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Abstract

Background—Localized lymphoblastic lymphoma is rare in pediatric patients. We report the
5-year event-free survival (EFS) and overall (OS) for children and adolescents with localized
lymphoblastic lymphoma (LL) treated on a uniform regimen based on Children’s Cancer Group
(CCG) leukemia therapy (COG A5971).
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Procedure—From June 2000 to October 2005, the study enrolled 60 patients > 12 months

old with Murphy stages I or Il lymphoblastic lymphoma. Central review confirmed 56 eligible
patients. Treatment consisted of 24 months of CCG BFM without day 28 intrathecal methotrexate
in maintenance therapy or prophylactic cranial radiation.

Results—Most patients had pre-B immunophenotype (75%). At a median follow-up of 5.9 years
(range 1.4 — 9.3 years), the 5-year EFS was 90% (95% Confidence Interval [ClI], 78 — 96%) and
the 5-year OS was 96% (95% ClI, 84 — 99%). Stage (I vs. Il), immunophenotype, elevated LDH >
institutional normal, or primary site did not impact outcome. Five relapses occurred - none in the
CNS and none in patients with pre-T lymphoblastic disease. Patients tolerated treatment well with
no toxic deaths.

Conclusion—Outcomes of pediatric patients with localized LL treated with 2 years of intensive
ALL-type therapy was excellent and is similar to the outcome for standard risk ALL treated less
intensively. CNS prophylaxis was adequate with limited intrathecal methotrexate and no radiation.
Future studies should identify biologic prognostic factors or biomarkers for pediatric patients
with LL, explore less intensive treatment for patients with localized disease, and explore novel
immunophenotype directed therapies.
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INTRODUCTION

Children and adolescents with lymphoblastic lymphoma (LL) present with localized disease
much less frequently than disseminated disease [1]. The best treatment for patients with
localized LL is unknown, with historical data confounded by small numbers of patients and
different therapies.

LSA2L 2 (cyclophosphamide, vincristine, methotrexate, prednisone, daunomycin,
cytarabine, thioguanine, asparaginase, hydroxyurea, and carmustine) became an early gold
standard for treating all stages of LL based on single institution studies [2,3]. Several
international cooperative groups modified this therapy including the Children’s Cancer
Group (CCG), the French (Malignant Lymphoma Therapy) LMT, and the Italian Association
of Pediatric Hematology and Oncology (AIEOP) [4-7]. The Berlin-Frankfurt-Muenster
group (BFM) historically treated children with localized lymphoblastic lymphoma on trials
geared towards specific immunophenotype [8-11].

The largest published study of localized LL (n=50) tested two durations of CHOP therapy
(cyclophosphamide, hydroxydaunomycin, vincristine and prednisone) and no radiation to
the primary site of disease. The 5-year EFS in patients with LL was inferior (63%) to

other histological subtypes (88%). Fifty-seven percent of children with localized LL who
received 9 weeks of therapy relapsed, whereas thirty percent of children receiving 8 months
of chemotherapy with or without irradiation relapsed [12].

The Children’s Oncology Group (COG) trial A5971 enrolled patients from 2000 to 2005 and
included all newly diagnosed patients with lymphoblastic lymphoma. Patients with Murphy
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stage | and Il were non-randomly assigned therapy on a modified Children’s Cancer Study
Group (CCG BFM) acute lymphoblastic leukemia regimen, as previously described [13].
This report describes the clinical features and the outcome of children and adolescents with
localized LL uniformly treated on the A5971 trial.

From June 15, 2000 to October 7, 2005, 60 newly diagnosed patients over 12 months of
age enrolled on COG A5971 with localized LL (Murphy stages | and I1) and with either T
or B cell immunophenotype. Staging procedures included: bilateral bone marrow aspirates
and biopsies, lumbar puncture, CT of chest, abdomen, and pelvis, frontal and lateral chest
x-ray, and gallium scan if available, or PET later in the conduct of the study. Patients

with bone symptoms underwent a technitium bone scan. Response assessment included a
gallium or PET scan and CT after two weeks of therapy. The end of induction and end of
consolidation assessment included a gallium (or PET) scan, and repeat CT scans positive

at diagnosis. Institutions repeated bone scans, if positive, per institutional standards. The
protocol required repeat gallium or PET scans, once negative, only in the presence of
residual disease on CT scan. Stage | bone disease was defined as a single lesion; Stage Il
bone disease as more than 1 bone lesion on the same side of the diaphragm or a single bone
lesion with involved regional lymph nodes. Beginning January 13, 2003, the upper age limit
increased from 22 to 30 years to open the trial to young adults. Two hundred thirty COG
institutions participated in the study. All enrolling sites obtained Institutional Review Board
approval. Institutional investigators obtained informed consent for all participants.

Pathology Review methods

Central pathology review consisted of examination of morphology and immunophenotypic
and any available genetic data from the original diagnostic biopsy to confirm the submission
diagnosis and assign phenotypic lineage. Study pathologists reviewed morphology on
submitted slides and performed centralized immunophenotyping including staining with a
limited panel of commercially available antibodies to confirm phenotype that included CD3,
CD43, CD45R0, CD79a, CD20, and terminal deoxytidyltransferase (TdT) (Supplemental
material). Four micron sections underwent immunoperoxidase staining by standard methods
using heat induced epitope retrieval (HIER) for most antibodies and an automated stainer
(ES, Ventana Medical Systems, Tucson, AZ) (Supplemental material). All steps took place
at 40°C. Appropriate positive and negative controls were performed for each antibody.

A case was scored as positive if >50% of the tumor cells stained for the antibody

evaluated. In most cases, the tumor cells showed relatively uniform expression of the
antigens tested with >90% expression. Two hematopathologists (SLP, MAL) independently
reviewed all cases and immunoperoxidase stains. They reviewed discrepant diagnoses at a
multi-headed microscope to reach a consensus. When no tissue was available for central
pathology review, the review pathologists used the initial institutional pathology reports and
immunophenotypic studies to confirm eligibility.
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Patients with localized disease received non-randomized treatment on CCG BFM without
the day 28 intrathecal methotrexate doses during maintenance therapy, as previously
described [13]. Treatment consisted of 5 phases: induction, consolidation, interim
maintenance, delayed intensification, and maintenance. Total duration of therapy was 24
months from diagnosis. Details of the treatment regimen are included in Supplementary
material online. Patients received 175 mg/m? of anthracycline and 3 grams/m?2 of
cyclophosphamide. Toxicities were graded by the NCI CTC version 2.0.

Response criteria

The study used the product of the two largest diameters of the tumor to define

response. Patients underwent a rapid response assessment after two weeks of induction
therapy. Institutions repeated positive studies at the end of induction and consolidation.
Disappearance of all clinical evidence of disease by physical examination, imaging, or a
negative biopsy of lesions showing residual abnormality by imaging, constituted a complete
remission (CR1). A 55% reduction in tumor area with a negative radionuclide scan was
defined as CR2. A decrease in tumor area of 30% constituted a partial response (PR). An
increase of more than 25% in tumor area or new disease at a previously uninvolved site was
progressive disease (PD). Relapsed disease was tumor at any previously uninvolved site in
patients who had a prior complete response. Response not meeting criteria for CR1, CR2,
PR, PD, or relapse represented stable disease.

Statistical Analysis

RESULTS

Event-free survival (EFS) was calculated from the time of registration to the first occurrence
of progression, relapse, death, or date last seen for patients who remain alive and disease-
free. Overall survival (OS) was calculated from the time of registration to death from any
cause or date last seen for patients who remain alive. Both the event-free and overall survival
distributions were estimated using the Kaplan-Meier method. The log-rank test was used to
compare estimated survival distributions by patient characteristics.

Patient Characteristics

From June 2000 to October 2005, 60 patients with localized disease enrolled on the COG
Ab971 study and 56 received protocol therapy. Central review found four patients ineligible:
one with a peripheral T-cell lymphoma, one with Burkitt lymphoma, one with leukemia,
and one with Stage |11 disease. Table | shows the patient characteristics of the 56 eligible
patients. The head and neck area accounted for 66% of the primary sites. In the head and
neck cases, nodal disease comprised 49% and skin/subcutaneous tissue 41%. The remaining
head and neck involvement consisted of salivary glands, gingiva, tonsil, and sinus. One was
not specified. Bone primaries represented 18% of cases. Seven of 56 (13%) patients had a
LDH above the institutional upper limit of normal (ULN). The mean age at diagnosis is 7.4
years (Standard Deviation, 5.0 years; range 1.4 — 24.5 years). Seven (13%) of the patients
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were over the age of 15 years at enrollment. Almost 60% of patients are male. The median

duration of follow-up for surviving patients is 5.9 years (range 1.4 — 9.3 years).

Pathology Review

Responses

Survival

Relapse

Of the 56 eligible cases, 35 had fixed tissue slides available for retrospective central
pathology review, which confirmed a precursor B-cell phenotype for 29 cases (83%), and

a precursor T-cell phenotype for five cases (14%). One reviewed case was unable to be
assigned a definitive immunophenotype with the limited staining panel used in this protocol
as it co-expressed both CD3 (T-cell marker) and CD79a (B-cell marker). Retrospectively,
this case underwent further immunophenotyping with additional antibodies and showed
positivity for CD2, CD5 and CD7 but was negative for CD19, confirming a T-cell phenotype
with aberrant co-expression of CD79a, as is well described in the literature [14]. Fifteen
additional cases underwent chart review of institutional pathology and immunophenotyping
without central pathology review or immunophenotypic analysis. Of the total 50 reviewed
cases, 42 cases exhibited precursor B phenotype (84%) and eight cases precursor T
phenotype (16%). Six cases were not reviewed (11% of the total eligible patients) due to a
lack of submitted materials or reports.

Disease response was as follows: 22/39 (56%) achieved a CR1 or CR2 (55% tumor size
reduction with negative radionuclide scan) at 2 weeks, 33/49 (67%) at the end of induction,
and 32/43 (74%) at the end of consolidation. No progressions occurred during induction or
consolidation therapy.

The 5-year event-free survival for patients with localized disease was 90% (95% Confidence
Interval [CI], 78-96%) and the 5-year overall survival was 96% (95% CI, 84-99%) (Figure
1). There was no significant difference between overall or event-free survival by Stage (I

vs. 1) or immunophenotype (Table I). There was no statistically significant difference in
event-free or overall survival for patients with elevated LDH, primary site, or age (Table I).
There were too few failures to determine if response correlated with death or failure.

Five patients relapsed, four with pre-B immunophenotype and one with unknown
immunophenotype. No pre-T immunophenotype patients experienced an event. One relapse
occurred on therapy (9 months, local recurrence at the site of a Stage | bone primary)

and one patient relapsed in the bone marrow a month after therapy completion (primary
site, scalp). None of the other nine patients with bone primaries relapsed. Three relapses
occurred later: at 37 months, 38 months, and 54 months from diagnosis. All three had
lymph node primaries, two in the head and neck region. Sites of late relapse included local
(n=1), isolated marrow (n=1), and local with dissemination including nodal, bone, and bone
marrow (n=1). The five relapsed patients demonstrated the following response evaluations:
2/2 had CR1 or CR2 (3 not evaluated) at 2 weeks, 3/5 were CR1 or CR2, 1/5 PR, and 1

SD at the end of induction, and 3/4 CR1 or CR2, and 1/4 SD at the end of consolidation.
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Salvage was poor; four of the five relapsed patients are deceased. The fifth is lost to
follow-up.

Toxicity of treatment

Overall, patients tolerated therapy well. No deaths from toxicity occurred. Grade 3 and

4 toxicities occurred in less than 10% of patients during induction therapy, with the
exception of grade 3 or 4 elevation of ALT, which occurred in 17.5%. Consolidation therapy
produced grade 3 or 4 hematologic toxicity (28% for neutropenia, 79% for anemia, and 61%
for thrombocytopenia) and 35% grade 3 or 4 febrile neutropenia. Delayed intensification
produced a similar toxicity profile to consolidation. Two patients developed osteonecrosis.

Two secondary malignancies occurred in the 56 patients. One patient with primary disease
in a cervical lymph node developed a pelvic Ewing’s sarcoma 4 years after diagnosis (alive
at last follow up) and another patient with a neck lymph node primary developed secondary
acute myelogenous leukemia 5 years after diagnosis after treatment for relapse (deceased). If
the statisticians counted the two secondary malignancies as events, the 5-year EFS was 88%
(95% Cl, 76 — 95%).

DISCUSSION

This represents the largest series of children and adolescents with localized LL treated on
uniform therapy. Historically, investigators used two underlying treatment approaches for
this population: LSA2L2 and BFM.

In the original single institution study, LSA2L2 produced 88% 5-year overall and event-free
survival in patients with localized disease (n=8) [2,3]. Two sequential studies by the CCG
using a modified LSA2L2 produced a long-term event-free survival of 84% [4,5]. Eight
patients with localized LL treated with a LSA2L2 backbone augmented with ten additional
doses of methotrexate at 3 grams/m? by the French (LMT81) demonstrated EFS at 29
months of 73% with no relapses [6]. From 1992 to 1997, the Italian Association of Pediatric
Hematology and Oncology treated children with lymphoblastic lymphoma on a modified
LSA2L2 protocol including 3 grams/m? methotrexate and maintenance therapy of oral
6-mercaptopurine and oral methotrexate. Patients with localized disease received therapy for
11 months. Five children with localized disease enrolled and their 5-year EFS was 100% [7].

The European Organization for Research and Treatment of Cancer (EORTC) treated 14
children with localized pre-T LL using 24 months of Acute Lymphoblastic Leukemia (ALL)
type therapy (BFM backbone). For Stage | patients, they demonstrated a 6-year EFS of 86%
(13.2% Standard Error) and for Stage Il patients, 64% (21.0% Standard Error) [8]. Eleven
children with localized pre-T LL enrolled on BFM NHL 86 and 90. They received intensive
induction and consolidation therapy with maintenance therapy extending 24 months from
diagnosis. The patients with Stage | or Il disease did not receive a delayed intensification
phase. Of the six evaluable patients on BFM NHL 86, two relapsed, but none of the four
patients on BFM NHL 90 relapsed [9,10]. Ten patients with localized pre-B LL enrolled

on BFM studies receiving either pre-B ALL therapy (n=7) or B-NHL therapy (n=3). One
patient relapsed after receiving pre-B ALL type therapy [11]. None of twenty-one patients
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with stages | and Il pre-B LL treated on LMT 96, EORTC 58881, and EORTC 58951
relapsed or progressed given therapy with a delayed intensified phase. The 5-year EFS was
93% (95%ClI, 77-98%) and 5-year OS was 96% (95%Cl, 82-99%) for combined stages I, Il,
and 111 [15]. Our study showing that a 24-month regimen of BFM based therapy used for
patients with ALL produces a 5-year EFS and OS of 90% and 96% respectively, compares
favorably with prior studies [2-6,8,9,11,12,16,17].

This study confirmed observations made by others. The pattern of primary sites in pediatric
localized LL in the A5971 reflects historical descriptions with frequent skin, subcutaneous,
nodal, and bone involvement [3,5,6,11,12]. Ten patients had bone primaries. This report
confirmed excellent outcome of localized bone LL [18,19]. This study also confirmed
localized LL as predominantly a pre-B lymphoblastic disease with the median age and
gender predilection more similar to pre-B ALL than pre-T LL [1]. The only other large study
of localized LL occurred prior to routine immunophenotyping [12].

The outcome of patients with localized LL on A5971 was better than that of patients with
disseminated LL treated contemporaneously [5-year EFS 82% (95% ClI, 77% - 86%) and
0OS 85% (95% CI, 80% - 89%)] [20]. The outcomes were similar to those of children with
standard risk pre-B ALL. Standard risk pre-B ALL patients undergoing the methotrexate
randomization in interim maintenance on COG 1991 had a 5-year EFS and OS of 90% and
96% respectively [21]. Standard risk and medium risk patients treated on ALL-BFM 95 also
had a similar outcome to these localized LL patients with a 6- year EFS of 90% and 80%
respectively [22]. It is notable that no child with pre-T LL relapsed (n=8) and EFS for that
group was 100% at 5 years. This contrasted to the EORTC report, but represented a very
small number of patients [8].

Relapse occurred locally and a distant sites. In contrast to reports of excellent short

term salvage rates in patients with relapsed localized LL, this study supported literature
documenting the difficulty in salvaging patients with recurrent LL, with four of five
deceased [4,8,12,23]. No CNS relapses occurred. CNS directed therapy consisted of
intrathecal methotrexate, indicating this was adequate to prevent CNS relapse. The
randomized portion of the A5971 trial demonstrated no difference in EFS between 5 gm/m?
methotrexate and intrathecal methotrexate [20]. Infusional methotrexate during interim
maintenance proved superior in trials of acute lymphoblastic leukemia [21]. Methotrexate
was used in the French LMT studies but not in the EORTC studies, with excellent outcome
[15]. Its role in the treatment of localized disease is unknown.

The high-risk ALL therapy used in this study exposed patients to 175 mg/m?2 of
anthracycline and 3 grams/m? of cyclophosphamide. The EORTC used 180 mg/m? of
anthracycline and 2 grams/m? of cycophosphamide with excellent outcome in stage

I and 11 disease [15]. BFM decreased the anthracycline exposure to 120 mg/m?2 and
cyclophosphamide to 2 grams/m2 in BFM 90, also with excellent results [9-11]. The
current regimen in COG for standard risk ALL, based on CCG 1991, does not use
anthracycline in induction or consolidation, for a total exposure of 75 mg/m2. It also
eliminates cyclophosphamide in consolidation and exposes patients to only 1 gram/m2.
It uses intravenous PEG-asparaginase and dexamethasone in induction. From historical
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data, decreasing duration of standard cytotoxic chemotherapy is not prudent in this patient
population, but there is a precedent to decreasing exposure of select agents [12].

Establishing prognostic factors for outcome is important for a disease where salvage therapy
is not associated with high cure rates. This study demonstrated that Stage | vs. 11, LDH,
primary site, and age (above and below 10 years) were not prognostic in localized disease,
although the numbers of patients were small. The immunophenotypic analysis allowed by
the protocol was limited to lineage assessment only and was not sufficiently extensive to
allow for assignment of stage of blast differentiation, as advocated in a recent study by the
European Childhood Lymphoma Pathology Panel [24]. Over 50% of patients undergoing
radiographic evaluation after 2 weeks of therapy had at least a 55% reduction in tumor area
(31% had complete resolution). Unfortunately, the numbers were too small to determine
the predictive value of early radiographic disease response in the subset of patients with
localized disease. A more detailed analysis of the imaging responses is pending for the
A5971 study. It remains to be determined if initial response by gallium scan (or PET) will
help predict those at risk of local recurrence.

We see the evolution of markers that may be predictive of systemic recurrence in pre-T LL
and pre-B ALL [25,26]. Improved understanding of the biology of lymphoblastic disease
is emerging [26-32]. Techniques to determine minimal residual disease may help predict
patients at risk of marrow relapse [33]. Patients with localized disease did not undergo
minimal residual disease testing on this study.

The number of children and adolescents diagnosed with localized LL limits the possibility of
randomized phase 111 trials focusing on therapeutic questions such as the backbone therapy
and CNS prophylaxis. Future trials should include a uniform backbone therapy based on
current treatment for standard risk ALL, with close monitoring for therapeutic failures,
testing biomarkers for recurrence, and integration of novel agents specifically targeting the T
and B disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Patient characteristics and outcome by stage, immunophenotype, LDH, primary site and age.

Table I.

Variable Number (%) | 5-year OS (%) (95% Cl) | 5-year EFS (%)(95% CI)
Stage
I 31 (54) 96% (76%-99%) 89% (70%-96%)
I 20  (36) 94% (65%-99%) 89% (64%-97%)
p-value 0.41 0.98
Immunophenotype
Pre-B 2 (75 94% (79%-99%) 90% (74%-96%)
Pre-T 8 (16) 100% 100%
p-value 0.46 0.39
LDH
</= ULN 49 (87) 95% (82%-99%) 89% (75%-95%)
>ULN 7 (13) 100% 100%
p-value 0.53 0.39
Primary Site
Bone 10 (18) 100% 90% (47%-99%)
Head & Neck 37 (66) 96% (T7%-99%) 91% (74%-97%)
Non-head & Neck 7 (13) 83% (27%-97%) 83% (27%-97%)
p-value 0.48 0.85
Age
<10 years 35 (63) 94% (77%-98%) 91% (75%-97%)
> 10 years 21 (37) 100% 90% (64%-97%)
p-value 0.95 0.77

Pediatr Blood Cancer. Author manuscript; available in PMC 2024 May 07.

Page 13



	Abstract
	INTRODUCTION
	METHODS
	Patients
	Pathology Review methods
	Treatment
	Response criteria
	Statistical Analysis

	RESULTS
	Patient Characteristics
	Pathology Review
	Responses
	Survival
	Relapse
	Toxicity of treatment

	DISCUSSION
	References
	Figure 1.
	Table I.

