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Background

In children, nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is an uncommon subtype of Hodgkin lymphoma. Given the lack of data on the best chemotherapy regimen, there is a knowledge gap in best management.





Methods

This retrospective study included all pediatric patients with NLPHL diagnosed and treated at the Children’s Cancer Hospital, Egypt (2007–2018). We analyzed the clinical characteristics, and treatment outcome according to disease stage (early and advanced), treatment strategy (doxorubicin, bleomycin, vinblastine, and dacarbazine [ABVD] or rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone [R-CHOP] and explored the prognostic factors for progression-free survival.





Results

The median age at diagnosis was 12 years; 40 (68%) patients had early-stage disease, and 19 (32%) had advanced-stage disease. The median follow-up was 70 months; the 5-year EFS and OS were 75% and 97%, respectively. The 5-year EFS was 78% for early-stage disease and 60% for advanced-stage disease; the 5-year OS was 100% for early-stage disease and 88% for advanced-stage disease. The patients who underwent R-CHOP had a better 3-year EFS (100%) compared with those who underwent ABVD (65%) regimen (P = 0.01). Seventeen (25%) patients relapsed: 9/40 (22%) had early-stage disease, and 8/19 (42%) had advanced-stage disease. Splenic involvement, mediastinal disease, extranodal disease, and slow early response were independent predictors of relapse risk.





Conclusion

Pediatric patients with early-stage NLPHL have an excellent prognosis, with a 5-year OS of 100%. However, those with advanced stages had a high relapse rate. R-CHOP was associated with a better response and relapse-free rate than ABVD.
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1 Introduction

Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is an uncommon subtype of Hodgkin lymphoma (HL) occurring in children, accounting for 5%–10% of all pediatric cases of HL (1–3). NLPHL represents a distinct histopathological form of B-cell lymphoma, with a favorable prognosis (4, 5), and has clinical features such as localized disease at presentation, peripheral nodal involvement, and fewer unfavorable features (6, 7). In adults, the reported incidence of transformation to B-NHL ranges from 2% - to 17%. In contrast, the risk of transformation in children is unknown with splenic involvement, prior exposure to chemotherapy, and variant-pattern being the main risk factors (6, 8).

Pediatric patients with NLPHL with favorable features of early-stage disease have excellent outcomes with surgical resection only or with minimal chemotherapy. However, for patients with NLPHL with unfavorable features, such as advanced-stage disease, bulky disease, and B symptoms, their management is less clear due to their small numbers in clinical trials (9). Treatment with doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) is associated with a high 10-year rate of recurrence and a histologic transformation into DLBCL of 40% (10). Given that clinical similarity to indolent B-NHL with an overall response rate of 100% after anti-CD20 antibody treatment with rituximab, treatment with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone [R-CHOP] has been considered a promising alternative to the ABVD regimen (11, 12). Despite the lack of guidelines for the optimal therapeutic strategy for children with NLPHL, the outcomes tend to be excellent, with overall survival (OS) approaching 100% in most studies and event-free survival (EFS) varying depending on the therapy undergone (13–15).

There have been scant published data from Africa on NLPHL, including data on the best chemotherapy regimen and the impact of rituximab-containing regimens on the outcomes of children with NLPHL. We reported the clinical characteristics, prognostic factors for relapse, and treatment outcomes among 59 children with NLPHL diagnosed and treated at the Children’s Cancer Hospital Egypt (CCHE).




2 Patients and methods

This retrospective study included all newly diagnosed pediatric (≤ 18 years) patients with NLPHL treated in a large pediatric oncology center [Children’s Cancer Hospital, Egypt (CCHE)] in a low-middle-income country between (2007 -2018). Patients with NLPHL with ataxia telangiectasia or immunodeficiency were excluded. Of 1428 pediatric patients diagnosed with classic HL, 59 (4%) children were NLPHL. The disease staging was determined according to the Ann Arbor system (16), which included clinical history, physical examination, and positron emission tomography-computed tomography (PET-CT). The early stages were classified as stages I and II, and the advanced stages III and IV. A pathology review was done by two expert specialists in hemato-pathologists in our center for such rare disease entity and to rule out alternative diagnosis. Diagnosis based on both morphology and immunohistochemistry (ICH): Morphology based on characteristics of nodal tissue showed vague nodules of small lymphocytes with sparse and scattered large LP cells having multilobulated nuclei, finely granular chromatin, and variable small nucleoli. Immunohistochemical assessment based on the strong positive reaction of these large cells to CD20 and BCL6, while negative reaction to CD30 and CD15. CD20 and CD3 also stain reactive B and T lymphocytes in the background respectively with detected T cell rosettes surrounding large LP cells. CD21 is used to assure the presence of residual follicular dendritic cells within the neoplastic nodules, to exclude the possibility of T-cell/histiocyte-rich B-cell Non-Hodgkin lymphoma. This study was approved by the Scientific Advisory Committee (SMAC) and the Institutional Review Board (IRB) of our institution (Children Cancer Hospital Egypt). Informed consent was obtained before diagnostic assessment or therapy was initiated.



2.1 Definitions

Bulky disease was defined as a mediastinal nodal mass with a horizontal diameter of >1/3 the thoracic diameter or a single lymph node or continuous aggregate of nodal tissue outside the mediastinum measuring > 6 cm in the longest diameter. The extranodal disease was defined as a localized disease arising in or extending to extra lymphatic sites (14). Relapse was documented by biopsy and radiological examination in all patients except one, whose relapse was based only on clinical and radiological progression.




2.2 Treatment strategy

As a rare disease with limited data, we don’t have a standard protocol for NLPHL in children. Before 2015, patients with NLPHL were treated like classic HL with a combined modality treatment regimen (ABVD+/- IFRTH), after that we shifted to the R-CHOP regimen. Patients were treated according to the initial staging; those with surgically resected localized stage IA NLPHL without residual disease were closely observed. Patients with early-stage favorable disease (stage I or II without B symptoms, large mediastinal disease, or bulky disease) underwent 4 chemotherapy cycles. Patients with early unfavorable stage disease (B symptoms or bulky disease or large mediastinal disease) or advanced disease (stage III–IV) underwent 6 chemotherapy cycles. We assessed the patients after 2 cycles (early response assessment) and at the end of the chemotherapy (late response assessment). The choice of the investigator to add Involved field radiotherapy (IFRTH) has been made in > 50% of the patients, either low-risk or high-risk. In the era before Rituximab (2007-2014), we were treating patients with NLPHL as classic HL with a combined treatment approach (70%, (25/37) of patients received IFRTH (most of them with early-stage disease). After that, the indication for IFRTH was the inadequate response by PET-CT imaging after the end of chemotherapy. The dose of IFRTH was 1980 cGy (11 fractions), we applied to omit IFRTH for patients with CR after chemotherapy (50%, (8/16) received RTH, all those patients with advanced stage).” (Figure 1). Salvage chemotherapy for relapsed patients included ICE (Ifosfamide, carboplatin, and etoposide) regimen, with a total number of cycles of 4-6 cycles. If the patient achieved CR, then consolidation by auto-HSCT if indicated, Vinorelbine-Gemcitabine was used if additional chemotherapy needed to achieve a complete remission.




Figure 1 | Treatment strategies for nodular lymphocyte-predominant Hodgkin lymphoma according to disease stage.



The indications for HSCT among our population group were; advanced stage at relapse, refractory disease, those with early relapse < 12 months from diagnosis, and late relapse if poor response to salvage treatment, or first-line treatment included a combined chemo-radiotherapy treatment approach.




2.3 Response evaluation

Definition of response: Complete response/remission (CR) was defined as the resolution of all clinical and radiological diseases with no residual extra mediastinal nodal mass of >2.0 cm and a negative fluorodeoxyglucose (Deauville score is less than 4). Partial response/remission (PR) was defined as a decrease of >50% in the sum of the product of the perpendicular diameters of the target nodes or extranodal lesions. Progressive disease was defined as a ≥50% increase in the product of the perpendicular diameter of any nodal mass lesion or new lesion progression (16, 17).




2.4 Statistical analysis

Descriptive statistics, frequency distributions, and percentages were calculated for the study participants’ baseline characteristics, outcome variables, and other covariates of interest as stage at diagnosis, response to treatment, and chemotherapy treatment regimen. Unpaired comparisons of categorical outcomes were performed with the Chi-square test. A two-sided probability of P < 0.05 was considered statistically significant. Survival curves for event-free survival (EFS) and overall survival (OS)were generated by the Kaplan–Meier method, and the log-rank statistic assessed the differences. Its measurement is calculated from the date of diagnosis to the date of the initial event for patients. The event includes disease relapse/progression or death. OS was defined as the time from diagnosis to death from any cause. The effects of different risk factors on relapse were tested using univariate Cox regression, and the statistically significant variables were reevaluated using a multivariate Cox regression model. Statistical analysis was performed using Statistical Package for SPSS, version 20.





3 Results



3.1 Patient characteristics

The clinical characteristics of the 59 children with confirmed NLPHL are shown in (Table 1). The median age of the entire cohort was 12 years (range, 5–18 years), with a male predominance (male: female,4:1). Forty patients (68%) had early-stage disease while 19 (32%) presented with advanced-stage disease. As regards unfavorable features; most of the patients with mediastinal disease involvement were advanced stage at diagnosis, B symptoms were found in 20% while only 2 (3%) patients had a bulky disease. Splenic involvement and extranodal disease at diagnosis were reported in (17%) and (13%) of the patients respectively.


Table 1 | Clinical characteristics and treatment outcomes of 59 children with nodular lymphocyte-predominant Hodgkin lymphoma.






3.2 Clinical features and treatment modalities among patients with early-stage disease

Out of the 40 patients, 5 had B symptoms and Mediastinal involvement was observed in 2 patients. Surgical excision was done in 6 (15%) patients and were kept under follow-up with only one patient relapsed. Among the remaining 34 patients, 23 received ABVD (17/23, were consolidated with IFRT (1980 cGy)) and 11 patients were treated with R-CHOP (3/11, received IFRT).




3.3 Clinical features and treatment modalities among patients with advanced-stage disease:

Most patients with advanced stage were associated with unfavorable clinical features: the most common was Mediastinal disease (n=11) followed by splenic involvement (n=9). Extranodal site involvement was reported in 11 patients (bone n=6, liver n=2, lungs n=2, bone marrow n=1). ABVD was given in 14 patients (8/14, consolidated by IFRT) and 5 underwent the R-CHOP regimen and received IFRT.




3.4 Toxicity

Chemotherapy was administered on an outpatient basis to all patients. From the ABVD arm, 4 patients had febrile neutropenia requiring admission and antibiotics. Cardiotoxicity with a decrease in cardiac contractility requiring treatment with angiotensin-converting enzyme inhibitors was reported in one patient who underwent ABVD and IFRT.




3.5 Relapse

The clinical features and outcomes of the relapsed patients were shown in (Table 2). Among the entire cohort, 17 patients experienced relapse (time to relapse ranging from 4–132 months) with no transformation or secondary DLBCL observed. Univariate Cox regression analysis showed that those with the mediastinal, splenic, and extranodal disease had significantly higher incidences of relapse (p=0.003, p<0.001 respectively). Regarding the initial stage at diagnosis, Stage IV was correlated with high relapse risk (p <0.001). Of great interest, early response assessment (after 2 cycles) was found to be a significant predictor of relapse (poor responders 8/12 vs good responders 9/47 with p-value <0.001). Using the treatment regimen, R-CHOP was associated with lower relapse risk as compared to ABVD regimen (0/16 for R-CHOP vs 17/37 for ABVD, p=0.002) (Table 3). In the early-stage disease group (n=40), 11 patients received R-CHOP regimen, with 3 of them consolidated with IFRTH (1980 cGy). No relapse was reported in this subgroup. The remaining 23 patients were treated with ABVD (17/23 and were consolidated with IFRT (1980 cGy). Among those, 8 patients experienced a relapse. For the advanced-stage disease group (n=19), 5 patients were treated with R-CHOP and received IFRT without any reported relapse after a median follow-up for 36 months. in contrast, 14 patients received ABVD, with 8 of them consolidated with IFRT. After a median follow-up of 70 months, 8 patients had a relapse in this subgroup (Supplementary Table 1). However, in multivariate analysis, no variables were statistically significant which may be explained by a small number of relapsed patients (Supplementary Table 2). All the relapsed patients received salvage chemotherapy, with 11 patients underwent autologous stem cell transplantation with no subsequent relapse reported.


Table 2 | Treatment data of children with relapse NLPHL (N= 17).




Table 3 | Prognostic factors for relapse among children with nodular lymphocyte-predominant Hodgkin lymphoma.






3.6 Survival

The median follow-up period was 70 months in ABVD group and 36 months for R-CHOP group. The 5-year EFS and OS for the whole study group were 75% and 97%, respectively (Figure 2). Patients with advanced-stage had significantly lower 5-year OS (88% vs 100%, p=0.03) and EFS (60% vs 78%, p=0.03) than those with early-stage disease (Figure 3). In our study analysis, patients who received combined modality therapy exhibited a lower relapse rate (21% [7/33] compared to 45% [9/20]) than the chemotherapy group), reflecting improved 5-year disease-free survival (P = 0.01). However, the combined modality did not significantly affect 5-year overall survival (P = 0.12) (Supplementary Figure 1). Patients who received R-CHOP had a better 3-year EFS compared with ABVD (100% versus 65%, P = 0.04) (Figure 4). Two relapsed patients died, one due to progressive disease and the second because of sepsis during salvage chemotherapy.




Figure 2 | Overall survival (OS) and Event-free survival (EFS) for the pediatric NLPHL patients.






Figure 3 | Overall survival (OS) and Event-free survival (EFS) for the early and advanced stage NLPHL.






Figure 4 | Overall survival (OS) and event-free survival (EFS) for ABVD and R-CHOP regimens. ABVD, Doxorubicin, Bleomycin, Vinblastine, and Dacarbazine; CMT, Combined Modality Treatment; COG, Children’s Oncology Group; CTH, Chemotherapy, CR, Complete Response; EFS, Event Free Survival; FDG-PET, Fluorodeoxyglucose–positron emission tomography; HL, Hodgkin lymphoma; IFRT, Involved-field radiotherapy; NLPHL, Nodular Lymphocyte-Predominant Hodgkin Lymphoma; NHL, Non-Hodgkin Lymphoma; OS, Overall Survival; PD, Progressive Disease; PPD, Product of perpendicular diameters; PR, Partial Response; R-CHOP, Rituximab, Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone.







4 Discussion

Nodular Lymphocyte Predominant (NLPHL) is a rare subtype of Hodgkin lymphoma (HL). Despite its rarity, NLPHL presents distinct clinical features and treatment challenges compared to classical HL. Understanding these features and treatment outcomes is crucial for optimizing patient management. Given the lack of data on the best chemotherapy regimen, there is a knowledge gap in the standard care of management. Our study aimed to describe the clinical features, prognostic factors for relapse, and treatment outcome of pediatric patients with NLPHL treated at a large oncology center in a low-middle income country.

Previous studies reported that the survival of patients with early-stage NLPNL disease exceeds 90% (13, 14, 18). Given excellent long-term survival rates, more effort was focused on limiting treatment-related toxicities and improving quality of life. Some advocate for a watch-and-wait approach in asymptomatic patients with low tumor burden. The Children’s Oncology Group (COG) conducted a chemotherapy-sparing study with 75% of highly selected patients (stage 1A NLPHL) after surgical resection only; all relapsed patients (13 of 52) were salvaged effectively with chemotherapy, with an OS of 100% (14). Furthermore, data from the European network group on pediatric Hodgkin lymphoma (19) among 58 children with early-stage NLPHL who underwent surgical resection reported that a substantial proportion of patients experienced long-term remission with PFS was 67% for the CR group with OS 100% when complete resection was achieved. This aligns with the current results in which long-term remission was reported in 5/6 patients treated with surgery alone, making this chemotherapy-sparing strategy an attractive option for these patients. A short course of low-intensive chemotherapy such as R-CVP (4 cycles) may be an attractive treatment option for unresected early-stage disease. Similarly, these results showed that patients who received R-CHOP regimen had an excellent outcome.

Advanced-stage nodular lymphocyte-predominant Hodgkin lymphoma is very rare. Compared with early-stage disease, this is a biologically aggressive disease with a poor response and a higher relapse rate. There is no consensus regarding the optimal treatment for this disease, although outcomes for patients are excellent when they are treated according to standard regimens for intermediate-risk or high-risk Hodgkin lymphoma (15). However, Xing et al. reported that ABVD might be inadequate for initial therapy for patients with advanced NLPHL and is associated with a higher recurrence rate and histologic transformation into aggressive B-NHL (10). Also, Shankar et al. reported that the pediatric advanced-stage NLPHL relapse rate was double for chemotherapy only when compared with rituximab plus chemotherapy (15% [3/20] vs. 8% [1/12]), taking into consideration a small number of patients and the retrospective nature of the study (20). This is in line with the current results where patients with advanced stage who underwent a rituximab-containing regimen showed better outcomes (Figure 4) and lower relapse risk (0/5 relapsed in the R-CHOP vs. 8/14 in the ABVD group).

In our center, pediatric nLPHL was treated initially as classic HL. Radiotherapy was delivered in around 56% of the patients in combination with high cumulative doses of anthracyclines (ABVD), although the internationally accepted treatment paradigm in pediatric nLPHL treatment is to spare chemotherapy (and radiotherapy) as much as possible in this highly curable entity. Excellent survival rates of close to 100% are reported throughout all consortia and available trials. Similarly, in this study the combined modality had no significant impact on 5-year OS, emphasizing the strategy of radiation-sparing therapy.

Although early response assessment by FDG-PET has been established in classic HL, there is limited evidence for the use of PET-CT during treatment to inform treatment decisions in either adults or children with NLPHL (21, 22). COG protocol (AHOD03P1) omitted RTH for pediatric patients with NLPHL achieving a CR after 3 cycles of AVPC (92% avoided upfront RTH) with excellent overall survival (14). Interestingly, our results showed that early response assessment by PET-CT had a significant impact on the relapse rate (9/47 vs 8/12. P value <0.001). This goes with a recent recommendation from the Hodgkin lymphoma subgroup of the UK National Cancer Research Institute, which recommends a response-adapted approach using low-dose involved-site radiotherapy (ISRT) for patients who have an inadequate response to first-line chemotherapy is a better setting for CMT in patients with early-stage pediatric NLPHL (23).

Although NLPHL has a better overall disease outcome than cHL, several studies have identified worse prognosis with specific risk factors including advanced-stage disease, presence of B symptoms (10), mediastinal lymphadenopathy, splenic involvement, and extra-nodal sites such as liver and/or bone marrow involvement (24). This is consistent with the current results where a higher incidence of relapse was observed among patients with splenic, mediastinal, and extra-nodal disease involvement (p<0.001). Variant histology has been shown to be an independent predictor of poor treatment outcome, advanced-stage disease, and higher risk of recurrent disease in both children and adults. Despite the lack of data about histological variants among our cohort, a previously published study conducted in our institution reported that (25) variant histology was associated with unfavorable clinical characteristics, such as B-symptoms, advanced stage and extranodal disease with 39% of patients with variant histology experienced disease progression or relapse, compared to only 15% of patients with typical patterns. That the presence of unfavorable risk features warrants a more intensive treatment is still controversial and additional analyses are necessary to include it in risk classification and treatment intensification.

Given the rarity of relapsed or primary refractory nLPHL in children and adolescents, data on treatment outcomes are limited and the conduct of randomized trials is challenging. Several factors including relapse histology, prior therapy, type of chemotherapy regimen, and duration of first remission should be taken into consideration (20). A study conducted by Shankar et al., reported that 94% of children diagnosed with NLPHL (including both relapsed cases and poor responders) were effectively treated with second-line chemotherapy or radiotherapy (20). Our analysis revealed that 25% of patients experienced a relapse, with 90% of them responding positively to second-line treatment. Notably,11 patients achieved successful outcomes through autologous stem cell transplantation following salvage chemotherapy. These findings emphasize the importance of tailored treatment approaches for NLPHL patients.

The global nLPHL one working group (GLOW) highlighted in a recent survey that the rarity of this disease, less availability of expert hematopathologists and fewer PET resources may make adapted treatment protocols difficult to execute. A prospective trial is still needed for the development of adapted treatment regimens in LMICs (26). We had a reasonable number of patients and an adequate follow-up duration. The main limitations of our study were the nonuniform treatment of patients either to be treated like HL or by a different strategy, radiotherapy consolidation was allowed to be given at the investigator’s discretion and was not applied in a response-based fashion.

In conclusion, children with NLPHL had highly favorable outcomes. Those with early-stage disease had excellent survival, and more effort should be focused on limiting treatment-related toxicity. Surgical resection can spare chemotherapy in a select group of patients. A short course of low-intensive chemotherapy such as R-CVP (3-4 cycles) may be an attractive treatment option for early-stage disease (unresected stage IA or IIA NLPHL). The patients with advanced-stage disease still had good outcomes; however, the question remains about the optimal regimen. Our data support a potential role for R-CHOP chemotherapy in NLPHL, given that early data showed excellent response rates and remission among our patients. Furthermore, incorporating prognostic unfavorable risk features (B symptoms, mediastinal disease, splenic involvement, and variant histology) along with early response assessments in risk classification and treatment intensification should guide treatment decisions. Long-term follow-up, a larger number of patients, and international collaborative studies are still needed to figure out the optimal treatment for this rare disease.
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