while only the number of
involved anatomic areas retained statistical significance when using Cox analysis (hazard ratio = 6.4, 95%CI =
1.08-38.33; p = 0.04). Risk groups were adjusted by number of involved anatomic areas (< four/= four involved
anatomic areas), with a significant reallocation of patients (p = 0.008). Of the 30 patients with late effects, 21 were
in the original unfavorable risk group and 14 (66.6%) could have been reallocated to the favorable risk group based
on the number of involved anatomic areas.

Conclusion: If re-stratification had been applied, a considerable number of children would have received less
intensive treatment and, consequently, could have had lower chances of late effects. A prospective study could define
if adjustment of risk group by number of involved anatomic areas would have any impact on survival rates.
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Introduction

Hodgkin’s lymphoma (HL) is a disease typically affecting
children and young adults, with more than 80% of patients
being cured.! The other side of this high cure rate is that
a fraction of patients will receive excessive antineoplastic
radiochemotherapy resulting in the well-recognized late
effects of HL treatment.2-6 Current clinical and radiological
characteristics used for risk stratification in most treatment

centers lead to mistaken stratification in almost one third of
patients.” Prognostic factors in HL are, mostly, crude direct
measures of tumor burden and activity (stage, number
of involved lymph nodes, bulky disease, B symptoms) or
indirect surrogate measures of tumor burden and activity
based on laboratory parameters (hemoglobin, s-albumin
levels).8:2 Clinical characteristics at presentation,10.11 as
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well as protein immunoexpressioni0.12-14 and Epstein-Barr
virus (EBV) association,15-17 have also been identified as
prognostic factors in several studies.

However, when sufficiently intensive treatment for
advanced stages is employed, adverse prognostic factors
tend to disappear.® Thus, the identification of clinical and
biological factors that allow discrimination of patients who
may undergo a reduction in treatment intensity is a current
goal to reduce late effects in HL.

The objective of this single-center study was to identify
pretreatment characteristics that could be useful for
adjustment of risk stratification in children with HL.

Materials and methods
Patients

Sixty-nine patients up to 18 years old diagnosed
with HL in the Pediatric Oncology Center (Centro de
Oncohematologia Pediatrico, CEONHPE) of Oswaldo Cruz
University Hospital, Recife, state of Pernambuco, Brazil,
between March 1980 and January 2006 were included
in this study. Inclusion was based on the availability of
formalin-fixed paraffin-embedded HL tissue and complete
clinical data for retrospective analysis. This study was
approved by the Institutional Ethics Board.

Histopathology

HL diagnosis was reviewed according to the morphological
criteria of the World Health Organization classification!8 and
confirmed by immunohistochemical staining, using CD30
(clone Ki-1, dilution, 1:40), CD15 (clone C3D-1, 1:50) and
CD20 (clone L-26, 1:1000, Dako, Glostrup, Denmark).

Staging and laboratory evaluation

All patients were assessed before starting therapy by
means of clinical history, complete physical examination,
blood counts and biochemical profile, chest x-ray films,
computed tomography of chest and abdomen and unilateral
bone marrow biopsy. Staging followed the Ann-Arbor
classification system.1® B symptoms were characterized by
fever > 38 OC for at least 3 consecutive days, night sweats
and loss of weight. Disease risk was classified as favorable (I,
IIA, ITIA) or unfavorable (IIB, IIIB, IV). Anemia was defined
as hemoglobin < 13 g/dL (< 11.5 g/dL for female patients
in reproductive age). Lactate dehydrogenase (LDH) and
erythrocyte sedimentation rate (ESR) were considered high
when higher than 500 IU/L and 40 mm/h, respectively.

Treatment

All patients received doxorubicin-containing
chemotherapy. Alternating Adriamycin™, bleomycin,
vinblastine and dacarbazine/vincristine, procarbazine,
prednisone and Adriamycin™ (ABVD/OPPA) were

Jornal de Pediatria - Vol. 85, No. 3, 2009 237

administered to 33 children (47.8%) until 1996 and ABVD
alone, to 36 children (52.2%) after 1996, respectively.20.21
Children in the favorable risk group were treated with three
cycles of chemotherapy, while those in the unfavorable
risk group received six cycles. Low-dose involved-field
radiotherapy was administered to all patients, except for one
patient with stage IA, at the end of chemotherapy protocol
(15 Gy for patients that achieved complete response and
25 Gy for those with bulky disease at presentation or local
residual disease at the end of chemotherapy).

Variables analyzed as potential prognostic factors

Pretreatment variables were: age, sex, histology,
Ann-Arbor stage, presence of B symptoms, number of
involved anatomic areas (IAA), risk grouping (favorable
vs. unfavorable), LDH level, ESR and anemia. Albumin
level, white blood cell counts and biochemical profile were
unavailable for more than 10% of the patients; therefore,
these data were not analyzed as prognostic factors.

The following sites were taken into account for the
calculation of the number of IAA: Waldeyer’s ring, cervical
and/orsupraclavicular lymph nodes (right or left, separately),
axillary and/or infraclavicular lymph nodes (right or left
separately), epitrochlear nodes (right or left, separately),
mediastinal plus hilar lymph nodes (one site), para-aortic
and/or retrocrural lymph nodes (one site), porta hepatis
lymph nodes (one site), mesenteric (one site), iliac and/or
inguinal/femoral lymph nodes (right or left, separately),
spleen and splenic hilar lymph nodes (one site). Each
extranodal site was considered separately. Each lung was
also considered as a separate site. In the case of multiple
bone lesions, bone was considered as one involved site.

Late effect evaluation

Patients in complete remission for 5 years or more were
recalled by the Cured Evaluation Program at the CEONHPE.
Late effect screening consisted of hematological and hormone
analyses, fertility tests, cardiac evaluation by annual
electrocardiogram and echocardiogram until the end of
growth, pulmonary function tests, audiometry, renal function
tests and psychological evaluation, as described.3

Statistical analysis

Associations between categorical variables were
tested using two-tailed Pearson’s chi-square and Fisher’s
exact tests. Significance was set at p < 0.05. Event-free
survival (EFS) was estimated as the interval (in months)
from diagnosis to relapse or death by any cause or,
alternatively, to the last follow-up. Overall survival (OS)
refers to the lapse (in months) from diagnosis to death
or last follow-up. Survival distributions were estimated
according to the Kaplan-Meier method,?2 and differences
were assessed by the log-rank test. Multivariate analysis
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using Cox proportional hazard regression23 was performed
to determine the independent prognosticfactors influencing
EFS. Data were analyzed with SPSS v.13.0.

Results

Clinical and demographic characteristics at
presentation

Of the 69 patients included in this study, 49 (71%)
were male (M:F 2.45:1). Ages ranged from 2 to 18 years
(median 11 years), with 56.5% (39/69) of patients in the
>10 years group. Most of the patients had disease stage 1
orII (36/69, 52.1%). B symptoms were observed in 47/69
(68.1%) cases. The analysis by risk group showed that
22/69 patients were (31.9%) in the favorable and 47/69
(68.1%) inthe unfavorable risk group. Nodular sclerosis was
the most common histological subtype (51/69 cases, 74%),
followed by mixed cellularity (17/69, 24.6%). Hemoglobin
levels were evaluated in 59 children, varying from 7.4 to
16 g/dL (median 11.3). Anemia was observed in 23 patients
(33.3%) (Table 1).

The number of IAA varied from one to eight (median two).
When the group was classified according to the number of
IAA (< four or = four IAA), 17 children (24.6%) showed =
four IAA, while 52 (75.4%) showed < four IAA. A number
of = four IAA showed association with stages III/IV (16/17,
94%, p = 0.0001), B symptoms (16/17, 94%, p = 0.008),
unfavorable risk group (16/17, 94%, p = 0.0001), and
anemia (10/15, 66.6%, p = 0.01). In multivariate analysis,
the number of IAA was associated only with stage (95%CI
-0.5to -0.1, p = 0.0005).

Treatment response and survival analysis

Sixty patients (87%) finished the treatment and did
not relapse, while six patients (8.7%) relapsed after the
end of treatment and three (4.3%) during the first-line
treatment. Sixty-five patients are alive and in complete
response (94.2%), three (4.3%) died because of HL
progression and one died of a chondrosarcoma secondary
to HL treatment. The median length of follow-up was 82
months (12-332 months); the shortest follow-up (12 m)
involved a patient who died of disease progression. The OS
and EFS rates for the whole group were 94.2 and 87%,
respectively (Figure 1).

Since both protocols used in the treatment of the patients
(ABVD/OPPA and ABVD) are considered equivalent in their
ability to induce complete response?0:2! and no differences
either in survival (p = 0.6) or in demographic and clinical
characteristics (data not shown) were observed between
the two groups, all patients were included in the survival
analyses. Children with stage IV showed the worst EFS
when compared to children with other stages (40 vs. 100,
89.7 and 89.3% for stages I, II and III, respectively;

Adjustment of risk in pediatric Hodgkin’s lymphoma - Morais A et al.

p = 0.002). The number of IAA showed a strong effect on
EFS; 64.7% in children with > four IAA compared with 94.2%
in patients with < four IAA (p = 0.0001); while anemia
showed a borderline effect (78.3 vs. 94.4% in children
without anemia; p = 0.06). Sex, age group, risk group, B
symptoms, LDH levels, ESR and histological subtypes had
no significant effects on EFS (Table 1). Stage IV (60%,
p = 0.001), anemia (87 vs. 100% in nonanemic patients;
p = 0.03) and = four IAA (82.4 vs. 98.1% in < four IAA;
p = 0.001) significantly impacted on OS.

A Cox analysis was performed including the significant
EFS variables in univariate analyses. The number of
IAA was an independent prognostic factor (hazard ratio
[HR] 6.4, 95%CI 1.08-38.33; p = 0.04), while stage lost
significance.

The former results suggested that the number of IAA
could be used to improve the risk stratification system. Thus,
the original risk groups were adjusted by the number of
IAA: cases with unfavorable disease and < four IAA were
reclassified as “favorable disease” (except for extranodal
disease that was maintained as unfavorable), and children
with favorable disease and > four IAA were reclassified to
the unfavorable disease group. With this reallocation, only
one of the 22 patients initially in the favorable risk group
was reallocated to the adjusted unfavorable risk group;
however, of the 47 patients originally in the unfavorable
risk group, 31 (66%) were reallocated to the favorable risk
group, while 16 (34%) remained in the unfavorable risk
group (p = 0.008) (Figure 2). The adjusted risk groups were
better predictors of EFS than the original ones: 94.2 vs.
64.7% of EFS for the adjusted favorable and unfavorable
risk groups, respectively (p = 0.0005), compared with 95.5
vs. 83% of EFS (p = 0.1) for the original risk groups.

To avoid statistical bias due to the inclusion of patients
submitted to differentintensity treatments, EFS was analyzed
separately for each risk group. No differences were observed
among the patients who received low-intensity treatment:
the only relapsed patient had < four IAA and was originally in
the favorable risk group (p = 0.4). Conversely, in the group
of intensively treated patients, results were comparable to
those observed in the whole group (93.5 vs. 62.5% of EFS,
adjusted favorable and unfavorable risk groups, respectively;
p = 0.003). A Cox regression was performed in the intensive
treatment group, reinforcing the independent prognostic
impact of the adjusted risk group for unfavorable disease
(HR 6.7, 95%CI 1.07-42.1; p = 0.04).

Forty-six patients responded to recall for late effect
screening. Thirty patients (65%) exhibited some kind of late
effects, cardiotoxicity and endocrine dysfunction being the
most frequent. Four children developed a second neoplasm
(chondrosarcoma, thyroid carcinoma, rhabdomyosarcoma
and myelodysplastic syndrome, respectively) (Table 2). Most
patients with late effects were in the original unfavorable
risk group (21/30, 70%). Fourteen of the 31 children (45%)
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Table 1 -  Clinical and histological characteristics of Hodgkin’s lymphoma patients
Cases analyzed EFS Univariate
Variable n (%) % (no. events/total) analysis
Age (years)
Median (range) 11 (2-18) p=0.2
<10 30/69 (43.5) 80 (6/30)
> 10 39/69 (56.5) 92.3 (3/39)
Sex p=0.1
Male 49/69 (71) 89.8 (5/49)
Female 20/69 (29) 80 (4/20)
Anemia p = 0.06
Yes 23/59 (39) 78.3 (5/23)
No 36/59 (61) 94.4 (2/36)
LDH
Median p=0.2
Normal 30/59 (50.8) 93.3 (2/30)
High 29/50 (49.2) 86.2 (4/29)
ESR
Median (range) 59.5 (2-140) p=0.2
Normal 18/59 (30.5) 100 (0)
High 41/59 (69.5) 87.8 (5/41)
Number of anatomic areas
Median (range) 2 (1-8) p = 0.0005
<4 52/69 (75.4) 94.2 (3/52)
>4 17/69 (24.6) 64.7 (6/17)
Stage p = 0.002
I 7/69 (10.1) 100 (0)
I 29/69 (42) 89.7 (3/29)
111 28/69 (40.6) 89.3 (3/28)
v 5/69 (7.2) 40 (2/5)
B symptoms p=0.1
Yes 22/69 (31.9) 83 (8/47)
No 47/69 (68.1) 95.5 (1/22)
Risk group p=0.1
Favorable 22/69 (31.9) 95.5 (1/22)
Unfavorable 47/69 (68.1) 83 (8/47)
Histopathological diagnosis p=0.8
Nodular sclerosis 51/69 (73.9) 88.2 (6/51)
Mixed cellularity 17/69 (24.6) 82.4 (3/17)
Lymphocyte-depleted 1/69 (1.4) 100 (0)

EFS = event-free survival; ESR = erythrocyte sedimentation rate; LDH = lactate dehydrogenase.
B symptoms = fever > 38 °C for at least 3 consecutive days, night sweats and loss of weight.

reallocated from the original unfavorable risk group to the
favorable risk group based on the number of IAA exhibited
late effects (p = 0.005)

Discussion

In respect to clinical outcome, our results with a
risk-adapted, homogeneously treated group of patients
achieved survival rates comparable to those obtained in
developed countries2:524:25 and in the most developed
region of Brazil.2! The late effects were also similar to
those described in other studies that treated children
with the same protocols.1-¢ With the current risk-stratified
treatment for HL, long-term disease-free survivals (DFS)

were 85 to 100% in patients with early-stage disease, and
more than 60% in those with advanced disease.2® The
German Hodgkin Study Group showed an improvement
of survival for patients with advanced stages when more
intensive treatments were applied.* However, it is well
known that higher survival rates are accompanied by late
effects of treatment, mostly in patients treated during
childhood.5 For example, the excellent results reached in
high stages by the German Hodgkin Study Group were
associated with a higher frequency of secondary acute
myeloid leukemia/myelodysplastic syndrome.# Thus, it
is accepted that the challenge today in HL treatment
is to minimize late toxicity without compromising the
excellent survival rates.



240 Jornal de Pediatria - Vol. 85, No. 3, 2009 Adjustment of risk in pediatric Hodgkin’s lymphoma - Morais A et al.

Event free survival Event free survival
A B
104 o 00 00O o——o 1.0 1
—ﬁ Stage 01’3300-0-0
(ON]
0.8 - S 0.8 -
+ 1
— ol —
S S
< 0.6 S 0.6
= <
=] >
7] 7]
£ £
0.4 4 0.4 4
5 S =0.0001
o o P
0.2 4 0.2
Number of IAA
+ >41AA
o p =0.002 0 O <4IlAA
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Months Months
Event free survival Overall survival
Cc D
109 4+ H 1.0+ H+HH— i+
0.8 4 0.8 4
_ _ 0—©0 O p=0.001
g g
S 0.6 S 0.6 4
1y 1
=] =
7] 7]
£ £
5 044 p = 0.0005 5 044
(8] o
0.2 Adjusted risk group 0.2 Adjusted risk group
by number of IAA by number of IAA
+ Favorable risk group + Favorable risk group
04 < Unfavorable risk group 0 O Unfavorable risk group
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
Months Months

Cum = cumulative; IAA = involved anatomic areas.

Figure 1 - Survival analysis

Table 2 - Distribution of patients with late effects by risk group

Risk group™

Late effects Affected/evaluated patients (%) Favorable (%) Unfavorable (%)
Cardiotoxicity 18/37 (48.6) 4/18 (22.2) 14/18 (77.8)
Endocrine alterations 9/40 (22.5) 3/9 (33.4) 6/9 (66.6)
Bone alterations 1/40 (2.5) 1/1 (100) 0
Pulmonary toxicity 2/40 (5) 1/2 (50) 1/2 (50)
Renal toxicity 2/40 (5) 1/2 (50) 1/2 (50)
Audiologic alterations 2/40 (5) 0 2/2 (100)
Cosmetic alterations® 6/44 (13.6) 2/6 (33.3) 4/6 (66.7)
Second neoplasm 4/44 (9.1) 2/2 (50) 2/2 (50)
Total 30/46 (65.2) 9/30 (30) 21/30 (70)

* Original risk group (without number of involved anatomic sites reallocation).
t Atrophy of skin secondary to radiotherapy.
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Figure 2 - Adjusted risk groups by number of IAA

It was showed that children with more than four IAA
had a 6.4-fold increased risk of unfavorable outcome.
The results agree with those of Vassilakopoulos et al.,
who showed a significant influence of this variable in DFS
prediction in adolescents and adults with advanced-stage
disease.10 Conversely, a previous study on childhood HL
did not show a significant effect of IAA on DFS.27 The
discordance between the results of this current study and
those reported by Oguz et al.2” might be due to the fact
that the latter study only considered the number of involved
nodal sites, suggesting that the number of total involved
sites (nodal and extranodal) may be a better predictor of
prognosis in pediatric HL.

The number of IAA may be a surrogate indicator
of tumor burden, a strong adverse prognostic factor
for HL albeit a difficult variable to quantify or even
estimate.27-31 Staging is unable to predict tumor burden
with more accuracy because it does not consider the
number of affected 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 some children with
advanced-stage disease are overtreated.® The results of
this study indicate that a subgroup 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 on 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.

The limitation of this retrospective study is the absence of
early response evaluation by positron emission tomography,
a current conduct of the modern HL therapy, but not feasible
to all oncology centers from developing countries. Because
of this, studies that try to obtain the best methodology to
estimate the tumor burden and define therapeutic conducts
are still important.

The present study aimed, through a balance of risk
between treatment response and late effects in a carefully
followed cohort, to identify pretreatment factors for risk
adjustment in unfavorable disease. The number of IAA
is an easily obtainable clinical parameter that could be
potentially incorporated to stratify patients with the aim of
reducing late toxicity in pediatric HL. If re-stratification had
been applied in this study group, a considerable number
of children would have received less intensive treatment
and, consequently, could have had lower chances of late
effects. Undoubtedly, a prospective study is mandatory
to confirm if the proposed reallocation will modify the
survival rates.
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