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Purpose: To evaluate the clinical characteristics and treatment outcomes of Chinese
children with advanced stage anaplastic large cell lymphoma (ALCL) who were treated
with the low-intensity APO regimen.

Methods: Clinical data from children newly diagnosed with advanced stage ALCL and
treated with the APO regimen were reviewed.

Results: Altogether 22 eligible patients with advanced stage ALCL were recruited in this
study. 18 (81%) patients achieved complete response (CR) after the initial induction, and 4
experienced relapse. Among patients with relapsed or refractory ALCL, CR was achieved
in 3 (50%) who received the BFM95 R3/R4 regimen. Besides, 2 patients received the
targeted therapy with crizotinib and were still alive. The 5-year OS and EFS rates were 82
± 8.7% and 68.2 ± 9.4%%, respectively. According to our results, the elevated LDH level
and bone marrow involvement were identified as the poor prognostic factors for EFS
(p=0.035 and 0.048, respectively). During APO treatment, only 23% patients experienced
grade 3-4 hematologic toxicity.

Conclusions: In this study, bone marrow involvement and elevated serum LDH levels
were identified as the poor prognostic factors for EFS. In resource-limited regions,
patients with advanced stage ALCL can also achieve comparable outcomes to those in
high-income regions, and the BFM95 R3/R4 regimen can take the role of salvage
treatment for patients with relapsed or refractory disease. Nonetheless, new therapeutic
strategy is still needed.

Keywords: risk factors, LDH, APO regimen, crizotinib, relapsed, ALCL, pediatric
Abbreviations: ALCL, anaplastic large cell lymphoma; ALCL99, anaplastic large cell lymphoma99 therapy; APO, APO
(doxorubicin, predisone, vincristine, methotrexate, 6-mercaptopurine) regimen; CNS, central nervous system; CR, complete
response; CSF, cerebrospinal fluid; CT, computed tomography; EFS, event-free survival; EICNHL, European Inter-Group for
Childhood Non-Hodgkin lymphoma; LDH, lactate dehydrogenase; MRI, magnetic resonance imaging; NR, Non-response; OS,
Overall survival; PD, progressive disease; PR, Partial response; R3/R4 therapy, BFM-95 protocol R3/R4 arm (AA ! BB
!CC!AA!BB ! CC); SCT, stem cell transplantation.
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INTRODUCTION

Anaplastic large cell lymphoma (ALCL) is a rare disease in
children, which accounts for 10%-15% of all childhood non-
Hodgkin’s lymphomas (1). According to the latest WHO
classification of lymphoma, ALCL is restricted to lymphoma
with a T/NK-cell or null-cell phenotype, and is strongly positive
for CD30 (2). Over the past two decades, ALCL has been
increasingly characterized, and is becoming one of the most
curable childhood malignancies in high-income countries.
However, the optimal treatment for pediatric advanced stage
ALCL has not been established in terms of its efficacy and safety,
especially for patients with relapsed or refractory disease. At
present, pediatric ALCL is mostly understood from European
and American studies, but rarely from Asian studies. Besides,
most of the existing therapeutic strategies mainly investigate the
intensive short-pulse chemotherapy regimen based on B-cell
NHL-type therapy (3, 4) and prolonged repeated-pulse APO
(doxorubicin, predisone, vincristine, methotrexate, 6-
mercaptopurine) regimen (5, 6). Despite the variations in
regimens, the event-free survival (EFS) in ALCL children is
highly consistent across different pediatric studies, with a 2-
year failure rate of approximately 20-30% (4–6). In this regard, it
is necessary to consider the compliance and availability of a
therapeutic regimen, especially in resource-limited regions.
Therefore, this study was designed to evaluate the clinical
characteristics and outcomes of Chinese children with
advanced stage ALCL who were treated with the low-intensity
APO regimen at our institute.
PATIENTS AND METHODS

Patients and Diagnosis
The medical records of patients aged ≤18 years who were
diagnosed with advanced stage ALCL at our institute were
reviewed from January 2007 to January 2016. This retrospective
study was approved by the Institute Ethical Committee. Due to the
retrospective nature of the study, the requirement for written
informed consent was waived. The diagnoses in patients were
confirmed according to the his topathologica l and
immunohistochemical criteria defined by the 2008 WHO
classification. Moreover, all of the radiographic and pathological
data were reviewed to confirm the diagnosis and staging by one
independent radiologist and pathologist, respectively,.

Staging
All patients were staged in line with the St Jude staging system
(7). At diagnosis, the staging work-up included a complete blood
cell count, serum biochemistry, serum levels of lactate
dehydrogenase (LDH) and ferritin, cerebrospinal fluid (CSF)
analysis, bone marrow examination, pleural fluid and ascites
analyses, computed tomography (CT), magnetic resonance
imaging (MRI) or PET scan to determine the tumor extent.

Advanced stage ALCL was defined as stage III or IV disease
according to the St Jude staging system or disease with multiple
Frontiers in Oncology | www.frontiersin.org 2
involvements of bone, mediastinum, viscera (lung, liver and
spleen), skin or soft tissue.

Treatment
Patients with advanced stage ALCL were all treated by adopting
the APO regimen based on the standard arm of the Pediatric
Oncology Group protocol POG-9315 (5). Specifically, induction
therapy consisted of doxorubicin at 75 mg/m2 on days 1 and 22;
vincristine at 1.5 mg/m2 on days 1, 8, 15, 22 and 29; prednisone
at 40 mg/m2 daily for 28 days; and age-adjusted intrathecal
methotrexate on days 1, 8, and 22. Besides, the maintenance
therapy included 15 cycles of doxorubicin at 30 mg/m2 on day1
(cycles 1-5), methotrexate at 60 mg/m2 on day1 (cycles 6-15),
vincristine at 1.5 mg/m2 on day1, prednisone at 120 mg/m2 on
days 1-5, and 6-mercaptopurine at 225/mg/m2 on days 1-5, given
at intervals of 21 days for an approximate duration of 12 months.

For patients who developed relapse or progressive disease
(PD), or those who did not achieve complete response (CR) after
induction therapy, vinblastine or targeted therapy with crizotinib
or stem cell transplantation (SCT) was recommended. However,
for patients who could not reach this stage, the salvage treatment
was taken with the BFM-95 protocol R3/R4 arm (AA ! BB
!CC!AA!BB ! CC) (8).

Treatment Response
CR was defined as the disappearance of disease or residual lesion
with a negative PET scan. Partial response (PR) was defined as
>50% tumor regression in the perpendicular diameters of the
lesions, with no new lesion formation. Treatment response was
assessed at the end of induction therapy. Non-response (NR) was
assumed in the presence of ≤30% tumor regression. Stable
disease (SD) was defined as neither PR nor PD criteria met.
PD was defined as the appearance of new lesion during treatment
or evidence of primary tumor progression. Relapse was defined
as evidence of disease at 1 month after the completion
of chemotherapy.

Statistics
Overall survival (OS) was defined as the duration from diagnosis
to death or the last follow-up. EFS was defined as the duration
from diagnosis to the occurrence of the first event, including
disease progression, disease recurrence or death. The OS and EFS
rates were estimated using the Kaplan-Meier method.
Meanwhile, difference in survival was assessed by a log-rank
test. The Cox proportional hazards model was employed to
analyze the impact of potential prognostic factors on OS and
EFS. Statistical analyses were performed using the software R
version2.9.1 for Windows (www.r-project.org).
RESULTS

Clinical Characteristics
Altogether 22 eligible patients with advanced ALCL were
recruited into this study, with a median age of 12.5 (range, 9-
18) years at diagnosis. The demographic and clinical
February 2022 | Volume 12 | Article 832752
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characteristics of these 22 patients are summarized in Table 1.
There were 10 male (45.5%) and 12 female (54.5%) patients.
According to the St. Jude staging system, 16 (72.7%) patients
were at stage III, while 6 (27.3%) were at stage IV. At the time of
diagnosis, 86.4% of patients were detected with nodal
involvement and 77.3% with extranodal involvement
(including 53% with multiple extranodal involvements). In our
cohort, the most common site of extranodal involvement was
mediastinum, followed by bone (27.3%), bone marrow (22.7%),
and lung or liver (18.2%). Meanwhile, as discovered from the
biochemical records, 16 (72.7%) patients had elevated serum
ferritin levels, and 19 (86.3%) had normal serum LDH
levels <500 U/L. The ALK status was available in 21 patients,
and 19 of them were positive.

Treatment Outcomes
During the induction therapy, 1 patient (No. 18) with CNS
involvement died of respiratory failure. For the remaining 21
patients, 18 (81%) patients achieved CR and 3 (13.5%) attained
PR after initial induction therapy. The 3 patients with PR
received salvage treatment with the BFM95 R3/R4 regimen.
Among them, one patient (No.7) with ALK-negative ALCL
still presented with refractory disease after treatment with the
Frontiers in Oncology | www.frontiersin.org 3
BFM95 R3/R4 regimen, therefore gave up on the treatment; the
other 2 patients reached CR after 3 cycles of chemotherapy, but
both of them experienced progressive disease in skin (No.6) or
relapse in lymph nodes (No.4), respectively. They both received
crizotinib (an oral target drug), and are still alive. For patients
who achieved CR after initial induction therapy, 3 patients had
relapsed during follow-up, so all of them received salvage
treatment with the BFM95 R3/R4 regimen. 1 patient (No.12)
died of disease progression. 2 patients achieved second CR, 1
(No.9) continued to be CR, while the other one (No.19) with
ALK-negative ALCL received allogeneic SCT, but died of disease
1 year after bone marrow transplantation. After a median follow-
up period of 65 (rang, 13.2-114) months, the 5-year OS and EFS
rates were 82% (95%CI of 72.6-91.4%) and 68.2% (95%CI of
59.5-76.9%), respectively (Figure 1). The cumulative incidence
of relapse and PD in this study was 31%.

In total, through salvage chemotherapy with the BFM95 R3/
R4 regimen, CR was achieved in 3 (50%) patients with refractory
or relapsed disease. Meanwhile, the 3 patients who had elevated
serum LDH levels at diagnosis suffered relapse or refractory
disease and all died of this disease; and two of whom were
confirmed with ALK-negative ALCL. Additional details are
displayed in Table 2.
TABLE 1 | Demographic and clinical characteristics of 21 children with advanced stage ALCL.

Characteristics N (%)

Age at diagnosis (years) Median age 11.1 (7.2-15)
<10 year 3 (13.6%)
≥10 year 19 (86.4%)

Gender Male 10 (45.5%)
Female 12 (54.5%)

ALK status Positive 19 (86.4%)
Negative 2 (9.1%)
Unknown 1 (5.5%)

Stage III 16 (72.7%)
IV 6 (27.3%)

Lymph node involvement 19 (86.4%)
Extranodal involvement 17 (77.3%)

Skin/soft tissue 3 (13.6%)
Mediastinum 10 (45.5%)
CNS 3 (13.6%)
Liver 4 (18.2%)
Spleen 2 (9.1%)
Lung 4 (18.2%)
Other visceral involvement 2 (9.1%)
Bone 5 (22.7%)
Bone marrow 6 (27.3%)

B symptoms Absent 14 (63.6%)
Present 8 (36.4%)

Serum LDH level ≤500 IU/L 19 (86.3%)
>500 IU/L 3 (13.6%)

Serum Ferritin level ≤150 ug/L 6 (27.3%)
>150 ug/L 16 (72.7%)

Morphologic subtype Common 17 (77.3%)
Small cell 2 (9.1%)
Other type 3 (13.6%)

Events Relapse 4 (18.2%)
Progressive disease 3 (13.6%)
February 2022 | Volume 12 | Art
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Treatment Toxicity
For all patients, grade 3-4 myelosuppression was the main
treatment-related toxicity during the front-line therapy, which
was under control. In addition, grade 4 hematologic toxicity
occurred in 23% patients, which lasted for less than 2 weeks. The
other toxicities included mild liver dysfunction, nausea,
and vomiting.
Prognostic Factors
As revealed by log-rank analysis, stage, bone marrow involvement
and elevated LDH level were the significant influencing factors for
EFS (Table 3). There was a tendency that most patients with
refractory and relapsed ALCL had elevated ferritin levels, but the
difference was not significant (5-year EFS, 87.9% vs 60,2%,
p=0.29). In multivariate Cox regression analysis, only bone
marrow involvement and elevated serum LDH level were
identified as the significant adverse prognostic factors for EFS
(p=0.048, and 0.035, respectively).
Frontiers in Oncology | www.frontiersin.org 4
DISCUSSION

As a relative rare subtype of childhood lymphoma, ALCL
displays unique characteristics. More than 90% of ALCL
children are positive for ALK, which is mainly ascribed to the
translocation t(2:5)(p23;q35) involving the ALK and NPM genes
(9). Most pediatric patients with ALCL present with advanced
stage disease, and almost all of them have nodal involvement,
and extranodal involvement is also common (3, 4). To date, there
are only 4 clinical reports available on pediatric ALCL from East
Asia (10–13). To confirm the optimal therapy for pediatric ALCL
in the resource-limited regions, this study reviewed 22 Chinese
pediatric patients diagnosed with advanced stage ALCL, to
establish clinical features, outcomes, prognostic factors, and
treatments of refractory or relapsed disease in China. In this
study, the clinical characteristics of patients with advanced stage
ALCL were similar to those reported in other Asian studies (10–
13). Typically, bone marrow involvement and elevated serum
LDH levels were identified as the adverse prognostic factors for
TABLE 2 | Characteristics and outcomes of the patients with relapsed or refractory ALCL.

No. Stage at
initial

diagnosis

Gender/
Age

(years)

ALK
status

Serum LDH level
at diagnosis (U/L)

Serum ferritin level
at diagnosis (ug/L)

Response
to initial
induction

Pattern of
event (R/PD/

Sites)

Time of events from
diagnosis (months)

Salvage
therapy

Status

4 IV F/10 + 220 129 PR R/LN 21 BFM95/
Crizotinib

Alive

9 IV M/12 + 88 225 CR R/LN/S 18.0 BFM95 Alive
12 IV M/13 + 390 243 CR R/LN/BM 14 BFM95 Death
19 IV F/16 – 845 542 CR R/LN/ 16.0 BFM95/SCT Death
6 IV F/13 + 360 504 PR PD/S 4.0 BFM95/

Crizotinib
Alive

7 III M/18 – 1597 183 PR PD 4.5 BFM95 (NR to
AA+BB+CC)

Death

16 IV M/12 + 1293 21450 NR PD 1.5 – Death
February 2022 | Volu
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M, male; F, female; LDH, lactic dehydrogenase; R, relapse; PD, progressive disease; ALCL, anaplastic large cell lymphoma; LN, lymph node; S, skin; BM, bone marrow; CR, complete
response; PR, partial response; NR, no response; SCT, stem cell transplantation.
A B

FIGURE 1 | (A) The 5-year overall survival rate of patients with advanced-stage ALCL. (B) The 5-year event-free survival rate of patients with advanced-stage ALCL.
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EFS. Combined with other reports from East Asia, bone marrow
involvement appears to be a consistent adverse prognostic factor
for EFS in East Asian children with ALCL (10, 11). Of note, most
patients (92%) in this cohort presented with normal LDH levels
at diagnosis, which were not associated with disease stage, PD, or
relapse, but the 3 patients with high LDH levels at diagnosis died
of this disease. In a small cohort study on 39 Chinese children
with ALCL, Sun et al. also detected a similar characteristic (12).
Therefore, it seems that the elevated LDH levels at diagnosis is
not an indicator of disease extent or metastases in ALCL, rather
than in other pediatric lymphoma subtypes (14), and it is
predictive of the terminal phase of disease. So far, no clinical
features have been consistently identified as the prognostic
factors for survival in ALCL children (10, 15, 16). This may be
explained by the following reasons: ①most clinical results come
from a small cohort study; ②the enrollment criteria are varies
greatly between studies; ③ there is no common definition, such as
mediastinal involvement and liver/spleen involvement; and ④the
initial therapy and salvage treatment strategies are different. In a
large-scale European intergroup study enrolling 225 patients,
skin lesions, B symptoms, mediastinal involvement, visceral
involvement and elevated LDH level were identified as the
adverse prognostic factors (17). However, in a recent report on
the largest cohort of 420 ALCL patients from the European Inter-
Group for Childhood Non-Hodgkin lymphoma (EICNHL), only
the small cell/lymphohistocytic pattern was independently
Frontiers in Oncology | www.frontiersin.org 5
associated with treatment failure among the clinical/
pathological characteristics in children (16). Overall, definitive
prognostic factors for survival can contribute to formulating the
risk stratification therapy, understanding the biological/
pathological characterizations of pediatric patients with poor
outcomes, and designing future therapeutic strategies.

One of the characteristics of childhood ALCL is its
chemosensitivity in front-line therapy and at relapse, which
shows a high response rate to various chemotherapy regimens
and achieves a very similar EFS rate of about 65-80% (3, 6).
Given low cumulative doses of anthracyclines and alkylating
agents, which are associated with the long-term toxicities, most
pediatric groups have adopted the NHL-BFM90 regimen-based
ALCL99 chemotherapy. However, it is related to acute toxicities,
among which, grade IV neutropenia is reported in 60% patients,
and mucositis is detected in 15% cases (18). Compared with the
low-intensity prolonged APO regimen, the acute toxicity of
ALCL99 regimen reduces the patient compliance to some
extent and increases the requirement of inpatient care in
resource-limited regions. Therefore, at our institute, the APO
regimen, which was a 12-month outpatient regimen that avoided
the use of alkylating agents, was taken as the front-line therapy
for patients with advanced stage ALCL. In this study, 81%
patients achieved CR after the initial induction therapy, grade
4 hematologic toxicity occurred in 23% patients for less than 2
weeks, and no patient was recorded with anthracyclines -related
TABLE 3 | Prognostic factors for overall survival and event-free survival rates (log-rank test).

Factors 5-year EFS rate P 5-year OS rate P

Age at diagnosis(year) <10 year 100% 0.248 100% 0.407
≥10 year 63.2% 78.9%

Gender Male 60.1% 0.468 70.0% 0.190
Female 75.0% 91.7%

Stage III 81.6.2% 0.045 89.7% 0.180
IV 45.4% 57.1%

Lymph node involvement Yes 66.7% 0.530 81.0% 0.650
No 100% 100%
Extranodal involvement Yes 58.8% 0.110 76.5% 0.255

No 100% 100%
Skin and soft tissue Yes 33.3% 0.176 100% 0.407

No 73.7% 78.9%
CNS Yes 33.3% 0.148 66.7% 0.366

No 73.7% 84.2%
Mediastimum Yes 60.0% 0.433 80.0% 0.842

No 75.0% 83.3%
Lung Yes 69.6% 0.896 76.0% 0.218

No 87.5% 93.0%
Bone marrow Yes 16.7% 0.002 66.7% 0.382

No 87.5% 87.5%
Bone Yes 80.0% 0.460 100% 0.255

No 64.7% 76.5%
B symptoms Yes 69.5% 0.49 75.8% 0.56

No 85.4% 89.1%
Visceral involvement Yes 60.4% 0.966 66.7% 0.328

No 68.8% 87.5%
Serum LDH level ≤500 U/L 0.789% 0.001 94.7% 0.001

>500 U/L 0.00% 0.00%
Serum Ferritin level ≤150ug/L 83.2% 0.293 100% 0.164

>150ug/L 57.1% 71.4%
Febru
ary 2022 | Volume 12 | Article 8
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toxicity. After a median follow-up period of 65 (range, 13.2-114)
months, the 5-year OS and EFS rates were 82% and 68.2%,
respectively, which were comparable to those previously reported
(10–12). In a small cohort on 31 children with ALCL, Ceppi et al.
reported that treatment-related mortality was the major cause of
treatment failure for children with ALCL in low- and middle-
income countries (19). Therefore, chemotherapy may be a
crucial option to ensure the patient compliance and reduce
treatment-related failure in resource-limited regions.

In total, 7 patients suffered PD or relapsed disease in this
study, and no standard established treatment was recommended
for these patients. However, based on the 5-year OS rate of 82%,
it is suggested that patients with refractory or relapsed disease
may survive after the current salvage treatments. The
recommendations of salvage treatment vary among different
pediatric groups; particularly, the option is largely limited in
resource-limited regions. In this study, 6 patients suffering from
refractory or relapsed disease received the salvage treatment with
the BFM95 R3/R4 regimen at first; among them, CR was
achieved in 3 (50%) patients. Case 9 (a relapsed patient)
remained disease free for 76 months after the BFM95 R3/R4
therapy alone. This suggests that salvage treatment with the
intensive BFM95 R3/R4 regimen may be an option for patients
with refractory or relapsed ALCL in resource-limited regions. As
confirmed by results obtained from the prospective clinical trial
launched by EICNHL, allogenetic SCT achieved good efficacy in
high-risk relapsed patients (20). However, due to the economic
reasons, allogenetic SCT is not available for every relapsed
patient in resource-limited regions. In this study, only one
patient with ALK-negative ALCL received SCT, and still died
of disease progression.

The activity of ALK tyrosine kinase is essential to the survival
of ALK+ ALCL, in this regard, the ALK inhibitors show
promising prospects in the management of ALK+ ALCL
patients. As shown by some small cohort studies, crizotinib
can induce CR in most relapsed patients (21), with no disease
progression in the course of crizotinib treatment (22). However,
it has been confirmed that crizotinib is not curative, and abrupt
relapse is frequent after crizotinib discontinuation (23). So far,
the optimal duration and administration mode of crizotinib have
not been defined yet. At present, a clinical trial conducted by the
COG group is ongoing to test the efficacy of crizotinib in ALCL
children (NCT01979536). Besides, the EICNHL group is also
evaluating the efficacy and safety of crizotinib in combination
with chemotherapy in ALCL children. In our study, Case 4 and
Case 6 with second disease progression received crizotinib and
remain alive now. Of the two, Case 6 received crizotinib in
combination with BFM95 R3/R4 therapy, due to the formation
of new skin lesion in the course of BFM95 chemotherapy, and no
severe toxicity was recorded. We expect that results from the
EICNHL group test the advantage of the combination therapy
involving crizotinib and conventional chemotherapy.

In addition to ALK inhibitor agents, vinblastine is another
promising novel agent that is being investigated in various ongoing
strategies for ALCL, since the first report demonstrating the high
efficacy of vinblastine in patients with relapsed ALCL (24).
Frontiers in Oncology | www.frontiersin.org 6
However, vinblastine is not available in China, so none of the
patients in the study received this drug as salvage treatment.
Additionally, a randomized trial showed that APO (ANHL0131)
chemotherapy in combination with weekly vinblastine in
maintenance phase has no effect on improving EFS or OS (5).
Furthermore, the results obtained from ALCL-99 also indicate that
the length of therapy, rather than the addition of vinblastine, results
in delayed relapse (4). Therefore, children with ALCL may benefit
from the treatment strategy established based on the prolonged
APO regimen. Overall, new therapeutic agents and targeted
therapies, such as vinblastine, crizotinib and brentuximab
vedotin, have recently exhibited promising results (25), but their
application in resource-limited regions is largely limited by their
availability and costs. In the future, the availability of these new
therapeutic options will certainly spare low-risk patients from acute
toxicity and reduce the treatment failure rate in high-risk patients.

According to the results from our small cohort study, patients
with advanced ALCL in resource-limited regions can also
achieve comparable outcomes to those in high-income regions.
The future treatment strategy for childhood ALCL should be
designed based on the low-intensity prolonged APO therapy,
which can delay the occurrence of relapse. Moreover, more
caution should be paid to patients with elevated LDH levels at
diagnosis, and conventional chemotherapy in combination with
targeted therapy may be an option for advanced stage ALCL
patients. We hope that our experiences can be tested in the future
large-scale clinical trials.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by First Hospital of Jilin University. Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS

Y-TZ, L-ZW, and JC made substantial contributions to design of
the work and drafted the manuscript. All authors have read and
approved the manuscript and agree to be accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.
February 2022 | Volume 12 | Article 832752

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Characteristics of Children With ALCL
REFERENCES

1. Wright D, McKeever P, Carter R. Childhood non-Hodgkin Lymphomas in
the United Kingdom: Findings From the UK Children's Cancer Study Group.
J Clin Pathol (1997) 50:128–34. doi: 10.1136/jcp.50.2.128

2. Jaffe ES. The 2008 WHO Classification of Lymphomas: Implications for
Clinical Practice and Translational Research. Hematol Am Soc Hematol Educ
Program (2009), 523–31. doi: 10.1182/asheducation-2009.1.523

3. Brugières L, Le Deley MC, Rosolen A, Williams D, Horibe K, Wrobel G, et al.
Et Al: Impact of the Methotrexate Administration Dose on the Need for
Intrathecal Treatment in Children and Adolescents With Anaplastic Large-
Cell Lymphoma: Results of a Randomized Trial of the EICNHL Group. J Clin
Oncol (2009) 27:897–903. doi: 10.1200/JCO.2008.18.1487

4. Le Deley MC, Rosolen A, Williams DM, Horibe K, Wrobel G, Attarbaschi A,
et al. Et Al: Vinblastine in Children and Adolescents With High-Risk
Anaplastic Large-Cell Lymphoma: Results of the Randomized ALCL99-
Vinblastine Trial. J Clin Oncol (2010) 28:3987–93. doi: 10.1200/
JCO.2010.28.5999

5. Laver JH, Kraveka JM, Hutchison RE, Chang M, Kepner J, Schwenn M, et al.
Advanced-Stage Large-Cell Lymphoma in Children and Adolescents: Results
of a Randomized Trial Incorporating Intermediate-Dose Methotrexate and
High-Dose Cytarabine in the Maintenance Phase of the APO Regimen: A
Pediatric Oncology Group Phase III Trial. J Clin Oncol (2005) 23:541–7. doi:
10.1200/JCO.2005.11.075

6. Lowe EJ, Sposto R, Perkins SL, Gross TG, Finlay J, Zwick D, et al. Intensive
Chemotherapy for Systemic Anaplastic Large Cell Lymphoma in Children
and Adolescents: Final Results of Children's Cancer Group Study 5941.
Pediatr Blood Cancer (2009) 52:335–9. doi: 10.1002/pbc.21817

7. Murphy SB. Classification, Staging and End Results of Treatment of
Childhood non-Hodgkin's Lymphomas: Dissimilarities From Lymphomas
in Adults. Semin Oncol (1980) 7:332–9.

8. Woessmann W, Seidemann K, Mann G, Zimmermann M, Burkhardt B,
Oschlies I, et al. Et Al: The Impact of the Methotrexate Administration
Schedule and Dose in the Treatment of Children and Adolescents With B-Cell
Neoplasms: A Report of the BFM Group Study NHL-Bfm95. Blood (2005)
105:948–58. doi: 10.1182/blood-2004-03-0973

9. Perkins SL, Pickering D, Lowe EJ, Zwick D, Abromowitch M, Davenport G,
et al. Childhood Anaplastic Large Cell Lymphoma has a High Incidence of
ALK Gene Rearrangement as Determined by Immunohistochemical Staining
and Fluorescent in Situ Hybridisation: A Genetic and Pathological
Correlation. Br J Haematol (2005) 131:624–7. doi: 10.1111/j.1365-
2141.2005.05808.x

10. Chen SH, Chen JS, Jou ST, Wu KH, Hung IJ, Sheen JM, et al. Et Al: Outcome
and Prognosis of Anaplastic Large Cell Lymphoma in Children: A Report
From the Taiwan Pediatric Oncology Group. Leuk Lymphoma (2019)
60:1942–9. doi: 10.1080/10428194.2018.1562182

11. Han JY, Suh JK, Lee SW, Koh KN, Im HJ, Seo JJ. Clinical Characteristics and
Treatment Outcomes of Children With Anaplastic Large Cell Lymphoma: A
Single Center Experience. Blood Res (2014) 49:246–52. doi: 10.5045/
br.2014.49.4.246

12. Sun X, Zhen Z, Lin S, Zhu J, Wang J, Lu S, et al. Treatment Outcome of
Chinese ChildrenWith Anaplastic Large Cell Lymphoma by Using a Modified
B-NHL-BFM-90 Protocol. Pediatr Hematol Oncol (2014) 31:518–27. doi:
10.3109/08880018.2014.939793

13. Mori T, Kiyokawa N, Shimada H, Miyauchi J, Fujimoto J. Anaplastic Large
Cell Lymphoma in Japanese Children: Retrospective Analysis of 34 Patients
Diagnosed at the National Research Institute for Child Health and
Development. Br J Haematol (2003) 121:94–6. doi: 10.1046/j.1365-
2141.2003.04249.x

14. Magrath I, Lee YJ, Anderson T, Henle W, Ziegler J, Simon R, et al. Prognostic
Factors in Burkitt's Lymphoma: Importance of Total Tumor Burden. Cancer
(1980) 45:1507–15. doi: 10.1002/1097-0142(19800315)45:6<1507::AID-
CNCR2820450634>3.0.CO;2-D
Frontiers in Oncology | www.frontiersin.org 7
15. Lowe EJ, Gross TG. Anaplastic Large Cell Lymphoma in Children and
Adolescents. Pediatr Hematol Oncol (2013) 30:509–19. doi: 10.3109/
08880018.2013.805347

16. Mussolin L, Le Deley MC, Carraro E, Damm-Welk C, Attarbaschi A, Williams
D, et al. Prognostic Factors in Childhood Anaplastic Large Cell Lymphoma:
Long Term Results of the International ALCL99 Trial. Cancers (Basel) (2020)
12(10):2747. doi: 10.3390/cancers12102747

17. Le Deley MC, Reiter A, Williams D, Delsol G, Oschlies I, McCarthy K, et al.
Prognostic Factors in Childhood Anaplastic Large Cell Lymphoma: Results of
a Large European Intergroup Study. Blood (2008) 111:1560–6. doi: 10.1182/
blood-2007-07-100958

18. Wrobel G, Mauguen A, Rosolen A, Reiter A, Williams D, Horibe K, et al.
Safety Assessment of Intensive Induction Therapy in Childhood Anaplastic
Large Cell Lymphoma: Report of the ALCL99 Randomised Trial. Pediatr
Blood Cancer (2011) 56:1071–7. doi: 10.1002/pbc.22940

19. Ceppi F, Ortiz R, Antillón F, Vasquez R, Gomez W, Gamboa J, et al.
Anaplastic Large Cell Lymphoma in Central America: A Report From the
Central American Association of Pediatric Hematology Oncology
(AHOPCA). Pediatr Blood Cancer (2016) 63:78–82. doi: 10.1002/pbc.25698

20. Fukano R, Mori T, Fujita N, Kobayashi R, Mitsui T, Kato K, et al. Successful
Outcome With Reduced-Intensity Condition Regimen Followed by
Allogeneic Hematopoietic Stem Cell Transplantation for Relapsed or
Refractory Anaplastic Large-Cell Lymphoma. Int J Hematol (2019)
110:723–8. doi: 10.1007/s12185-019-02748-1

21. Greengard E, Mosse YP, Liu X, Minard CG, Reid JM, Voss S, et al. Safety,
Tolerability and Pharmacokinetics of Crizotinib in Combination With
Cytotoxic Chemotherapy for Pediatric Patients With Refractory Solid
Tumors or Anaplastic Large Cell Lymphoma (ALCL): A Children's
Oncology Group Phase 1 Consortium Study (ADVL1212). Cancer
Chemother Pharmacol (2020) 86:829–40. doi: 10.1007/s00280-020-04171-4

22. Gambacorti Passerini C, Farina F, Stasia A, Redaelli S, Ceccon M, Mologni L, et al.
Crizotinib in Advanced, Chemoresistant Anaplastic Lymphoma Kinase-Positive
Lymphoma Patients. J Natl Cancer Inst (2014) 106:djt378. doi: 10.1093/jnci/djt378

23. Gambacorti-Passerini C, Mussolin L, Brugieres L. Abrupt Relapse of ALK-
Positive Lymphoma After Discontinuation of Crizotinib. N Engl J Med (2016)
374:95–6. doi: 10.1056/NEJMc1511045

24. Brugières L, Pacquement H, Le Deley MC, Leverger G, Lutz P, Paillard C, et al.
Single-Drug Vinblastine as Salvage Treatment for Refractory or Relapsed
Anaplastic Large-Cell Lymphoma: A Report From the French Society of
Pediatric Oncology. J Clin Oncol (2009) 27:5056–61. doi: 10.1200/
JCO.2008.20.1764

25. Gibb A, Jones C, Bloor A, Kulkarni S, Illidge T, Linton K, et al. Brentuximab
Vedotin in Refractory CD30+ Lymphomas: A Bridge to Allogeneic
Transplantation in Approximately One Quarter of Patients Treated on a
Named Patient Programme at a Single UK Center. Haematologica (2013)
98:611–4. doi: 10.3324/haematol.2012.069393

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhang, Wang and Chang. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
February 2022 | Volume 12 | Article 832752

https://doi.org/10.1136/jcp.50.2.128
https://doi.org/10.1182/asheducation-2009.1.523
https://doi.org/10.1200/JCO.2008.18.1487
https://doi.org/10.1200/JCO.2010.28.5999
https://doi.org/10.1200/JCO.2010.28.5999
https://doi.org/10.1200/JCO.2005.11.075
https://doi.org/10.1002/pbc.21817
https://doi.org/10.1182/blood-2004-03-0973
https://doi.org/10.1111/j.1365-2141.2005.05808.x
https://doi.org/10.1111/j.1365-2141.2005.05808.x
https://doi.org/10.1080/10428194.2018.1562182
https://doi.org/10.5045/br.2014.49.4.246
https://doi.org/10.5045/br.2014.49.4.246
https://doi.org/10.3109/08880018.2014.939793
https://doi.org/10.1046/j.1365-2141.2003.04249.x
https://doi.org/10.1046/j.1365-2141.2003.04249.x
https://doi.org/10.1002/1097-0142(19800315)45:6%3C1507::AID-CNCR2820450634%3E3.0.CO;2-D
https://doi.org/10.1002/1097-0142(19800315)45:6%3C1507::AID-CNCR2820450634%3E3.0.CO;2-D
https://doi.org/10.3109/08880018.2013.805347
https://doi.org/10.3109/08880018.2013.805347
https://doi.org/10.3390/cancers12102747
https://doi.org/10.1182/blood-2007-07-100958
https://doi.org/10.1182/blood-2007-07-100958
https://doi.org/10.1002/pbc.22940
https://doi.org/10.1002/pbc.25698
https://doi.org/10.1007/s12185-019-02748-1
https://doi.org/10.1007/s00280-020-04171-4
https://doi.org/10.1093/jnci/djt378
https://doi.org/10.1056/NEJMc1511045
https://doi.org/10.1200/JCO.2008.20.1764
https://doi.org/10.1200/JCO.2008.20.1764
https://doi.org/10.3324/haematol.2012.069393
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Characteristics and Outcomes of Chinese Children With Advanced Stage Anaplastic Large Cell Lymphoma: A Single-Center Experience
	Introduction
	Patients and Methods
	Patients and Diagnosis
	Staging
	Treatment
	Treatment Response
	Statistics

	Results
	Clinical Characteristics
	Treatment Outcomes
	Treatment Toxicity
	Prognostic Factors

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


