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Background
Lymphoblastic lymphoma (LBL) is the second most common subtype of pediatric 
non-Hodgkin lymphoma. Modified treatments derived from the LSA2-L2 regimen re-
sulted in encouraging survival, but toxicities and long-term sequelae have been 
problematic. At present, the acute lymphoblastic leukemia (ALL)-type protocol has dem-
onstrated efficacy in LBL. We analyzed the outcomes of children and adolescents with 
LBL treated with various regimens.

Methods
From 1991‒2018, this study enrolled 63 patients diagnosed with LBL at Asan Medical 
Center. Medical records were retrospectively analyzed. 

Results
Among 63 patients, most patients (38.1%) presented with stage IV at diagnosis, and two 
had central nervous system (CNS) involvement. At a median follow-up of 160 months, 
the 5-year event free survival (EFS), overall survival (OS), and relapse free survival (RFS) 
were 68.8%, 79.3%, and 71.3%, respectively. Among 61 patients who received chemo-
therapy, 27 patients (44.3%) received the NY protocol, and 14 (23.0%) received the 
ALL-type protocol. There was no significant difference in 5-yr OS (85.2%/78.6%), EFS 
(73.5%/78.6%), and RFS (73.5%/78.6%) between the NY and ALL protocol groups, regard-
less of immunophenotype. Thirteen patients (21.3%) received prophylactic cranial radio-
therapy with no difference in the incidence of CNS relapse based on irradiation.

Conclusion
This study showed no difference in outcome between the NY and ALL-type protocols, 
regardless of stage or immunophenotype. In addition to improving the effectiveness of 
treatment, it is necessary to continuously appraise the appropriate chemotherapy regi-
men, considering toxicities and long-term prognosis, for pediatric LBL.
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INTRODUCTION

Lymphoblastic lymphoma (LBL) is the second most com-
mon subtype of pediatric non-Hodgkin lymphoma (NHL). 
Through the development of an intensified regimen applied 
according to stage, histology, or immunophenotype, the out-
come of pediatric LBL treatment has been improving for 

the past 30 years [1]. 
In the past, the Children’s Cancer Group (CCG) conducted 

separate treatments for LBL and lymphomatous ALL. In 1988, 
two chemotherapeutic strategies used for NHL, the COMP 
(4-drug regimen, cyclophosphamide, vincristine, methotrex-
ate, and prednisolone) and LSA2-L2 (10-drug regimen, cyclo-
phosphamide, vincristine, prednisone, daunomycin, metho-
trexate, cytarabine, thioguanine, asparaginase, and carmus-
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tine) were compared, and the superiority of the LSA2-L2 
protocol was demonstrated in LBL, especially in disseminated 
disease [2, 3]. 

The New York (NY) protocol, which was primarily devel-
oped for ALL, is a modified version of the LSA2-L2 protocol. 
This regimen is characterized by rapid intensive induction 
followed by alternating non-cross-resistant combination 
chemotherapy. Because the LSA2-L2 protocol shows a superi-
or outcome over the 4-drug regimen (COMP) in disseminated 
lymphoma or LBL [2], the NY protocol has been used for 
the treatment of pediatric LBL [4]. This protocol resulted 
in encouraging survival, but toxicities and long-term sequelae 
incurred by intensive chemotherapy have been problematic 
[5, 6]. Therefore, reducing the risk of treatment-related tox-
icities has been discussed in the treatment of pediatric LBL [7].

International study groups, including the Berlin-Frankfurt- 
Münster regimen (BFM) have used reduced doses of an-
thracyclines and cyclophosphamide for pediatric NHL, 
which do not compromise survival outcomes [8]. Likewise, 
prophylactic cranial radiotherapy (PCRT) is no longer in-
cluded in the treatment regimen for LBL because it shows 
no additional effect in reducing CNS relapses and might 
cause additional neurologic toxicity [9-14]. For CNS-negative 
patients with stage III or IV LBL and sufficient response 
to induction chemotherapy, treatment without PCRT is 
non-inferior to treatment with PCRT [15].

LBL is classified as a high-grade lymphoid malignancy 
according to the World Health Organization (WHO) classi-
fication, and when there is greater than 25% marrow replace-
ment by lymphoblasts, the designation of ALL is given [16]. 
Thus, disseminated LBL has been treated with an ALL-type 
protocol. Previous studies have shown improved long-term 
outcomes with the ALL-type protocol in LBL [1, 3, 9, 17, 18]. 
In particular, changing to the ALL-type protocol has allowed 
replacing PCRT with intensified intrathecal methotrexate 
and high-dose methotrexate (HD-MTX).

This report analyzed the outcomes of children and adoles-
cents with LBL treated with various regimens, and outcome 
differences according to PCRT, at a single center. 

MATERIALS AND METHODS

Patients
This study enrolled children and adolescents younger than 

20 years who were diagnosed with LBL and treated at Asan 
Medical Center Children’s Hospital between December 1991 
and March 2018. The last follow-up of the study was con-
ducted in April 2020. Data were reviewed retrospectively. 
The diagnosis of LBL was distinguished from ALL based 
on a bone marrow involvement of ＜25%, and with the 
analysis of cerebrospinal fluid to evaluate initial CNS involvement. 
Extramedullary involvement was evaluated using computed 
tomography (CT) or magnetic resonance imaging (MRI). This 
study was approved by the Institutional Review Board of 
the Asan Medical Center (IRB No. 2020-1001).

Methods
Various chemotherapy regimens were administered to the 

patients in this study. In the 1990s, the addition of daunor-
ubicin and asparaginase to the basic COMP protocol (AD- 
COMP), LSA2-L2, or the Pediatric Oncology Group (POG) 
regimens, such as POG-9219, POG-9317, POG-9404, or 
POG-9406, were mainly used. After the 2000s, the ALL-type 
protocol (Children's Cancer Group-1882, Korean multicenter 
high-risk ALL protocol [19], or Children’s Oncology Group- 
A5971 [9]) was applied to B-cell type LBL, while a modified 
NY protocol (CCG-106B or CCG-1901) (Supplementary 
Table 1) was mainly applied to T-lymphoblastic lymphoma 
(T-LBL).

The modified Children's Cancer Group (CCG)-1882 regi-
men, an example of an ALL-type protocol, is a regimen 
that includes two interim maintenance schedules and delayed 
intensifications after induction and consolidation 
(Supplementary Table 1). Representative examples of the 
NY protocol are CCG-1901 or CCG-106B, which are 
two-year regimens that repeat maintenance every three 
months after intensive induction and consolidation. 
Treatment outcomes were compared by dividing patients 
into a NY protocol group and an ALL-type protocol group. 
PCRT was mainly applied by incorporation into the NY 
protocol or in patients with advanced stages prior to 2013. 
Radiation was administered to extramedullary lesions when 
there was a partial response after chemotherapy, especially 
to large mediastinal masses. For patients who relapsed after 
chemotherapy, protocols such as ifosfamide, carboplatin, and 
etoposide (ICE) [20], or dexamethasone, etoposide, cisplatin, 
cytarabine, and L-asparaginase (DECAL) [21] were used as 
salvage treatments. Stem cell transplantation was performed 
in poor responders who had advanced disease at the time 
of diagnosis or in patients with relapsed disease. 

Statistical analysis 
In this study, the CCG-1882 and the Korean multicenter 

high-risk ALL protocol (CALL-1501) were collectively called 
the “ALL-type protocol”, while the CCG-106B and CCG-1901 
were collectively termed as the “NY protocol”, for statistical 
analysis.

Event-free survival (EFS) was calculated from the time 
of diagnosis to the first occurrence of progression, relapse, 
death, or date last seen for patients who remained alive 
and disease-free. The events considered were relapse at any 
site, death in remission, or a second malignant neoplasm, 
whichever occurred first. Relapse-free survival (RFS) was 
defined as the date from diagnosis to relapse. Overall survival 
(OS) was defined as the date from diagnosis to death from 
any cause, or date last seen for patients who remained alive. 
Survival rates were estimated using the Kaplan-Meier 
method. The log-rank test was used to compare the estimated 
survival distributions by patient characteristics. All analyses 
were performed using SPSS version 18 (SPSS Inc., Chicago, 
IL, USA), and statistical significance was accepted for P＜0.05.
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Table 2. Number of patients according to chemotherapy protocol.

Stage
AD-COMP ALL-type regimena) LSA2-L2b) NY 

regimen POG regimenc)

N

B-LBL I 1 3 0 2 1
II 0 1 0 1 2
III 0 0 0 1 1
IV 1 2 1 3 1
Total 2 6 1 7 5

T-LBL II 0 1 0 4 1
III 2 5 3 8 0
IV 1 2 2 7 1
Total 3 8 5 19 2

Unknown I 1 0 0 0 0
III 0 0 0 1 0
IV 0 0 1 0 0

Total 6 (9.8%) 14 (23.0%) 7 (11.5%) 27 (44.3%) 7 (11.5%)

a)CCG-1882 or Korean multicenter high-risk ALL protocol; b)CCG-106B, CCG-1901, or CCG-5941; c)POG 9219, POG-9317, POG-9404, or 
POG-9406. There was no statistically significant difference in age, sex, immunophenotypes, stages, initial CNS or BM involvement between 
patients of the NY protocol group, and those in the ALL-type protocol group.
Abbreviations: AD-COMP, addition of daunorubicin and asparaginase to the basic COMP protocol; ALL, acute lymphoblastic leukemia; LBL, 
lymphoblastic lymphoma; NY, New York; POG, Pediatric Oncology Group.

Table 1. Characteristics of patients.

Characteristics N (%)

Sex
   Male   34 (54.0%) 
   Female   29 (46.0%)
Median age at diagnosis (range, yr)     8 (2–19)
Immunophenotype 
   T-LBL   39 (61.9%)
   B-LBL   21 (33.3%)
   Unknown     3 (4.8%)  
Mediastinal mass   29 (46.0%)
Median LDH level (IU/L) 962 (447–3,297)
Stagea)

   I     8 (12.7%)
   II   10 (15.9%)
   III   21 (33.3%)
   IV   24 (38.1%)
Initial CNS involvement 
   Involved (+)     2 (3.2%)
   Involved (-)   59 (93.7%)
   Unknown     2 (3.2%)
Initial BM involvement 
   Involved (+)   21 (33.3%)
   Involved (-)   42 (66.7%)

a)Murphy and St Jude Children’s Research Hospital Staging system.
Abbreviations: BM, bone marrow; CNS, central nervous system; 
LBL, lymphoblastic lymphoma; LDH, lactate dehydrogenase. 

RESULTS

Patient characteristics
From December 1991 to March 2018, 63 patients were 

included in this study (Table 1). The median age at diagnosis 
was 8 years (range, 2–19 yr). T-LBL was the most common 
immunophenotype at diagnosis (39 patients, 61.9%), and 
stage IV was the most common stage at diagnosis (24 patients, 
38.1%). There were 45 advanced stage (stage III/IV) patients 
and 18 early stage (stage I/II) patients. A mediastinal mass 
was confirmed with CT scans in 29 patients (46.0%) with 
T-LBL, which comprised 86.2% (25 patients) of T-LBL cases. 
Data were analyzed as of April 30, 2020. 

Treatment
Among 63 children, 2 patients died of gastrointestinal 

(GI) bleeding before the start of chemotherapy, and 61 pa-
tients underwent initial chemotherapy (Table 2). The NY 
protocol was the most common protocol used (27 patients, 
44.3%), followed by the ALL-type protocol (14 patients, 
23.0%), POG regimens (7 patients, 11.5%), LSA2-L2 (7 pa-
tients, 11.5%), and AD-COMP (6 patients, 9.8%). There was 
no statistically significant difference in age, sex, im-
munophenotypes, stages, initial CNS or BM involvement 
between the NY protocol group and ALL-type protocol group 
(Supplementary Table 2).

A total of 21 patients were treated with therapeutic radio-
therapy on primary (16 patients) or relapsed disease (5 pa-
tients). The chest or mediastinum (13 patients) was the most 
common site, followed by the craniospinal area (6 patients), 
neck (3 patients), and the inguinal area (1 patient). The 
median radiation dose was 1,800 cGy (range, 50–5,580 cGy). 
None of the 6 patients who underwent therapeutic irradiation 
of the craniospinal area had prior PCRT; 2 had relapsed 
lymphoma in the CNS, and the other 4 had disease involve-
ment of the forehead, periauricular area, orbit, or the spine. 
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Fig. 1. Survival outcomes of patients. The overall survival (A), 
event-free survival (B), and relapse-free survival rates (C) were 
79.3±5.1%, 68.8±6.6%, and 71.3±5.7%, respectively.

Overall outcome
The median follow-up of all patients was 160 months 

(range, 0–340 mo). During the follow-up period, the 5-year 
OS of the 63 patients was 79.3±5.1%, the 5-year EFS was 
68.8±6.6%, and the RFS was 71.3±5.7% (Fig. 1).

When analyzed by the initial stage, there was a tendency 
for a lower OS or EFS in the advanced stages, but there 
was no statistical difference (5-year OS, P=0.325; EFS, 
P=0.884) (Fig. 2). The RFS of stage I, II, III, and IV patients 
was 75.0±15.3%, 88.9±10.5%, 75.0±9.7%, and 76.3±9.3%, re-
spectively (P=0.818). The RFS of stage I patients was rela-
tively low; however, all relapsed patients with initial stage 
I disease succeeded with salvage treatment. 

When comparing survival rates in advanced stage patients 
by immunophenotype, the 5-year OS was 70.0% for patients 
with B-LBL and 72.6% for patients with T-LBL, without 
statistical difference (P=0.907) (Fig. 3). The EFS was 56.0% 
and 69.4% for patients with B- and T-LBL, respectively 
(P=0.801). 

There were 18 events: 2 early deaths due to bleeding 

of the involved GI tract, 13 relapses, and 3 deaths without 
relapse. Six patients had B-LBL, 11 patients had T-LBL, and 
1 had an unknown immunophenotype at diagnosis. Fourteen 
events occurred in patients with stage III/IV disease, and 
4 events occurred in those with stage I/II disease. Among 
the 18 patients with events, 7 patients were treated with 
the NY protocol (6 with CCG-1901 and 1 with CCG-5941), 
three with the ALL-type protocol (2 with CCG-1882 and 
1 with COG-A5971), 2 with AD-COMP, 2 with the POG 
regimen (1 with POG-9317 and 1 with POG-9404), and 
2 with LSA2-L2. Two patients died of GI bleeding before 
chemotherapy (Fig. 4). 

A total of 13 patients died; 2 patients who failed to start 
chemotherapy due to deterioration of vital signs died before 
chemotherapy or during treatment with dexamethasone 
alone due to bleeding of the GI tract, 2 died of septic shock 
during induction, 1 patient with relapsed T-LBL died of 
acute renal failure during chemotherapy with the ICE proto-
col, and 8 died from progressive lymphoma. All 3 patients 
who died of treatment-related complications were treated 
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Fig. 2. When analyzed according to initial stage, patients with stage III/IV disease show lower survival rates than others. However the overall survival 
(A), and event-free survival rates (B) were not statistically different.

Fig. 3. When advanced stage patients were analyzed according to immunophenotype, the overall survival (A) and event-free survival rates (B) were 
not statistically different between B- and T-LBL (N=43).

with the ALL-type protocol (Fig. 4).
Among the 13 patients who died, 4 patients were treated 

with the NY protocol (3 with CCG-1901 and 1 with 
CCG-5941), 3 with the ALL-type protocol (2 with CCG-1882 
and 1 with COG-A5971), 2 with LSA2-L2, and 2 with the 
POG regimen (1 with POG-9404 and 1 with POG-9317). 

Three patients underwent stem cell transplantation (Table 
3). Two patients underwent autologous peripheral blood stem 
cell transplantation (PBSCT) after relapse. A 14-year-old pa-
tient with B-LBL (Patient 1) was initially treated with 

POG-9404; however, the mediastinal mass increased, and 
a new lesion in the kidney was detected after consolidation. 
After relapse, salvage chemotherapy with POG-9406, autolo-
gous PBSCT, and mediastinal irradiation were performed. 
However, a second relapse occurred in the brain, and the 
patient succumbed to relapsed lymphoma. 

A 7-year-old patient (Patient 2) with initial stage IV T-LBL 
relapsed in the mediastinum during treatment with the NY 
protocol. After relapse, salvage chemotherapy was performed 
using the ICE protocol, and autologous PBSCT was performed 
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Fig. 4. There were 18 events, and 13 patients died. All patients alive to date are disease-free. 

Table 3. Patients who received stem cell transplantation.

Patient 1 Patient 2 Patient 3

Age at diagnosis (yr)/sex 14/F 7/M 8/M
Immunophenotype B-cell T-cell T-cell
Stage III II IV
CNS involvement None None None
Initial Chemotherapy POG-9404 COG-1901 COG-1901
Reason of transplantation Relapse (mediastinum, kidney) Relapse (mediastinum) Initial extensive stage (BM, 

mediastinum), poor response
Treatment after relapse POG-9406, mediastinal 

radiotherapy
ICE protocol -

Type of transplantation Autologous PBSCT Autologous PBSCT Matched sibling donor PBSCT
Conditioning regimen TBI/Cy/VP16 Bu/Cy/VP16 TBI/Cy/rATG
Local radiotherapy Mediastinum (post-PBSCT) PCRT mediastinum (post-PBSCT) -
Current status Death due to relapsed disease 

(post-PBSCT 4 mo)
Alive without disease (1 yr 5 mo) Alive without disease (7 mo)

Abbreviations: BM, bone marrow; CNS, central nervous system; COG, children’s oncology group; Cy, cyclophosphamide; ICE, ifosfamide, 
carboplatin, etoposide; PBSCT, peripheral blood stem cell transplantation; PCRT, prophylactic cranial radiotherapy; POG, Pediatric Oncology 
Group; rATG, rabbit anti-thymocyte globulin; TBI, total body irradiation; VP16, etoposide. 

at complete remission status. He is alive, without disease, 
17 months after PBSCT. 

An 8-year old patient with T-LBL (Patient 3) had a large 
mediastinal mass and bone marrow involvement at diagnosis. 
Residual bone marrow disease was identified after induction 
chemotherapy, and residual mediastinal lymphoma activity 
was identified by positron emission tomography-CT after 
the first maintenance cycle. Allogeneic PBSCT with a match-

ed sibling donor was planned instead of autologous PBSCT 
because of the initial bone marrow involvement. The patient 
is alive, without disease, 7 months after PBSCT. 

During the follow-up period, several long-term complica-
tions were observed. In a 4-year-old patient who underwent 
initial chemotherapy with AD-COMP for T-LBL, radio-
therapy was performed for a large mass of the chest. 
Subsequently, he developed radiotherapy-induced pneumo-
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Fig. 5. Treatment outcome according to initial chemotherapy 
protocol. The overall survival (A), event-free survival (B), and 
relapse-free survival rates (C) were not statistically different between 
patients who received the ALL-type and NY regimens (N=41).

nitis, pulmonary fibrosis, and kyphoscoliosis requiring sup-
portive care. A 3-year old patient with stage IV B-LBL treated 
with LSA2-L2 developed Langerhans cell histiocytosis (LCH) 
3 years after completion of treatment, and required additional 
chemotherapy. Hypothyroidism developed after radiotherapy 
on the neck and skull, requiring medication. A 2-year old 
girl whose immunophenotype was unclear and who under-
went initial chemotherapy with LSA2-L2, ended chemo-
therapy in 1999. However, she developed dilated cardiomy-
opathy with adriamycin, and received heart transplantation 
in 2007. 

Comparison of outcomes by treatment period and protocols
There was no significant difference in OS when patients 

were categorized based on time periods [the 1990s (N=18), 
the 2000s (N=31), and the 2010s (N=14)] according to when 
they underwent chemotherapy: the 1990s: 83.3±8.8%; the 
2000s: 71.0±8.2%; and the 2010s: 92.9±7.4% (P=0.188). The 

EFS was 72.2±10.6%, 54.2±13.9%, and 85.1±9.7% for each 
treatment period mentioned above, respectively, and there 
was no significant difference (P=0.318). Although the fol-
low-up phase for each time period was different, patients 
diagnosed and treated since 2010 showed the best survival.

When survival outcomes were compared by initial treat-
ment protocol type, the NY and ALL-type protocols were 
performed in 27 and 14 patients, respectively. There was 
no significant difference in OS with 78.6±11.1% in the 
ALL-type protocol group and 85.0±6.9% in the NY protocol 
group (P=0.540, Fig. 5A). The EFS was 78.6±11.0% and 
73.5±8.6% in the ALL-type and NY protocol groups, re-
spectively (P=0.871, Fig. 5B). The RFS was 78.6±11.0% and 
73.5±8.6% in the ALL-type and NY protocol groups, re-
spectively, with no significant difference (P=0.231, Fig. 5C). 
In addition, there was no statistical difference in survival 
between the two chemotherapy groups when analyzed ac-
cording to immunophenotype.
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PCRT and CNS relapse 
PCRT was conducted in 13 patients (21.3%). Among the 

13 patients who received PCRT, the number of patients 
with stage I, II, III, IV disease was 2, 1, 4, and 6, respectively. 
Most patients had T-LBL (11 patients, 84.6%), 2 patients 
had B-LBL, and 1 patient had an unknown immuno-
phenotype. One of the patients was treated with LSA2-L2, 
2 with AD-COMP, 2 with the ALL-type protocol, and 8 
with the NY protocol. 

There were 4 patients who relapsed in the CNS among 
the 63 patients; 3 of the patients had B-LBL and 1 patient 
had T-LBL. These patients had no CNS disease at diagnosis, 
and 1 received PCRT. The cumulative incidence of CNS 
relapse with PCRT was not statistically different (P=0.859). 

DISCUSSION 

A discussion regarding the best LBL treatment has been 
ongoing, and recent treatment approaches have been derived 
from that for pediatric ALL. From the 1970s to the 1990s, 
LSA2-L2 was used as the gold standard treatment for LBL 
through a randomized trial comparing the COMP and 
LSA2-L2 protocols [2, 22]. Since then, several international 
cooperative groups have modified the LSA2-L2 protocol. 
In the 2000s, the effect of intensified chemotherapy through 
a regimen derived from the ALL regimen was announced 
based on the NHL/BFM-90 trial.

In the NHL/BFM-95 study, the necessity of eliminating 
PCRT and local radiotherapy with a flexible change of treat-
ment direction according to induction response, have been 
mentioned [1, 15]. The BFM group intensified treatment 
with HD-MTX while reducing exposure to anthracycline, 
and eliminated irradiation to sites of local disease. As a result 
of the many NHL/BFM studies, the treatment outcomes of 
LBL have improved dramatically, and PCRT has been elimi-
nated [1, 5].

Recently, a modified LSA2-L2 protocol (the NY protocol) 
and the ALL-type protocol with a BFM backbone have been 
the 2 main treatment approaches for pediatric LBL. The 
NY protocol (CCG-1901) consists of early intensive chemo-
therapy, followed by less intensive pulse chemotherapy dur-
ing maintenance. After 4 weeks of induction and 4 weeks 
of consolidation, patients undergo repeated maintenance ev-
ery 3 months for 2 years (Supplementary Table 1). A modified 
CCG-1901 protocol was used at our center. Because thio-
guanine was not available in Korea, mercaptopurine was 
used. In addition, as Asian patients have shown lower toler-
ability to mercaptopurine, a reduced dose of 50 mg/m2 was 
used at our institution [23]. In addition, irradiation of 1,500 
cGy for the bearing area with bulk disease was included 
on D1-15 in the original CCG-1901, but it was excluded 
at our center. Additionally, in the original CCG-1901, cranial 
irradiation was applied on D0-14, but this was also omitted 
at our center.

The NY protocol has been reported to induce improved 

survival in pediatric LBL [24]. However, it contains a high 
cumulative dose of anthracycline and cyclophosphamide, 
and it has been argued that toxicity should be considered. 
The cumulative doses of anthracyclines and cyclo-
phosphamide in the NY protocol were 360 mg/m2 and 10,200 
mg/m2, respectively, whereas those in the ALL-type protocol 
were 175 mg/m2 and 4,200 mg/m2 respectively [25, 26]. 
Anthracycline causes cardiotoxicity, and cyclophosphamide 
induces hemorrhagic cystitis, bone marrow suppression, car-
diotoxicity, and pulmonary fibrosis [27].

Based on the above, the BFM-based ALL-type protocol 
was adopted as an effective treatment strategy. Treatment 
was intensified with cyclophosphamide/anthracycline dur-
ing the induction and consolidation, and with additional 
intrathecal methotrexate. In this regimen, intensive intra-
thecal methotrexate was applied instead of cranial irradi-
ation, and the cumulative dose of anthracycline or cyclo-
phosphamide was relatively decreased.

In a recent COG-A5971 study, a randomized study was 
conducted comparing the survival between the standard 
CCG-BFM ALL regimen, with or without intensification, 
and the standard NHL/BFM-95 regimen, with or without 
intensification [9]. Localized LBL was treated with the full 
2-year ALL-type protocol with the BFM backbone, and the 
5-year EFS and OS were 85% and 94%, respectively [5, 17]. 
There was no difference in the 5-year EFS between the 
study arms. In addition, neither HD-MTX nor early intensifi
cation with cyclophosphamide or anthracyclines improved 
EFS in the setting of an already intensive ALL-type regimen 
in LBL [28].

In this study, we analyzed the outcomes in children and 
adolescents with LBL treated with various regimens; the 
treatment outcomes were similar between the two major 
treatment protocols, the ALL-type and the NY protocols. 
The treatment results of our study were comparable with 
those of other previously published trials on childhood LBL. 
According to a report on COG-A5971, the 5-year EFS for 
patients with localized LBL is 90%, and the OS is 96% [9]. 
In the case of the NY protocol, Lee et al. [4] reported treat-
ment results of 36 pediatric patients with LBL: the 5-year 
EFS and OS were 79.1±3.5% and 84.7±3.1%, respectively. 

Late complications and secondary malignancies in long- 
term survivors were not included in this data. Since the 
cumulative dose of anticancer drugs was high in the NY 
protocol, it was expected that the risk of secondary malig-
nancy and toxicity may be relatively high. Therefore, the 
ALL protocol could be considered for LBL treatment in the 
future; further studies on long-term complications are 
needed. 

CNS relapse is associated with a poor prognosis in LBL 
[9]. Historically, prophylaxis for CNS-negative LBL was per-
formed using PCRT, and showed a 90% EFS rate, even for 
patients with advanced-stage T-LBL [1]. However, PCRT 
is associated with neuropsychological deficits such as deficits 
in attention concentration, and the ability to process in-
formation sequentially, mood disturbances, short stature, and 
secondary malignancies [10, 13]. In addition, if patients with 
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advanced stage disease showed sufficient response to in-
duction therapy, PCRT did not confer an additive survival 
benefit. For this reason, contemporary regimens have safely 
omitted PCRT to reduce acute and long-term toxicities [9, 15]. 

In this study, PCRT was performed in 13 patients (21.3%). 
Most patients had advanced stage disease (stage III or IV, 
10 patients). Among the 3 patients with CNS relapse, 1 patient 
underwent PCRT. Although this was a retrospective analysis, 
there was no statistical difference in the cumulative incidence 
of CNS relapse, regardless of PCRT. Recent regimens, includ-
ing the NHL/BFM-95 and COG-A5971 protocols, have also 
used this approach and reported no difference in CNS re-
currence rates compared to earlier studies where cranial 
irradiation was administered to all high stage patients, regard-
less of CNS status [15]. The results of this study, in addition 
to the results of past studies, once again demonstrate that 
PCRT can be omitted in LBL. 

This study has some limitations. Because a small population 
of patients was included from a single center, thorough data 
for toxicities and late effects of each regimen were not 
available. Analysis of a larger number of patients and in-
formation on late effects and toxicities will be needed for 
proper determination of the outcomes of each protocol. 
Furthermore, in addition to the ALL-type or NY protocols, 
the types of protocols applied to patients were varied. In 
addition, the change in criteria for selecting a treatment 
strategy, and improvement of supportive management during 
the study period of 20 years could have affected treatment 
outcomes. Various treatment regimens have been applied 
with different indications such as treatment period and im-
munophenotype, which could affect the results. However, 
when subgroup analysis was performed, proper stratification 
was difficult because the number of patients in each subgroup 
was small. Minimal disseminated disease level in the bone 
marrow is known to be associated with outcomes in T-cell 
LBL in previous studies [29]. However, the relevant data 
were not available in our study for technical and insurance 
issues. It would be meaningful if further analysis of the 
outcome considering minimal disseminated disease level was 
performed. 

In conclusion, this study showed no significant difference 
in treatment outcomes between the ALL-type and NY proto-
cols, regardless of immunophenotype. Furthermore, there 
was no difference in the incidence of CNS relapse based 
on PCRT. For pediatric LBL, optimized chemotherapy con-
sidering long-term complications is necessary for the future.
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