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The incidence of childhood cancer has increased, with lymphoma being the third most common
malignancy in children and showing improved survival rates. This study aimed to analyse the
demographic, clinical, and outcome data of pediatric lymphoma patients, compare the characteristics
of the HL and NHL subtypes, and evaluate treatment outcomes. A single-center retrospective cohort
study was conducted at An-Najah National University Hospital (NNUH) in Palestine from 2013 to
2023. Seventy-five pediatric patients (<18 years) newly diagnosed with Hodgkin lymphoma (HL) or
non-Hodgkin lymphoma (NHL) were included, and data from electronic medical records were used.
Follow-up data were analysed via Kaplan—Meier survival curves to determine event-free survival (EFS)
and overall survival (OAS).This study revealed a male predominance in both NHL (1.9:1) and HL (1.3:1)
patients, with a mean age of 9 years for NHL patients and 10 years for HL patients. The majority of
patients were from the West Bank (56%) or Gaza (44%). NHL patients commonly presented with Gl
symptoms (31.7%), whereas HL patients (70.6%) presented with neck masses. B symptoms were

more common in HL patients (55.9%). The tumor stage also differed, with NHL often being stage IlI
and HL being stage Il. The predominant subtypes were Burkitt’s lymphoma (BL) for NHL and classical
nodular sclerosis for HL. Overall survival was 96%, with 4% mortality. During the follow-up period
(mean 26.5 +18 months), 84% of the patients had events, with 86.7% of patients remaining event-
free. Relapse occurred in 13.3% of patients, predominantly in the NHL group, and the prevalence of
OAS was 96%. The 2-year event-free survival (EFS) rate was 85.1%, and the 2-year overall survival
(OAS) rate was 96.6%, as estimated via Kaplan—Meier survival analysis. Our study provides insights
into the clinical characteristics and short-term outcomes of pediatric lymphoma patients in Palestine.
Pediatric lymphoma is more common in males and primarily affects children over 10 years of age. HL is
less prevalent, has a higher survival rate, and most commonly presents with a neck mass. In contrast,
NHL is more common, is associated with higher relapse and mortality rates, and often presents with
gastrointestinal symptoms. Burkitt’s lymphoma (BL) is the most common NHL subtype and is not
strongly associated with B symptoms. These findings emphasize the importance of early diagnosis and
continuous follow-up in optimizing treatment outcomes. Further studies with larger cohorts and longer
follow-up periods are needed to validate these findings and assess long-term survival and cure rates.
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Abbreviations

ALCL Anaplastic large-cell lymphoma
BL Burkitt’s lymphoma

BM Bone marrow

CNS Central nervous system

CT Computed tomography
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CSF Cerebrospinal fluid

DLBCL  diffuse large B-cell lymphoma
EBV Epstein-Barr virus

EFS Event-free survival

GI Gastrointestinal

HIV human immunodeficiency virus
HL Hodgkin lymphoma

LDH Lactate Dehydrogenase

LL Lymphoblastic lymphoma

MRI Magnetic Resonance Imaging
NHL Non-Hodgkin lymphoma
NNUH  An-Najah National University Hospital
OAS Overall survival

PET Positron emission tomography
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Lymphoma, a malignancy affecting the lymphatic system, ranks as the third most prevalent cancer among
children. Hodgkin lymphoma (HL) and non-Hodgkin lymphoma (NHL) account for approximately 6-8% each
of the pediatric cancers™?. HL, known for its high cure rates, presents pathologically as classical and nodular
HL, with nodular sclerosis comprising the majority of childhood cases®*->. Childhood NHL includes Burkitt’s
lymphoma (BL), lymphoblastic lymphoma (LL), diffuse large B-cell lymphoma (DLBCL), and anaplastic large-
cell lymphoma (ALCL)®.

HL comprises 6% of childhood cancers in wealthy countries’whereas NHL accounts for 7% and primarily
occurs in the second decade of life”. NHL has an age-adjusted incidence rate of 1.1 per 100,000, which is greater
than the HL rate of 0.6 per 100,000 among children under the age of 158.

Accurate diagnosis requires biopsy and staging, and treatment is tailored to biological characteristics
Survival outcomes have significantly improved in high-income countries, with the 5-year relative survival rate
of HL increasing to 99% and that of NHL increasing to 85-95%S, with relapse being the principal cause of
treatment failure!'. In contrast, children in Palestine face considerable challenges in terms of diagnosis and
treatment because of the fragmented healthcare systems between the West Bank and Gaza, frequent restrictions
on patient movement, and variable access to oncological medications. These barriers can result in delayed
diagnosis, interrupted chemotherapy protocols, and suboptimal follow-up, which are factors that may negatively
impact outcomes. Despite these challenges, very few studies have examined pediatric lymphoma within this
unique sociopolitical and healthcare context.

Although regional studies on pediatric hematologic cancers exist, most focus on leukemia rather than
lymphoma. For example, studies from An-Najah National University Hospital (NNUH) in Palestine and Gaza
City have reported mainly on pediatric leukemia, with limited data on lymphoma treatment and outcomes'>'3. In
neighboring regions, a higher incidence of BL has been noted in Gaza and the West Bank, but specific treatment
outcomes for pediatric lymphoma are scarce'®. Research from Israel on pediatric NHL has shown better survival
rates due to access to advanced care, although these findings may not be fully applicable to Palestine!®.

Although HL and NHL differ in biology and treatment, we present their characteristics side-by-side only for
descriptive clarity while preserving analytical separation.

This study aims to address this gap by focusing specifically on pediatric lymphoma in Palestine and analysing
the clinical features and short-term outcomes of pediatric lymphoma patients treated at NNUH during our
follow-up period. NNUH is located in Nablus, in the northern West Bank, and serves as a referral center for
pediatric oncology cases from both the West Bank and Gaza.

Given the geopolitical fragmentation and unequal distribution of cancer services between Gaza and the
West Bank, there is a pressing need for data from institutions such as NNUH, which serve as central referral
hubs. Understanding pediatric lymphoma in this context is essential for informing national treatment strategies,
especially in the absence of centralized registries and standardized protocols across the territory.

By providing much-needed data, this study contributes to the understanding and treatment of pediatric
lymphoma in resource-limited settings.

Our objectives were to study the clinical profile of pediatric lymphoma patients from 2013 to 2023 in terms
of demographic data; to describe the clinical history of patients at presentation and admission; to review
labs for initial admission, including complete blood count; lactate dehydrogenase (LDH) level; bone marrow
(BM) biopsy; immunohistochemistry; and whole-body computed tomography (CT) and positron emission
tomography (PET) scans and to study short term outcomes.
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Methods

Study design and setting

A single-center, retrospective cohort study was conducted in 2023 at NNUH, a leading referral cancer center
in the West Bank and Gaza, Palestine, to investigate the clinical profile and treatment outcomes of pediatric
lymphoma patients treated from January 1, 2013, to December 31, 2022.

Study population and sampling

Patients were identified through electronic medical records at the Pediatric Oncology Department. All pediatric
patients (<18 years) with a confirmed diagnosis of HL or NHL who initiated treatment at NNUH between
January 2013 and December 2022 were eligible for inclusion. Patients were excluded if they were diagnosed
at NNUH but chose to begin treatment at another institution (n=9), had relapsed disease at the time of initial
presentation (n=5), or had incomplete medical records (n=7). A total of 75 patients met the inclusion criteria
and were included in the final analysis.

Data collection

The collected data included demographic factors (age, sex, residence), clinical presentation (e.g., neck mass,
B symptoms), lymphoma type and subtype (HL or NHL), tumor site (e.g., head/neck, mediastinal), staging
(Ann Arbor for HL, St. Jude for NHL)!®!’B symptoms, LDH levels (<320 or >320 U/L)'®%, and CNS and BM
involvement. First-line treatment protocols followed international pediatric oncology guidelines. For HL,
patients were treated with ABVD (adriamycin, bleomycin, vinblastine, and dacarbazine) or OEPA/COPDAC-
based regimens. NHL patients receive risk-adapted multiagent chemotherapy, such as BEM protocols, on the
basis of the BL and LL classifications. Salvage therapy in relapsed patients included intensive reinduction with
ICE (ifos, carboplatin, etoposide) or other high-risk regimens when clinically indicated.

The selection of treatment regimens was guided by international pediatric oncology standards; however,
their implementation was influenced by local drug availability. Some regimens, including salvage protocols
such as ICE, are used on the basis of availability through the hospital formulary or support from humanitarian
donations. Delays or substitutions occasionally occurred due to supply interruptions.

The outcome measures included death, relapse, remission, overall survival (OAS), and event-free survival
(EFS) rates. Relapse was defined as the recurrence of lymphoma after remission, which was identified by positron
emission tomography (PET) or other diagnostic imaging, such as computed tomography (CT), magnetic
resonance imaging (MRI), or chest X-ray. Remission was defined as the absence of detectable disease activity on
diagnostic imaging following treatment at the last recorded follow-up. Cures that require sustained remission
over a prolonged period, typically five years or more, as suggested by the National Cancer Institute, or up to 10
years, as suggested by Cancer Research UK!*?could not be evaluated because of the study’s limited follow-up
duration (mean 26.5+ 18 months). Given this timeframe, remission and EFS were used as primary outcomes,
as they better reflect the short- to medium-term prognosis in pediatric lymphoma patients. Each patient’s OAS
status was determined on the basis of their survival at the last hospital follow-up. EFS and OAS were estimated
via Kaplan-Meier survival analysis. EFS was defined as the time from diagnosis to the first documented relapse
or death from any cause, with patients who had not experienced an event at their last follow-up being censored.
OAS was defined as the time from diagnosis to death from any cause, with patients who were alive at their
last follow-up being censored. Survival probabilities were calculated at 2 years (24 months) on the basis of
Kaplan-Meier estimates rather than direct event counts. Patients who were transferred to another institution
were censored at their last known follow-up to ensure accurate survival estimates without overestimation of
mortality.

Statistical methods

The data were analysed via IBM SPSS v.29.0. Continuous variables are presented as the means +standard
deviations (SDs) or medians with interquartile ranges, whereas categorical variables are reported as frequencies
and percentages. The chi-square test or Fisher’s exact test was used to analyse categorical variables. Descriptive
and inferential analyses were conducted, with statistical significance set at P <0.05. Patients who were transferred
to another hospital after completing their full treatment at our center were included in the analysis, as they met
the inclusion criteria and were followed until transfer. Since their outcomes were known up to their last follow-
up, they were handled as follows: In the EFS analysis, these patients were recorded as events if they experienced
relapse before transfer. In the OS analysis, these patients were censored at the time of transfer in the Kaplan-Meier
survival analysis, as they were still alive at the last follow-up, but their posttransfer survival was unknown. This
approach ensures that survival time is accounted for without overestimating mortality. Supplementary analyses
included unstratified survival comparisons across the full cohort (HL and NHL combined) to explore broader
patterns. However, given the distinct biology and treatment of HL and NHL, all the main inferential analyses in
the manuscript were performed separately by subtype.

Ethical considerations

The study protocol was approved by the Institutional Review Board (IRB) at An-Najah National University and
the clinical research center at NNUH. This approval granted access to patient clinical data, which were used
exclusively for the purpose of this research. All the data were kept confidential and were not used for any other
purpose. All methods were performed in accordance with the relevant guidelines and regulations, including
those outlined by the Declaration of Helsinki and the journal’s ethical policies for research involving human
participants.
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Results

Demographic data

After applying the exclusion and inclusion criteria, a collective of 75 pediatric lymphoma patients (56% from the
West Bank & 44% from Gaza) were identified from the medical records of the pediatric oncology department of
NNUH between 2013 and 2023 for enrollment in the study.

Patients were classified into HL (34 patients) and NHL (41 patients) groups, and their clinical and outcome
data were analysed separately to determine their distinct biological and treatment profiles, as shown in Table 1.
A male predominance was evident in both subtypes. The mean age at diagnosis was 9 years for NHL patients
and 10 years for HL patients.

Clinical data

The process of diagnosing lymphoma involves a thorough approach with imaging techniques such as whole-
body CT scans, chest X-rays, and abdominal ultrasounds, when necessary, along with bone marrow and CSF
aspirations (the latter only for NHL patients). As shown in Table 2, most NHL patients (31.7%) first presented with
gastrointestinal (GI) symptoms, such as abdominal pain, masses, or signs of obstruction, whereas a majority of
HL patients (70.6%) presented with neck masses. This difference in initial symptoms was statistically significant
(p=0.003). These distinct patterns in symptom presentation highlight the differing anatomical predilections and
progression behaviors of HL and NHL in our cohort. Notably, the high proportion of abdominal symptoms in
NHL patients may reflect diagnostic delays, particularly among patients referred from Gaza. Other symptoms
observed included respiratory issues such as chronic cough and rarer signs such as facial swelling or jaw pain.
At the time of diagnosis, NHL was mostly found at stage III (41.5%), whereas HL was more often diagnosed at
stage II (41.2%), with fewer cases presenting at stage I'V, where the disease had spread to bones, the CNS, or other
organs. As shown in Table 3, subtype analysis revealed that BL (56.1%) was the most common subtype of NHL,
whereas classical nodular sclerosing Hodgkin lymphoma (73.5%) was the most common subtype of HL, with
these differences being statistically significant (p <0.001). Immunohistochemistry was used to confirm specific
markers for each subtype, ensuring accurate classification.

Outcome
Our study followed 75 pediatric lymphoma patients from diagnosis and during the completion of the treatment
protocol to the last follow-up, with a mean value of 26.5+ 18 months.

During the follow-up of each patient, regular PET scans or follow-up imaging, such as CT/MRI, were
employed to identify relapse and remission. As shown in Fig. 1, most patients (65, 86.7%), including 29 HL
(85.3%) patients and 36 NHL (87.8%) patients, experienced no events during follow-up. patients. Relapse
occurred in 10 patients (13.3%), including 5 with HL and 5 with NHL.

The time to relapse ranged from 1 to 54 months, with a median of 8 months and a mean of 13 months. Among
the patients who relapsed, 4 patients with HL achieved remission after retreatment, whereas none of the NHL
patients achieved remission. Five patients (6.7%) remained in relapse after retreatment and were transferred for
further care (1 HL, 4 NHL). This finding suggests a differential response to salvage regimens and may reflect
more aggressive disease behavior in NHL patients. Since these patients experienced relapse before transfer, they
were recorded as events in the EFS analysis. However, because they were still alive at their last follow-up, they
were censored at the time of transfer in the OAS analysis via Kaplan-Meier survival curves. This ensures that
their survival time contributed to the analysis without overestimating mortality.

Deaths occurred in 3 patients (4.0%), all from the NHL group, including 2 patients who died without
preceding relapse and 1 patient who died after relapse; thus, 96% of all patients survived. Overall, 67 patients
(89.3%), including 33 HL patients and 34 NHL patients, achieved remission. Total events (relapse or death)
were slightly more common in NHL patients (7 patients) than in HL patients (5 patients), and in total, 12 events
(relapse or death) were recorded. During the follow-up period (mean 26.5+ 18 months), 84% of the patients
experienced events (a total of 12 events, including relapse or death), with 86.7% of patients remaining event free.
The 2-year event-free survival (EFS) rate was 85.1%, and the 2-year overall survival (OAS) rate was 96.6%, as
estimated via Kaplan-Meier survival analysis, as shown in supplementary Figs. 1 and 2. These favourable short-
term outcomes indicate effective protocol-based treatment despite systemic challenges, but longer follow-up
is needed to assess late relapse and cure. The chi-square test was used to examine associations between patient

Pediatric lymph (n=75) Freq y (%) | NHL(n=41) Frequency (%) | HL(n=234) Frequency (%) | P value

Age at diagnosis

<5 years 14 (18.7) 9(22) 5 (14.7)

5_1’(’) s 22(29.3) 12 (29.3) 10 (29.4) 0.704*

>10 yyears 39 (52) 20 (48.8) 19 (55.9)

Gender 46 (61.3) 27 (65.9) 19 (55.9)

Male

ol 29 (38.3) 14 (34.1) 15 (44.1) 0.476*
1.6:1 1.9:1 1.3:1

Male: Female

Residence
West Bank
Gaza

42 (56) 21 (51.2) 21 (61.8)

.
33 (44) 20 (48.8) 13 (38.2) 0.484

Table 1. Demographics of pediatric lymphoma patients. * Fisher’s exact test.
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HL n (%)

NHL n (%) (n=41) | (n=34) P value
Presentation 0.003*
Neck mass 12 (29.3) 24 (70.6)
Respiratory symptoms | 8 (19.5) 2(5.9)
GI symptoms 13 (31.7) 3(8.8)
B symptoms 2 (4.9) 3(8.8)
Others* 6(14.6) 2(5.9)
B symptoms 0.109**
No 26 (63.4) 15 (44.1)
yes 15 (36.6) 19 (55.9)
Site 0.018**
Head/neck 12 (29.3) 16 (47.1)
mediastinal 5(12.2) 10 (29.4)
abdomen/pelvis 12 (29.3) 3(8.8)
Generalized 12 (29.3) 5(14.7)
BM involvement 0.369*
no 37 (90.2) 33 (97.1)
yes 4(9.8) 1(2.9)
Stage 0.999*
I 3(7.3) 3(8.8)
II 16 (39) 14 (41.2)
11 17 (41.5) 13 (38.2)
v 5(12.2) 4(11.8)
Stage early/advanced 0.819*
Early<3 19 (46.3) 17 (50)
Advanced >3 22(53.7) 17 (50)
LDH 0.154**
Less than 320 17 (41.5) 21(61.8))
More than 320 13 (31.7) 5(14.7)
Not done 11 (26.8) 8(23.5)

Table 2. Clinical characteristics of pediatric lymphoma patients. *Fisher exact test **Pearson chi square test.

NHL Frequency (n=41) (%) | HL Frequency (n=34) (%) | P value
LL 13 (31.7) Classical Nodular Sclerosing | 25 (73.5)
DLBCL | 5(12.2) Classical lymphocyte rich 4(11.8) <0.001
BL 23 (56.1) Classical mixed cellularity 4(11.8)
ALCL 0 NLPHL 1(2.9)

Table 3. Histopathological findings of pediatric lymphoma. *Pearson chi square test. LL, lymphoblastic
lymphoma; DLBCL, diffuse large B-cell lymphoma; BL, Burkitt’s lymphoma; ALCL, anaplastic large-cell
lymphoma; NLPHL, nodular lymphocyte predominant HL.

characteristics and treatment outcomes, and no significant correlations were found between demographic and
clinical characteristics and survival or event rates, as shown in Supplementary Tables 1 and 2.

Additionally, Kaplan-Meier survival analysis was performed to compare EFS and OAS between HL patients
and NHL patients. The log-rank test revealed nonsignificant differences between the groups (p=0.964 and
p=0.208), as shown in Figs. 2 and 3. Censoring is indicated in the Kaplan-Meier curves, including for the five
transferred patients in the OAS analysis.

Discussion
Our research on pediatric lymphoma in Palestine represents a pioneering effort, as no such study has been
conducted before. Our primary objective was to investigate the clinical characteristics of HL and NHL patients
and analyse their outcomes, emphasizing distinctions between the two.

Throughout our analysis, HL and NHL were evaluated as separate entities. Comparisons made are descriptive
and not inferential.
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Fig. 2. Kaplan-Meier curve for event-free survival (EFS) in HL patients vs. NHL patients. No statistically
significant difference was observed (P = 0.964, log-rank test). Mean event-free survival was 55.75 months (95%
ClI: 48.74-62.76).
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Fig. 3. Kaplan-Meier curve for overall survival (OAS) in HL patients vs. NHL patients. No statistically
significant difference was observed (P = 0.208, log-rank test).

Among both HL and NHL patients, males presented a greater prevalence, which aligns with findings from
global research studies conducted in Egypt, Korea, the United States, East Asia, Saudi Arabia, and Turkey?!~%.
Notably, the male-to-female ratio in our study was approximately 2:1 for both HL and NHL, whereas in the
aforementioned studies, it was commonly reported as 2.5:1, 3:1, or 4.5:1.

In our study, individuals aged>10 years emerged as the predominant age group affected by pediatric
lymphoma, a trend consistent with findings from research conducted in Korea and the USA?"?%. In contrast,
studies in Turkey and India reported a higher prevalence among those aged <5 years, whereas in Egypt, the
(5-10 years) age category stood out?>?627,

Notably, countries exhibiting a predominance of younger age groups are often associated with a higher
prevalence of Epstein-Barr virus (EBV), which is thought to be linked to a younger age of presentation. These
regional variations underscore the complex interplay between age demographics and potential viral factors
influencing the incidence of pediatric lymphoma?*%,

BL has consistently emerged as the most common pathological subtype of NHL, which aligns with other
global investigations?!:2426:29 Conversely, HL exhibited variability in the most frequent pathological subtype
across studies. Our research and studies in Egypt and the USA consistently identified classical nodular sclerosing
as predominant?>*, Conversely, studies conducted in the UK and India reported that the mixed cellularity type
was the most dominant?”3!,

In terms of initial presentation, abdominal manifestations such as abdominal masses or abdominal signs/
symptoms such as intestinal obstruction predominated in NHL patients, which is consistent with studies in
other countries®?. HL patients predominantly present with neck masses or masses.

The tumor’s primary site, which is the primary region of disease concentration or origin, was identified with
equal frequency as the most predominant site in three regions—the head and neck, abdomen and pelvis—and
generalized in NHL. In a study conducted in Thailand, it was in the head and neck region, and in Korea, the
Prague Czech Republic and Turkey, it was mainly in the abdomen?!-26-2%33,

In our study, the majority of patients diagnosed with NHL presented with an advanced stage (>stage 3) at
the time of diagnosis (53.7%). Conversely, in the HL group, there was an equal distribution, with 50% of patients
diagnosed with early-stage disease (<stage 3) and the remaining 50% with advanced-stage disease (> stage 3).
Interestingly, the literature commonly reports diagnoses of both HL and NHL at advanced stages?!?22427:2%,

B symptoms were more common in HL patients (55.9%) than in NHL patients (36.6%). This finding was
consistent with the literature in the case of NHL, whereas some studies on HL reported that the majority of
patients had B symptoms, and others reported that the majority had no B symptoms?>?7.

In addition to these clinical characteristics, region-specific factors also shaped the presentation and outcomes
in our cohort. A notable distinction in our cohort is the high proportion of patients from Gaza (44%), where
access to care is often limited. In addition to geographic and political barriers, the Gaza Strip has endured
repeated episodes of armed conflict over the past decade, which have significantly disrupted healthcare services.
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These conditions likely contribute to delays in diagnosis, treatment interruption, and loss to follow-up, ultimately
affecting disease progression and outcomes for paediatric lymphoma patients in this region. Furthermore,
fluctuations in chemotherapy drug availability and limited access to advanced imaging or pathology tools can
restrict the use of guideline-recommended protocols. Additionally, neck masses, as predominant HL symptoms
and gastrointestinal symptoms for NHL, were more pronounced in our cohort than typically reported. These
differences may reflect diagnostic delays and region-specific disease patterns. These challenges not only affect
early detection and treatment completion but also limit the feasibility of standardized follow-up and national
protocol implementation. Addressing these barriers is essential for improving long-term outcomes and
establishing equity in pediatric cancer care across regions of Palestine.

In terms of our outcomes, the survival of children and adolescents with cancer has clearly significantly
increased over time!. For children under 15 years of age, the OAS rate increased to 90% for NHL3>3¢ and
98% for HLY. According to American Cancer Society estimates, the OASs for HL and NHL were 99% and
91%, respectively, for children younger than 14 years. Compared with 98% and 89%, respectively, for children
between 15 and 19 years of age!l.

In our study, the survival rate for pediatric lymphoma patients was 96% on the basis of the survival outcome
of the last hospital follow-up; 100% of HL patients and 92.7% of NHL patients survived. Similar to a study
performed in Bangladesh, a total of 76.5% of patients survived; 100% of HL patients and 60% of NHL patients
survived®,

In our study, relapses were observed in 9 patients, accounting for 12% of all lymphoma patients; 5 (14.7% of
those with HL) and 4 (9.8% of those with NHL) of the 5 patients with HL. The EFS rate for paediatric lymphoma
patients was 85.1%. Studies performed in Thailand, Korea, and East Asia among NHL pediatric patients reported
similar results (71.5% + 4.3%, 67.7 + 8.0%, and 84%, respectively, for 5-year EFS?12429,

We found no significant associations between OAS or EFS and disease stage (p = 0.35and p = 0.34, respectively).
These findings diverge from those of prior studies, which often reported significant associations?***which might
be due to the small sample size of our study or the early transfer of advanced stages, which were excluded from
the study.

Two studies performed in East Asia and Spain reported that initial LDH levels were significantly associated
with OAS and EFS and that higher LDH values were associated with poorer outcomes'®?%. Our study, however,
had no significant p value for that association (0.999).

Although the study period spans 10 years, the mean follow-up duration was 26.5 months. Therefore, OS and
EFS were calculated as short-term outcomes and should not be interpreted as long-term survival indicators.

Study limitations

The study’s limitations include the small sample size of 75 pediatric lymphoma patients, which may limit the
ability to identify significant treatment changes or generalize findings. Although NNUH is a main referral center,
some pediatric lymphoma cases in Gaza and the southern West Bank may have been treated at other institutions.
Access to records from those centers was limited due to logistical and administrative barriers.

Additionally, the retrospective design of this study, encompassing data collected from 2013-2023, introduces
inherent constraints, including potential inconsistencies in data recording and variations in follow-up durations.
Patient inclusion and follow-up periods varied due to factors such as treatment completion without subsequent
follow-up or transfer to specialized facilities. Notably, some patients completed their prescribed treatment
regimens but did not return for scheduled follow-up assessments, limiting the ability to monitor long-term
outcomes and assess sustained remission or potential late relapses. Additionally, five patients transferred to
other centers were alive at their last follow-up; however, their posttransfer outcomes remain unknown, limiting
the comprehensiveness of our survival analysis. Moreover, logistical and geographic challenges, particularly for
patients from the Gaza Strip, limit our ability to conduct the longer-term follow-up necessary to assess cure rates.
The mean follow-up duration of 26.5 + 18 months was insufficient to evaluate long-term outcomes definitively.
The limited follow-up duration was largely due to logistical and political barriers that restrict long-term access
to care, especially for patients from Gaza, who often cannot return for extended monitoring. Additionally,
inconsistent outpatient surveillance, incomplete follow-up records, and the absence of a centralized cancer
registry contributed to the constrained follow-up window. These systemic challenges limit our ability to assess
long-term outcomes and cure rates. Determining ‘cure’ in pediatric lymphoma patients typically requires a
follow-up period of five years or more to monitor for late relapse and sustained remission. The relatively short
follow-up in this study precludes the assessment of cure rates and may lead to the underestimation of late-
occurring events.

To mitigate these limitations, future research should consider prospective study designs with standardized
data collection methods and extended follow-up periods. Such approaches would enable a more accurate
assessment of long-term outcomes, including cure rates, and provide a clearer understanding of the factors
influencing survival and remission in paediatric lymphoma patients.

Our 10-year study of pediatric lymphoma patients at NNUH provided valuable insights into their
demographics and clinical characteristics, highlighting the success of their treatment protocols. However, it
also highlights the need for improved cancer registries and a nationwide association for patients to improve
communication and care quality.

Conclusions

Our study provides insights into the clinical characteristics and short-term outcomes of pediatric lymphoma
patients in Palestine. Pediatric lymphoma is more common in males and primarily affects children over 10
years of age. HL is less prevalent, has a higher survival rate, and most commonly presents with a neck mass. In
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contrast, NHL is more common, is associated with higher relapse and mortality rates, and often presents with
gastrointestinal symptoms. Burkitt’s lymphoma (BL) is the most common NHL subtype and is not strongly
associated with B symptoms. These findings emphasize the importance of early diagnosis and continuous follow-
up in optimizing treatment outcomes. However, owing to the small sample size and limited follow-up duration,
long-term conclusions cannot be drawn. Further studies with larger cohorts and extended follow-up are needed
to validate these findings and assess long-term survival and cure rates.

Data availability

The data supporting the findings of this study are available upon request from the corresponding authors. The
datasets used in this study were analyzed using SPSS software. For access to the data, please contact Dania Abu-
halima at dabuhalima@gmail.com.

Received: 28 November 2024; Accepted: 9 July 2025
Published online: 26 September 2025

References

1. Board, P. P. T. E. Childhood Hodgkin Lymphoma Treatment (PDQ"). PDQ Cancer Inform. Summaries (2023).

2. Sandlund, J. T, Downing, J. R. & Crist, W. M. Non-Hodgkin’s lymphoma in childhood. N Engl. J. Med. 334, 1238-1248 (1996).

3. Blank, O. et al. Chemotherapy alone versus chemotherapy plus radiotherapy for adults with early stage Hodgkin lymphoma.
Cochrane Database of Systematic Reviews (2017). (2017).

4. Pileri, S. A. et al. Hodgkin’s lymphoma: the pathologist’s viewpoint. J. Clin. Pathol. 55, 162-176 (2002).

5. Bazzeh, F, Rihani, R., Howard, S. & Sultan, I. Comparing adult and pediatric hodgkin lymphoma in the surveillance, epidemiology
and end results program, 1988-2005: an analysis of 21 734 cases. Leuk. Lymphoma. 51, 2198-2207 (2010).

6. PDQ Adult Treatment Editorial Board. Adult Non-Hodgkin Lymphoma Treatment (PDQ’): Patient Version. PDQ Cancer Inform.
Summaries (2002).

7. Cancer Incidence and Survival among Children and Adolescents: United States SEER Program. (1975).

8. Childhood Blood Cancer Facts and Statistics | Leukemia and & Society, L. https://tlls.org/facts-and-statistics/overview/childhoo
d-blood-cancer-facts-and-statistics

9. Buhtoiarov, I. N. Pediatric lymphoma. Pediatr. Rev. 38, 410-423 (2017).

10. Lymphoma Staging Scheme | SEER Training. https://www.training.seer.cancer.gov/staging/systems/schemes/lymphoma.html

11. Siegel, R. L., Miller, K. D., Wagle, N. S. & Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 73, 17-48 (2023).

12. Mills, D. et al. Unique barriers to care and outcomes of pediatric acute lymphoblastic leukemia treatment in Gaza city, occupied
Palestinian territory. . Glob Oncol. 3, 25s-26s (2017).

13. Shawahna, R., Mosleh, S., Odeh, Y., Halawa, R. & Al-Ghoul, M. Clinical characteristics and outcomes of patients with pediatric
acute lymphoblastic leukemia after induction of chemotherapy: a pilot descriptive correlational study from Palestine. BVIC Res.
Notes. 14, 1-8 (2021).

14. Ramot, B., Ben-Bassat, L., Brecher, A., Zaizov, R. & Modan, M. The epidemiology of childhood acute lymphoblastic leukemia and
non-Hodgkin’s lymphoma in Israel between 1976 and 1981. Leuk. Res. 8, 691-699 (1984).

15. Kleinstern, G. et al. Ethnic variation in medical and lifestyle risk factors for B cell non-Hodgkin lymphoma: A case-control study
among Israelis and Palestinians. PLoS One. 12, 0171709 (2017).

16. Edge, S. B. & Compton, C. C. The American joint committee on cancer: the 7th edition of the AJCC cancer staging manual and the
future of TNM. Ann. Surg. Oncol. 17, 1471-1474 (2010).

17. Rosolen, A. et al. Revised international pediatric non-Hodgkin lymphoma staging system. J. Clin. Oncol. 33, 2112-2118 (2015).

18. Garcia, R. et al. Serum lactate dehydrogenase level as a prognostic factor in Hodgkin’s disease. British Journal of Cancer 1993 68:6
68, 1227-1231 (1993).

19. Definition of relapse - NCI Dictionary of Cancer Terms. - NCI. https://www.cancer.gov/publications/dictionaries/cancer-terms/d
ef/relapse

20. Why some cancers come back | Cancer Research UK. https://www.cancerresearchuk.org/about-cancer/what-is-cancer/why-some
-cancers-come-back

21. Kim, J. S. et al. Treatment outcomes and prognostic factors in children with Non-Hodgkin lymphoma at a single institution. Clin.
Pediatr. Hematology-Oncology. 21, 86-94 (2014).

22. Ali, N., Mansour, M., Khalil, E. & Ebeid, E. Outcome and prognostic factors of pediatric patients with hodgkin lymphoma: a single-
center experience. ] Egypt. Natl. Canc Inst 35, (2023).

23. Childhood Non-Hodgkin’s Lymphoma Survival Rates | American Cancer Society. https://www.cancer.org/cancer/types/childhoo
d-non-hodgkin-lymphoma/detection-diagnosis-staging/survival-rates.html

24. Kyung Suh, J. et al. Clinical characteristics and treatment outcomes of pediatric patients with Non-Hodgkin lymphoma in East
Asia. Cancer Res. Treat. 52, 359-368 (2019).

25. Belgaumi, A. et al. Clinical characteristics and outcome of pediatric patients with stage IV hodgkin lymphoma. Hematol. Oncol.
Stem Cell. Ther. 2, 278-284 (2009).

26. Karadeniz, C. et al. CLINICAL CHARACTERISTICS AND TREATMENT RESULTS OF PEDIATRIC B-CELL NON-HODGKIN
LYMPHOMA PATIENTS IN A SINGLE CENTER. Pediatr. Hematol. Oncol. 24, 417-430 (2007).

27. Trehan, A,, Singla, S., Marwaha, R. K., Bansal, D. & Srinivasan, R. Hodgkin lymphoma in children: experience in a tertiary care
centre in India. J. Pediatr. Hematol. Oncol. 35, 174-179 (2013).

28. Chiu, B. C. H. & Weisenburger, D. D. An update of the epidemiology of non-Hodgkin's lymphoma. Clin. Lymphoma. 4, 161-168
(2003).

29. Choeyprasert, W. et al. Pediatric non-Hodgkin lymphoma: characteristics, stratification, and treatment at a single Institute in
Thailand. Pediatr. Int. 61, 49-57 (2019).

30. Lymphoma Research Foundation. | Finding Cures Starts Here | LRF. https://lymphoma.org/

31. Faizan, M. etal. Comparison of presentation and outcome in 100 pediatric hodgkin lymphoma patients treated at children hospital,
lahore, Pakistan and Royal marsden hospital, UK. J. Coll. Physicians Surg. Pak. 26, 904-907 (2016).

32. Mansoor, R., MALNUTRITION, SEPSIS AND TUMOR LYSIS SYNDROME ARE ASSOCIATED WITH INCREASED RATE
OF ACUTE & MORTALITY IN MATURE B CELL NON-HODGKIN LYMPHOMA IN PEDIATRIC POPULATION- STUDY
FROM TERTIARY CARE HOSPITAL IN PAKISTAN. Mediterr. J. Hematol. Infect. Dis. 11, 02019043 (2019).

33. Kavan, P. et al. TREATMENT OF PEDIATRIC B-CELL NON-HODGKIN’S LYMPHOMAS AT THE MOTOL HOSPITAL IN
PRAGUE, CZECH REPUBLIC: results based on the NHL BEM 90 protocols. Pediatr. Hematol. Oncol. 16, 201-212 (1999).

34. Smith, M. A., Altekruse, S. F.,, Adamson, P. C., Reaman, G. H. & Seibel, N. L. Declining childhood and adolescent cancer mortality.
Cancer 120, 2497-2506 (2014).

Scientific Report : - ol https://doi.prg/10.1038/541598-025-11278-2 : ature portfolio
cientific Reports| Q@%ﬁ?eﬁ%ourtesy of S'prﬁié/e?' RS> Yeting S sé apply. Rights reserved” P



www.nature.com/scientificreports/

35. Minard-Colin, V. et al. Non-Hodgkin lymphoma in children and adolescents: progress through effective collaboration, current
knowledge, and challenges ahead. J. Clin. Oncol. 33, 2963 (2015).

36. Wang, S, Li, S., Chen, Y. & Zhang, Y. Establishment of risk prediction model and nomogram for lymph node metastasis of cervical
cancer: based on SEER database. Yangtze Med. 07, 105-115 (2023).

37. National Childhood Cancer Registry Explorer (NCCR*Explorer. ). https://nccrexplorer.ccdi.cancer.gov/

38. Nahar, K. et al. Incidence and treatment outcome of childhood lymphomas in a tertiary care hospital of a developed country: a
study in combined military hospital Bangladesh. https://doi.org/10.15406/htij.2022.10.00283

39. Ketchen, D. Epidemiology and treatment outcome of lymphomas in children: A study from a developing area in Cameroon.
(2018). https://doi.org/10.1200/jgo.18.20400 4, 12s-12s

Acknowledgements
We would like to thank the staff of An-Najah National University Hospital for their support during this study.

Author contributions

DA, DM, and ZQ collected and analyzed the data and prepared the initial draft of the manuscript under the
supervision of AAT and SM. AAT, SZ and SM provided critical revisions and DA finalized the manuscript. All
authors reviewed and approved the final version of the manuscript for submission.

Funding
This research received no specific grant from any funding agency in the public, commercial, or not for-profit
sectors.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate

Due to the retrospective nature of this study, the need to obtain informed consent was waived by the An-Najah
National University Institutional Review Board (Approval number: Med. Oct. 2023/111) and the Clinical
Research Committee of An-Najah National University Hospital (Approval number: CRC_2023_0160). The
study was conducted using pre-existing, de-identified data, and ethical approval was obtained before initiating
the research.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-11278-2.

Correspondence and requests for materials should be addressed to D.A. or S.M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Report : - ol https://doi.prg/10.1038/541598-025-11278-2 : ature portfolio
cientificReports| - (3p3 @nltsc?ﬁ%ourtcsy of S'pnpr?é/c?' RS> Yeting S sé apply. Rights reserved TP



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

