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ABSTRACT

Objective: B-cell Non-Hodgkin Lymphoma (B-NHL) is an aggressive malignancy in children requiring prompt multidisciplinary management. This
retrospective cohort study aims to evaluate the clinical characteristics, treatment outcomes, and impact of rituximab (RTX) in pediatric B-NHL patients.

Methods: We retrospectively analyzed 62 pediatric B-NHL patients treated at tertiary centers. Patient demographics, clinical presentation,
histopathological subtypes, disease stage, treatment regimens, and survival outcomes were assessed. Event-free survival (EFS) and overall survival
(OS) rates were analyzed based on lactate dehydrogenase (LDH) levels and RTX administration.

Results: The mean age at diagnosis was 8.73+4.3 years, with a male predominance (79%). The most common histological subtype was Burkitt
lymphoma (BL) (53.2%), followed by diffuse large B-cell lymphoma (DLBCL) (33.8%). Advanced-stage disease (llI-1V) was observed in 74.1% of cases.
RTX was administered in 72.5% of patients, with a mean of 5.1+2.7 doses. Febrile neutropenia (FEN) was noted in 74.1%, with intensive care unit (ICU)
admission required for seven patients. Mortality was observed in 12 (19.3%) patients, including all patients with primary immunodeficiency (PID). The
S-year EFS for the entire cohort was 67.2%, and OS was 81.3%. Patients with LDH <400 U/L had superior 5-year EFS (88.9%) and OS (96.3%) compared
to those with LDH >400 U/L (EFS: 49.6%, OS: 70.7%; p=0.004 and p=0.015, respectively). In RTX-treated patients without PID, EFS was 76.5% versus
73.2% in those without RTX, but the difference was not statistically significant (p=0.53).

Conclusions: Although not statistically significant, EFS was found to be higher in the RTX-treated group, suggesting that adding RTX to standard
chemotherapy regimens may improve survival, particularly for high-risk patients, though its benefit in low-risk cases remains uncertain. Despite
improved survival, patients with PID had poor outcomes, likely due to increased infections and disseminated disease. Risk-adapted, targeted
treatment strategies are essential for optimizing outcomes in pediatric B-NHL. Further large-scale, randomized controlled trials are needed to confirm
the efficacy of RTX in different risk groups and to optimize treatment regimens for pediatric B-NHL.
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INTRODUCTION

Non-Hodgkin lymphoma, accounting for only 7% of
cancers in the pediatric population younger than 20 years
old, is an important tumor due to its high grade.! Certain
variables, such as geographical location, age, gender, race,
whether the patient is infected with Ebstein-Barr virus or
diagnosed with an inherited disease associated with cancer
development, and the patient’s immune status impact
incidence.?

Despite the improved survival rates, as high as 295% 5-year
event-free survival (EFS) rate and 80-90% 5-year overall
survival (0S), the outcome depends on many factors,
including stage and histology of the disease. It should be
underlined that, except for anaplastic large cell ymphoma,
regardless of histology, response failure to first-line therapy
is an independent prognostic factor.? In addition to this,
toxicities experienced during the courses are still a matter
of debate.?*

Mature B cell lymphomas account for nodal marginal zone
lymphoma (NMZL), follicular lymphoma (FL), diffuse large
B-cell lymphoma (DLBCL), primary mediastinal (thymic)
large B-cell lymphoma, ALK (anaplastic lymphoma kinase)
positive large B-cell lymphoma, Burkitt Lymphoma (BL), and
B-cell lymphoma unclassifiable (B-NHL, NOS). Among them,
low-grade NHL, such as FL and NMZL, are rare in childhood.?
B-cell NHLs are commonly treated with regimens containing
corticosteroids, high-dose methotrexate and cytarabine,
alkylating agents, prophylactic/intense (in the presence
of central nervous system involvement) intrathecal
injections. The protocols frequently consist of short,
however intensive chemotherapy cycles. Therefore, the
frequency of short-term toxicities is increased for patients
with B-NHL. Although long-term toxicity incidence is still
acceptable, precautions should be undertaken to reduce
the risk of cardiovascular complications and secondary
malignancies.>®

In recent years, Rituximab (RTX) (Anti-CD20 monoclonal
antibody) has been proven to have an efficacy both on
EFS and OS in large-scale phase 3 trials, whilst it has been
utilized in the standard care of patients with B-NHL in
adulthood, combined with cyclophosphamide, doxorubicin,
vincristine, and prednisolone (CHOP) regimen.” The present
study is designed as a retrospective cohort evaluating the
effects of RTX on both EFS and OS.
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MATERIAL AND METHOD

In the current study, 62 patients diagnosed with B-NHL
who had been admitted to the Pediatric Hematology and
Oncology Departments of Erciyes, Van Yiiziinci Yll, Sakarya,
Dicle, Hasan Kalyoncu Universities and Gaziantep City
Hospital between the years 2005 and 2024 were enrolled in
the study. The demographical data, stage, and histology of
the disease, treatment regimens, and treatment outcomes
were obtained from the patient files. Besides, the frequency
of treatment-related complications, for example, febrile
neutropenia and fungal infections, intensive care unit
admission, and the necessity of granulocyte-macrophage
colony-stimulating factor and/orimmunoglobulin utilization
in the periods of severe infections were evaluated.

The staging and risk group stratification were assessed in
accordance with the NHL-BFM protocol designed by the
Berlin-Frankfurt-Minster Group. According to this protocol,
risk group stratification depends on the resection status
of the tumor, stage, and serum lactate dehydrogenase
(LDH) level on admission. The staging system is primarily
based on St Jude’s staging.®'® R1 risk group is defined as
the completely resected tumor, R2 is defined as stage |
or Il disease with an incomplete resected tumor, or stage
Il disease with an LDH level of <500 U/L. Whereas R3 is
defined as stage Il disease with an LDH level equal to or
higher than 500 U/L and lower than 1000 U/L, or stage
IV Burkitt Leukemia with an LDH level <1.000 U/L and no
involvement of central nervous system (CNS). R4 is defined
as stage Il disease with an LDH level of >1.000 U/L or
stage IV Burkitt leukemia with an LDH level of >1.000 U/L
in the presence of CNS negativity. In the presence of CNS
involvement, cases are classified as R4 CNS+.5%°

The primary endpoint of this retrospective cohort was to
achieve information on event-free (EFS) and overall survival
rates (OS). Besides, the effect of monoclonal anti-CD20
antibody RTX on survival and side effects was evaluated.

Continuous data were compared using the Student t-test if
normally distributed; if not, they were compared using the
Mann-Whitney U test. Also, proportions were compared
with the x2 test and Fisher exact test. Survival was evaluated
with Kaplan Meier and Log-rank tests. A p-value<0.05 was
considered statistically significant. Results were analyzed
using SPSS version 22.0 software.
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RESULTS

Of the 62 patients enrolled in the study, only 13 (21%)
were female and 49 (79%) were male. Regarding the
subtypes of B-NHL, 33 patients (53.2%) were diagnosed
with BL, 21 (33.8%) with DLBCL, 2 (3.2%) with ALBCL, and
1 (1.6%) with FL, 1 (1.6%) with plasmoblastic lymphoma,
and B-cell lymphoblastic lymphoma (BCLL, NOS) with
indistinguishable subgroup was detected in 4 patients
(6.4%). Four patients were solid organ transplanted (3 of
them liver and one kidney transplantation). Of which two
were diagnosed with BL, whereas two were diagnosed with
DLBCL. The mean age was 8.73 (+4.3) years, whereas the
median age was 8.9 years (minimum 6 months - maximum
17 years) on admission. The most common signs and
symptoms on admission were swelling in the cervical area
and palpable lymphadenomegaly observed in 25 (40.3%)
patients, followed by abdominal distension and pain in 27
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(43.5%) patients. Of the patients admitted with cervical
lymphadenomegaly, 6 had shortness of breath, 5 had
cough, and 4 had hoarseness. Among the patients with
abdominal symptoms, 4 of them had been admitted with
the clinical findings of intussusception, requiring urgent
surgical intervention.

Regarding the primary sites of disease, 31 patients (50%)
had abdominal, 23 (37%) had cervical, and 8 (12.9%) had
mediastinal involvement. CNS involvement was present in
only 2(3.2%) patients. 5 (8%) had bone marrow involvement.
Three patients (4.8%) had both bone and bone marrow
disease. In contrast, four patients (6.4%) had effusions and
organ involvements like liver and kidney. Considering the
stages of disease according to St Jude’s staging system;
16 patients (25.8%) had stage Il, 34 (54.8%) had stage I,
and 12 patients (19.3%) had stage IV disease. Seventeen
patients (27.4%) were stratified in R2, 30 (48.4%) in R3, and
15 (24.2%) in R4 risk group.

Table 1. Baseline characteristics of the patients

Characteristics N: 62 (%)
Gender

Female 13 (21%)

Male 49 (79%)
Age

MeantSD 8.73 (+4.3) years

Median (min-max)

8.9 years (minimum 6 months - maximum 17 years)

Diagnosis

Burkitt Lymphoma

33 (53.2%)

Diffuse large B-cell lymphoma

21(33.8%)

B-NHL, not otherwise specified 4 (6.4%)

Follicular Lymphoma 1(1.6%)

Plasmoblastic Lymphoma 1(1.6%)
Risk group

R2 17 (27.4%)

R3 30 (48.4%)

R4 15 (24.2%)

Stage of disease (Murphy)

Stage Il 16 (25.8%)
Stage Ill 34 (54.8%)
Stage IV 12 (48.4%)

Primary site
Abdomen 31 (50%)
Mediastinum 8(12.9%)
Cervical lymph nodes 23 (37%)

SD: standard deviation; NHL: non-hodgkin lymphoma; R2: risk group 2; R3: risk group 3; R4: risk group 4
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Table 2. Diagnosis of patients with primary immunodeficiencies

No Primary Diagnosis Type of NHL
1 Nijmegen Breakage Syndrome BL

2 XLF deficiency DLBCL

3 CD137 deficiency DLBCL

4 TNFRSF13B mutation DLBCL

5 MSH6 mutation DLBCL

6 FCHO1 deficiency DLBCL

7 FCHO1 deficiency DLBCL

8 RASGRP1 mutation DLBCL

9 DIAPH1-Deficiency Plasmoblastic Lymphoma
10 IL-2 gamma receptor deficiency DLBCL

BL: burkitt lymphoma; DLBCL: diffuse large B cell lymphoma

Considering the treatment regimens utilized in therapy,
NHL-BFM protocol was initiated in 42 patients (67.7%)
based on the risk groups, EPOCH (etoposide, prednisone,
vincristine, cyclophosphamide and doxorubicin) in 5
patients (8%), CHOP (cyclophosphamide, doxorubicin,
vincristine and prednisone) in 11 patients (17.7%) with
primary immunodeficiency (PID), and LMB89 protocol in
4 patients (6.4%). The demographical data of the whole
cohort and the exact diagnosis of the 10 (16.1%) patients
with PID are available in Table 1 and Table 2, respectively.

RTX was utilized in 45 (72.5%) patients with a mean
number of applications of 5.1+2.7 times and a median of
5 times (minimum 1- maximum 17 times) with the dose of
375 mg/m.? All the patients with PID received RTX. Before
the intravenous administration of RTX, premedication with
antihistamine and analgesic drugs was utilized. No adverse
events related to administration were observed. Twenty-
three patients (51.1%) had intravenous immunoglobulin
(IVIG) in addition to RTX treatment.

Regarding the laboratory evaluation on admission, five
patients (8%) had leukopenia with WBC <5000/ mm?3
and three patients (4.8%) had PLT levels < 100,000/
mm?Z. Neutropenia was present in 2 patients (3.2%) and
lymphopenia in 6 patients (9.6%). Impaired renal functions
were detected in only two patients (3.2%) and elevation in
transaminases in 12 (19.3%) patients. Mean LDH level was
655 U/L #915 U/L and median 428 U/L (minimum 191 U/L-
maximum 6564 U/L). The mean uric acid level was 5.6 mg/dlI
+3.7 mg/dl, and the median was 5.4 mg/dl (minimum 1mg/
dl- maximum 29 mg/dl). Regarding LDH levels, patients
with LDH levels below 400 U/L (n:27, 43.5%) had 5-year
EFS and OS of 88.9% and 96.3%, respectively. Whereas

patients with LDH levels >400 U/L (n:32, 51.6%) had 5-year
EFS of 49.6% and OS of 70.7%. The differences between the
groups were statistically significant, with p level of 0.004 for
EFS and 0.015 for OS, and available in Figure 1.

Febrile neutropenia (FEN) was determined in 46 patients
(74.1%). The mean number of FEN episodes was 2.8+1.2,
and the median number was 1 (minimum O- maximum
4). Seven patients with FEN had intensive care unit (ICU)
admission. Documented fungal infections were observed in
3 of the patients. One of them was the patient with PID
who died owing to Candida parapsilosis sepsis. The second
patient’s primary diagnosis was cystic fibrosis (CF), and had
recovered from DLBCL. Candida albicans sepsis resulted in
the mortality of this patient. The third one was diagnosed
with BL; no underlying disease was present. The blood
cultures resulted in Candida parapsilosis in this patient as
well.

Twelve of the patients (19.3%) died. All of these patients had
RTXin treatment. Of them, seven patients had the diagnosis
of primary immunodeficiency, and one was presented
as a posttransplant lymphoproliferative disease owing
to immunosuppression after liver transplant. Regarding
the rest of the patients, 2 of them had disseminated
disease with bone and bone marrow involvement, 1 CNS
involvement, and 1 had refractory ALBCL.

5-year EFS for the whole group was 67.2%, whereas 76.5%
in the group received RTX, excluding the patients with PID
and 73.2% who did not. The difference was not statistically
significant, with a p-value of 0.53. The mean follow-up time
was 7.2 (+5.3) years. 5-year OS was 81.3% in the whole
cohort. Survival analyses are available in Figure 2.
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Figure 1. Event-free and overall survival depending on the LDH levels on admission
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DISCUSSION

Rituximab has been widely recognized for its efficacy in
treating B-NHL, significantly improving OS and EFS rates in
various histological subtypes. B-NHL, one of the highest-
grade diseases in childhood, needs prompt management
with a multidisciplinary approach. The mean age at onset
is reported to be around 10 years in literature, which
was 8.73 years for our retrospective cohort.’® Qur cohort
demonstrated a male dominancy, similar to the literature,
except for primary mediastinal B-cell Lymphoma.?>'® The
effects of age and gender have been evaluated in large-
scale cohorts in literature. These studies disclosed that age
and gender have impacts on both OS and EFS based on the
histological subtype.

In literature, both acquired and inherited
immunodeficiencies are disclosed to be related to
malignancy predisposition. Regarding the PIDs, NHL is
the most common malignancy, followed by Hodgkin
Lymphoma.’*®  Comparing the immunocompetent
patients, patients with underlying immunodeficiency
have dismal survival rates. However, in the era of targeted
therapies and monoclonal antibodies, the survival rates
and toxicities related to chemotherapy courses have
been improved.'®? Qur results in the present cohort are
compatible. The patients enrolled in the study with PID had
a quite high mortality rate even with the treatment of RTX.
These results can be attributed to the high rates of febrile
neutropenia episodes, delayed diagnosis, and disseminated
disease.’>®

In the present study, the most frequent pathologic subtype
was BL, which is compatible with the literature.’® Besides,
as expected, the most common site of BL was the abdomen,
detected in 23/33 cases (69.6%). Most of our patients were
diagnosed at advanced stages, such as stage lll and IV
determined in 46 patients (74.1%). This can be attributed
to our small sample size, which cannot represent the
national data. Besides, since the contributing centers are
tertiary reference centers, patients with advanced diseases
were consulted.

Over the last century, survival rates of mature B-cell NHL
have improved significantly, with an OS of over 90%.%
The prognostic factors that have a dismal effect on
survival account for high-stage, elevated LDH levels and
involvement of bone marrow and/or CNS on admission.
Besides, unresponsiveness to therapy is a poor prognostic
factor. RTX has been proven efficient in treating adults
NHL and is considered a standard of care.?*?? However,
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the prognosis and response rates can differ in adults and
children, depending on molecular anomalies or different
subtypes arising in different ages. Also, compared to
adults, treatment with chemotherapy alone still has
superior outcomes in children and adolescents. Despite
a better prognosis, life-threatening complications may
arise due to intensive chemotherapy regimens, resulting
in treatment failure. Besides, RTX is a highly specific and
sensitive monoclonal antibody against CD20 antigen,
which is expressed in the mature B cells homogeneously.
Owing to these reasons, RTX has been evaluated in
the first-line therapy in addition to chemotherapy with
reduced intensity both in terms of efficacy and toxicities in
childhood.?** In our retrospective cohort study, RTX was
administered as an adjunct to standard treatment in high-
risk patients to facilitate rapid and effective disease control
and in conjunction with low-intensity chemotherapy
in immunocompromised patients to achieve disease
control. Minard-Colin et al.?»* conducted a large-scale,
international, randomized phase 3 trial and disclosed that
integration of RTX to standard lymphoma regimens provides
a survival advantage in both EFS and OS, especially in high-
risk patients defined as stage Il disease with an elevated
LDH or stage IV disease.?”?* Consistently, the efficacy and
safety of rituximab in combination with LMB chemotherapy
for children with high-risk mature B-NHL have been further
supported by a Japanese multicenter trial, demonstrating
a three-year event-free survival of 97.7% and an overall
survival of 100%, reinforcing the robustness of RTX-based
regimens in diverse populations.?® Although not statistically
significant, an EFS advantage can be attributed to the RTX
in the current retrospective cohort when the patients
with PID are excluded. On the other hand, adverse events,
hypogammaglobulinemia, and infectious episodes were
increased in the RTX arm, which is not comparable with
our cohort.?** Prior to this phase 3 international trial,
a phase 2 study was conducted to search for the effect
of utilizing RTX alone in newly diagnosed patients. It was
disclosed that 21% of the patients responded within the
5 days before the chemotherapy regimen was initiated.?
Also, primary mediastinal B-cell lymphomas have a dismal
outcome compared to other B-cell NHL subtypes. Recently,
Knorr et al. disclosed that implementing RTX with the
EPOCH regimen has resulted in better survival rates. On
the other hand, owing to the CNS relapses in their cohort,
they addressed that large-scale randomized, controlled,
and collaborative trials are needed to prevent CNS disease
and improve outcomes.® Despite the promising and
significantly improved outcomes, the accessibility can be
a limitation owing to the economic burden on individual
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centers, highlighting a critical challenge in the broader
implementation of this treatment in low- and middle-
income countries.?®

Standard and low-risk NHL patients have almost 97% OS
after chemotherapy alone, which is a great response,
so initiation of RTX in these patients is debated owing to
reported increased adverse events.?*** However, in our
small-scale retrospective cohort, no elevation in adverse
events was observed. Despite the fact that our study has
major limitations, such as its retrospective nature and
insufficient number of patients, it is obvious that RTX may
has a survival advantage in the high-grade B-cell NHL.
The addition of RTX to the cytotoxic treatment is safe in
terms of side effects and is likely to contribute to event-
free survival. Risk based and tailored treatment options are
gaining importance in treating high-grade B-cell NHL.
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