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OBJECTIVE

To examine the treatment outcomes and prognostic factors influencing the results in patients treated for 
pediatric Hodgkin lymphoma.

METHODS

The study included 115 pediatric patients treated for Hodgkin lymphoma at our clinic between 2007 and 
2024. The patients’ demographic data, age at diagnosis, disease stage, presenting symptoms, outcome, 
complete blood count parameters, and positron emission tomography (PET) results were retrospectively 
reviewed from their medical records.

RESULTS

The mean age at diagnosis for the 115 patients included in the study was 12.3±4 years (Range: 2–18 Years). 
Of the cases, 45.2% (n=52) were female and 54.8% (n=63) were male. Among complete blood count pa-
rameters, the mean hemoglobin level was 11.16±1.6 g/dL (Range: 7–16). Anemia was more frequently 
observed in patients with advanced-stage disease (p=0.04). The frequency of B symptoms differed signifi-
cantly in patients with anemia (p=0.03). Although relapse was more frequently observed in this group, no 
statistically significant difference was found compared to the other group. Examination of PET results at 
the end of treatment revealed PET negativity in 59.1% (n=68) of patients, progressive/refractory disease 
in 7% (n=8), and partial PET response in 6.1% (n=7). During follow-up, relapse/refractory disease was 
observed in 16.5% (n=19) of patients. The mean age of patients with relapse was higher (14 vs. 11.9). In 
the relapse group, leukocyte counts were higher, hemoglobin levels were lower, and platelet counts were 
significantly higher compared to the other group. In addition, erythrocyte sedimentation rate was higher 
(p=0.039), and the frequency of B symptoms was greater (p=0.001) in this group. The mean follow-up 
period was 90±52 months (6–200), and 8.7% (n=10) of patients died during follow-up. Six patients died 
due to infection, pneumonia, or respiratory failure, and four died due to disease progression. The mean 
survival time for cases was 187.4±5 months, and the 5-year OS was 91.8 and RFS was 83.5.

CONCLUSION

Identifying low-risk patients and reducing treatment intensity will protect patients from long-term side 
effects. Infection and pulmonary toxicity are among the primary causes of decreased survival in Hod-
gkin lymphoma.
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INTRODUCTION

Pediatric lymphomas are mainly classified into Hodg-
kin lymphoma and non-Hodgkin lymphoma. Hodg-
kin lymphoma accounts for 6% of pediatric cancers 
and 40% of pediatric lymphomas.[1] These tumors are 
rare in children under the age of 5 but are more com-
mon during adolescence. They occur more frequently 
in males than in females. Patients are often diagnosed 
with abnormally enlarged lymph nodes. The most com-
mon subtype is nodular sclerosing Hodgkin lymphoma.

Hodgkin lymphoma in childhood is a disease with 
a survival rate exceeding 95%. Reducing treatment in-
tensity while maintaining survival may decrease long-
term side effects.[2] Prognostic factors can assist in 
distinguishing between low-risk and high-risk patients 
and in administering reduced-dose treatment to the 
low-risk group. In our cohort, we aimed to assess our 
treatment outcomes and the effect of prognostic fac-
tors. Poor prognostic factors in Hodgkin lymphoma 
include anemia, the presence of B symptoms, bulky 
disease, pericardial/pleural effusion, elevated erythro-
cyte sedimentation rate (ESR), leukocytosis, hypoalbu-
minemia, and male sex.[3] With the introduction of 
positron emission tomography (PET), it has been ob-
served in adults that a favorable treatment response af-
ter two cycles is the most significant factor influencing 
treatment success.[4,5] The use of PET has increased, 
although pediatric data remain limited.[6] This study 
aimed to retrospectively examine the treatment out-
comes and the effect of prognostic factors on survival 
in pediatric patients treated for Hodgkin lymphoma.

MATERIALS AND METHODS

The study was approved by the Bursa Uludağ Uni-
versity Ethics Committee (No: 2025/817/15-4, Date: 
15/09/2025) and conducted according to the Helsinki 
Declaration.

The study included 115 pediatric patients treated 
for Hodgkin lymphoma at our clinic between 2007 and 
2024. The patients’ demographic data, age at diagnosis, 
disease stage, presenting symptoms, outcome, com-
plete blood count parameters, and PET results were 
retrospectively reviewed from their medical records. 
The presence of accompanying immunological or 
rheumatological disorders was assessed in the patients’ 
medical histories. The presence of bulky disease was 
accepted in the presence of a mass >200 ml. The ABVD 
(adriamycin, bleomycin, vinblastine, and dacarbazine) 
regimen was administered as the treatment protocol.

Statistical Analysis
Statistical analyses were performed using the Statisti-
cal Package for the Social Sciences v. 28.0 (IBM Corp., 
Armonk, NY, USA). Descriptive statistics were used to 
determine patients’ demographic characteristics. Data 
were expressed as mean±standard deviation and me-
dian (minimum–maximum). Statistical significance 
was set at p<0.05. Normally distributed data were com-
pared using Student’s t-test and the chi-square test, 
while non-normally distributed data were compared 
using the Mann-Whitney U test.

RESULTS

The mean age at diagnosis for the 115 patients included 
in the study was 12.3±4 years (Range: 2–18 Years). Of the 
cases, 45.2% (n=52) were female and 54.8% (n=63) were 
male. Two patients had previously been treated for acute 
lymphoblastic leukemia before their Hodgkin lymphoma 
diagnosis. In addition, one patient was receiving intrave-
nous immunoglobulin therapy due to common variable 
immunodeficiency, and two patients were receiving col-
chicine therapy for familial Mediterranean fever.

According to disease stage, 6.1% of cases were stage 
I, 43.5% (n=50) stage II, 33% (n=38) stage III, and 17.4% 
(n=20) stage IV. Histopathological results showed that 
76.5% (n=88) of patients had the nodular sclerosing 
type, 15.7% (n=18) the mixed cellularity type, 3.5% 
(n=4) the lymphocyte-rich type, and 0.9% (n=1) the 
lymphocyte-depleted type Hodgkin lymphoma, while 
the subtype could not be determined in four patients.

The mean hemoglobin value of complete blood 
count parameters was 11.16±1.6 g/dL (Range: 7–16). 
Of the patients, 18.3% (n=21) had mild anemia, 7% 
(n=8) had moderate anemia, and 6.1% (n=7) had se-
vere anemia. The patients were divided into two groups 
based on the presence or absence of anemia, and their 
demographic data, presence of B symptoms, relapse 
status, and survival were compared (Table 1).

Anemia was more frequently observed in patients 
with advanced-stage disease (p=0.04). The frequency 
of B symptoms was significantly different in patients 
with anemia (p=0.03). Although relapse was more fre-
quently observed in this group, no statistically signifi-
cant difference was found compared to the other group. 
The mean corpuscular volume value was 68.9±6.8 fL 
in patients with hemoglobin levels below 11 g/dL, and 
the mean red cell distribution width(RDW) value was 
19.7±5.4. Among patients with anemia, 61.1% (n=22) 
had hypochromic microcytic anemia and 38.9% 
(n=14) had normochromic normocytic anemia. When 
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comparing patients with normocytic and microcytic 
anemia in terms of B symptom frequency, no signifi-
cant difference was observed (p=0.134). 

At the end of treatment, PET results showed PET 
negativity in 59.1% (n=68) of patients, progressive/re-
fractory disease in 7% (n=8), and partial PET response 
in 6.1% (n=7). PET results were unavailable for 32 pa-
tients. The PET results were compared between patients 
with and without relapse/refractory disease (Table 2).

During follow-up, relapse/refractory disease was 
observed in 16.5% (n=19) of patients. Seven patients 
with relapse/refractory disease underwent autologous 
stem cell transplantation, and 2 underwent allogeneic 
stem cell transplantation. Prognostic factors were com-
pared between patients with and without relapse/re-
fractory disease. The mean age of the relapse group was 
higher (14 vs. 11.9 years). Relapse was more common 
in patients with advanced-stage disease (p=0.007). 
Leukocyte counts were higher, hemoglobin levels were 
lower, and platelet counts were significantly higher in 
the relapse group compared to the other group. Fur-
thermore, ESR was higher (p=0.039) and the frequen-
cy of B symptoms was greater (p=0.001) in the relapse 
group. However, there was no significant difference 
between these two groups regarding bulky disease 
(p=0.166) (Table 2).

Patients received ABVD chemotherapy. Stage I cas-
es were given two cycles, stage II three cycles, stage III 
four cycles, and stage IV six cycles of ABVD. Following 
chemotherapy, patients underwent involved-field ra-
diotherapy (IFRT). Radiotherapy total dose for gross 
residual disease was 30.6 Gy and for microscobic dis-
ease was 25Gy. Stage I and stage IIA patients were given 
only chemotherapy. Stage IIB, III and, IV were given 
radiotherapy and chemotherapy. The mean follow-up 
period was 90±52 months (Range: 6–200), and 8.7% 
(n=10) of patients died during follow-up. Six patients 
died due to infection, pneumonia, or respiratory fail-
ure, and four died due to disease progression. The 
mean survival time for the cases was 187.4±5 months, 
and the, 5-year OS was 91.8 and RFS was 83.5 (Fig. 1).

DISCUSSION

Hodgkin lymphoma is the third most common malig-
nancy in childhood in developing countries. The five-
year survival rate exceeds 95%. The aim is to reduce 
treatment intensity to minimize long-term side effects. 
Research continues to identify which patients may ben-
efit from reduced treatment intensity. In our study, we 
aimed to evaluate the response to ABVD chemothera-
py and to examine prognostic factors. Previous studies 
have identified male sex as a factor associated with re-
duced treatment success.[7] In our analysis of patients 
with relapse/refractory disease, there was no difference 
in sex distribution compared to the other group. Age 
was noticeably higher, but the difference was not sta-
tistically significant. Another study conducted in Tur-
key identified anemia, leukocytosis, elevated ESR, and 
older age as poor prognostic factors. In that study, the 
mixed cellularity type was more common.[8] In our 
study, 76.5% of cases were of the nodular sclerosing 
variant. We considered that the change in variant dis-
tribution compared to previous years may be related to 
improvements in socioeconomic status, living condi-
tions, and the age of exposure to infections.

In a study conducted by the Children’s Oncology 
Group, according to the Childhood Hodgkin Inter-
national Prognostic Score (CHIPS), which consists of 
stage IV disease, large mediastinal mass, albumin <3.5, 
and presence of fever, the group with the highest score 
had an event-free survival (EFS) of 69%.[9] In our co-
hort, 73.7% of patients with relapse had stage 3–4 dis-
ease, a proportion significantly higher than in the other 
group. Patients without bulky disease were classified 
as low-risk by the Children’s Oncology Group, while 
stage IA/IIA patients with bulky disease were consid-

Table 1	 Comparison of patients according to hemoglobin 
levels

			  Hemoglobin level

			  <11 g/dL		 ≥11 g/dL	 p 
			   (n=36)			   (n=79)	

		  n		  %	 n		  %

Age (years)		 12.3±4.1		 12.3±4.07	 >0.05
Sex          							       >0.05
	 Female	 18		  50	 34		  43
	 Male	 18		  50	 45		  57	
Disease stage							       0.04
	 I	 2		  5.6	 5		  6.3
	 II	 9		  25	 41		  51.9
	 III	 14		  38.9	 24		  30.4
	 IV	 11		  30.6	 9		  1.4
Presence of B	 23		  63.9	 22		  27.8	 0.03 
symptoms	
Relapse/refractory	 8		  22.2	 11		  13.9	 >0.05 
disease	
Outcome							       0.05
	 Mortality	 5		  13.9	 5		  6.3
	 Survival	 31		  86.1	 74		  93.7
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ered intermediate risk.[10] Bulky disease and B symp-
toms are among the factors that reduce survival.[11] In 
our cohort, bulky disease was not associated with an 
increased risk of relapse. This may be due to the small 
number of patients or the relatively large proportion of 
patients without PET imaging.

Anemia is one of the poor prognostic factors ob-
served in approximately 40% of patients diagnosed 
with Hodgkin lymphoma.[12] In Hodgkin lymphoma, 
elevated IL-6 levels caused by inflammation are cor-
related with anemia.[13] Increased interleukin-6 leads 
to elevated hepcidin levels, reducing iron absorption 
and increasing its storage as ferritin. Due to increased 

inflammation in advanced-stage disease, anemia is 
more frequently observed in these patients. Patients 
presenting with anemia have been found to have lower 
disease-free survival.[14,15] In our study, relapse was 
more frequent in patients with anemia. Normochromic 
normocytic anemia, associated with anemia of chronic 
disease, is more commonly observed in Hodgkin lym-
phoma.[12] Patients with normochromic normocytic 
anemia may present more frequently with B symptoms.
[16,17] However, in our study, no significant difference 
was observed between patients with hypochromic mi-
crocytic anemia and those with normochromic normo-
cytic anemia in terms of the frequency of B symptoms.

Table 2	 Comparison of patients with and without relapse/refractory disease

			   Relapse group			   Non-relapse		  p
			   n=19			   group n=96

		  n		  %	 n		  %

Age (years)		  14±3 (7–18)			   11.9±4.1 (2–18)		  0.061
Sex							       0.479
	 Female	 10		  52.6	 42		  43.7
	 Male	 9		  47.4	 54		  56.3	
Disease stage							       0.007
	 I	 1		  5.3	 6		  6.3
	 II	 4		  21.1	 46		  47.9
	 III	 6		  31.6	 32		  33.3
	 IV	 8		  42.1	 12		  12.5
Bulky disease	 2		  10.5	 9		  9.3	 0.166
PET result							       0.000
	 CR	 6		  31.6	 62		  64.6
	 PR	 2		  10.5	 5		  5.2
	 Refractory	 8		  42.1	 0		  0
	 Not available 	 3		  15.8	 29		  30.2	
Pathology result							       0.156
	 NS	 17		  89.4	 71		  74
	 MS	 1		  5.3	 17		  17.7
	 LZ	 1		  5.3	 3		  3
	 LD	 0		  0	 1		  1
	 Undetermined	 0		  0	 4		  4.2	
B symptoms							       0.001
	 Present	 14		  73.7	 31		  32.3
	 Absent	 5		  26.3	 65		  67.7	
LDH		  282.11±86.6			   270.78±94.78		  0.401
ESR		  60.11±38.14 (2–120)			  41.14±34.7 (2–120)	 	 0.039
Leukocyte count 	 11892±6623 (2900–27.600)	 10284±4878 (3140–39340)	 0.326
Neutrophil count 	 8871±6112 (580–25000)	 7100±4682 (1030–35040)	 0.243
Lymphocyte count		 1774±881 (427–3190)		 2122±993 (383–5370)	 0.175
Eosinophil count 		  138±136 (30–538)			   223±266 (0–1700)		  0.076
Hemoglobin		  10.86±1.4 (8–15)			   11.2±1.6 (7–16)		  0.192
Platelet count 		  453000±141756			   370813±115805		  0.017

NS: Nodular sclerosing type; MS: Mixed cellularity type; LZ: Lymphocyte-rich type; LD: Lymphocyte-depleted type
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Leukocytosis and lymphopenia have been associat-
ed with reduced disease-free survival in Hodgkin lym-
phoma.[14] In our study, the relapse/refractory disease 
group had higher leukocyte counts, lower lymphocyte 
counts, and lower eosinophil counts compared to the 
other group, but these differences were not statistically 
significant. Platelet counts were significantly higher in 
the relapse group. Elevated ESR is more frequent in ad-
vanced-stage cases. An ESR of <20 mm/h, the presence 
of the mixed cellularity type, and a PET-negative status 
after one cycle of chemotherapy have been associated 
with better EFS.[18] In our study, ESR was significantly 
higher among patients with relapse.

Between 25% and 40% of patients diagnosed with 
Hodgkin lymphoma present with B symptoms,[19] 
which include fever, night sweats, and unintentional 
weight loss of more than 10% in the last six months. 
B symptoms have been associated with reduced EFS.
[9] In our study, B symptoms were more common 
in patients with relapse. B symptoms were also more 
frequently observed in patients with advanced-stage 
disease, anemia, elevated ESR, and higher platelet and 
leukocyte counts.

In studies on adults, patients without a favorable 
PET response after two cycles have been found to have 
a higher risk of relapse.[4,5] At our clinic, interim PET 
scanning has only recently been implemented; there-
fore, such data were unavailable during the study. How-
ever, we observed that patients who did not achieve a 

complete response on PET after chemotherapy had 
lower disease-free survival. All patients who died due 
to Hodgkin lymphoma progression in our cohort had 
been diagnosed before 2013, prior to the introduc-
tion of treatments such as the monoclonal antibody 
brentuximab vedotin or checkpoint inhibitors such 
as nivolumab. Other deaths were due to treatment-
related complications. Ongoing studies aim to reduce 
treatment intensity while maintaining survival to min-
imize late treatment-related effects.[20] At our clinic, 
prophylaxis against infections is not routinely used 
in patients with Hodgkin lymphoma. Of the patients 
who died, 60% (n=6) died due to infection, pneumo-
nia, or respiratory failure. One of the most important 
reasons for this may be pulmonary toxicity caused by 
bleomycin dosage. In our cohort bleomycin cumulative 
dosage was 120mg/m2. In a study conducted by Öz-
kan et al.,[21] pulmonary function tests performed on 
patients diagnosed with Hodgkin lymphoma and re-
ceiving bleomycin revealed abnormalities in approxi-
mately 40% of patients. Therefore, although pulmonary 
function tests were not performed in our patients, the 
cause of their acute lung failure and death may have 
been related to bleomycin toxicity.

In a multicenter study in adult patients with Hodg-
kin lymphoma, bleomycin was omitted from the treat-
ment of interim PET-negative patients, and therapy 
was continued as AVD. Compared with patients who 
continued ABVD, those receiving AVD had fewer pul-

Fig. 1.	 Kaplan- Meier survival curve (Overall survival-relapse free survival). 
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monary complications, without compromising treat-
ment efficacy.[22] In another pediatric study, similar in 
sample size and study period, 115 patients were includ-
ed and received either the EuroNet-PHL-C1 or DAL/
GPOH-HD protocol. In that study, relapse/progression 
was observed in 16 patients, similar to the rate in our 
study, and only one patient died.[6] We consider that 
the higher mortality rate in our study compared to that 
cohort was due to chemotherapy-related toxicity.

In conclusion, Hodgkin lymphoma is a disease with 
highly favorable outcomes among pediatric malignan-
cies. Research to reduce long-term side effects contin-
ues. Based on the prognostic factors identified in our 
cohort, patients with favorable risk profiles may be suit-
able candidates for treatment de-escalation strategies, 
which could help reduce long-term treatment-related 
toxicity without compromising survival outcomes.
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