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Background. Although anaplastic large cell ymphoma (ALCL) is
curable in high-income countries (HIC), data from low- and middle-in-
come countries (LMIC) are lacking. We therefore conducted a retros-
pective study of the Central American Association of Pediatric Hema-
tology Oncology (AHOPCA) experience in treating ALCL.

Procedure. We included all patients age <18 years newly diag-
nosed with ALCL treated between 2000 and 2013 in seven AHOPCA
institutions. Retrospective data were extracted from the Pediatric On-
cology Network Database.

Results. Thirty-one patients met inclusion criteria. Twenty-fi-
ve (81%) had advanced disease (stages Il and V), six (19%) were
treated on the APO (doxorubicin, prednisone, vincristine) regimen, 15
(49%) on multiagent chemotherapy designed for T-cell lineage malig-
nancies (GuatALCL protocol), and 10 (32%) on BFM-based treatment
regimens. Five-year overall event-free survival and overall survival
were, respectively, 67.1 + 8.6% and 66.7 + 8.7%. All 10 events occu-
rred in patients treated on BFM-based treatment regimens or the Gua-
tALCL protocol, none on APO treatment: two patients experienced re-
lapse, six treatment related mortality (TRM), and two abandonment.

Conclusions. Treatment of ALCL in countries with limited resour-
ces is feasible with similar outcomes as in HIC, though the causes of
treatment failure differ. Less intensive regimens may be preferable in or-
der to decrease TRM and improve outcomes. Prospective clinical trials
determining the ideal treatment for LMIC children with ALCL are neces-
sary. Pediatr Blood Cancer. 2016; 63:78—82. ©Wiley Periodicals, Inc.

Introduction

Anaplastic large-cell lymphoma (ALCL), a type of T-cell lym-
phoma, is a rare disease in children that represents 10-15% of pe-
diatric non-Hodgkins lymphomas (NHL). [1] First recognized in
1985,[2] its definition has recently been refined by extensive clinical,
immunophenotypic, and molecular studies.[3]
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There is still no consensus regarding the standard treatment for
ALCL. Most European pediatric oncology groups have used shor-
tpulse chemotherapy regimens based on mature B-cell NHL strate-
gies, including high-dose methotrexate (MTX), cyclophosphamide,
vincristine, doxorubicin, and corticosteroids with a duration of 4-6
months.[4-8] In North America, patients with ALCL receive pro-
longed repeated-pulse chemotherapy, with doxorubicin, vincristine,
steroids and maintenance with MTX, steroids and 6-mercaptopuri-
ne (APO-regimen)[9,10] or in the past with therapy similar to that
for T lymphoblastic lymphoma/leukemia (3-week induction therapy
followed by a 3-week consolidation period and six courses of main-
tenance chemotherapy at 7-week intervals).[11] The failure rate at 2
years remains at 30% for most of these regimens.

In 1998, five Central American countries formed the Central
American Association of Pediatric Hematology Oncology (AHOP-
CA), with the goals of investigating disease behavior, developing
treatment protocols, and establishing common public health ini-
tiatives. [12-14] Initially this consisted of Guatemala, Honduras, El
Salvador, Nicaragua, and Costa Rica. Panama joined in 2001 and the
Dominican Republic in 2006. In this context it has been possible to
design and conduct collaborative studies, and to institute a prospec-
tive clinical registry. [13, 15]

Currently, AHOPCA centers use either APO, GuatALCL, or Eu-
ropean-based treatment regimens for pediatric ALCL. The last was
due in part to international collaboration with several European ins-
titutions. [16] Given the different impact of treatment-related mor-
tality in low- and middle-income countries (LMIC) [17, 18] and the
lack of any data on ALCL in LMIC, we conducted a retrospective
study of the AHOPCA experience in treating ALCL. Our objective
was to report the outcomes of ALCL treatment in Central America
and the toxicities according to the protocol employed (APO regi-
men, a compressed aggressive multi-agent Tcell lineage chemothera-
py regimen [GuatALCL] vs. European approach).
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Method
Study Population and Setting

In this population-based retrospective cohort study, the patient
sample consisted of children diagnosed with ALCL and treated in
any of the following seven AHOPCA institutions: Benjamin Bloom
National Children’s Hospital, San Salvador, El Salvador; the Natio-
nal Pediatric Oncology Unit, Guatemala City, Guatemala; Children’s
Hospital Robert Reid Cabral, Santo Domingo, Dominican Republic;
Hospital Nacional de Nifios “Dr. Carlos Saenz Herrera,” San José,
Costa Rica; Hospital de Manuel de Jests Rivera “La Mascota,” Ma-
nagua, Nicaragua; Hospital Escuela-Universitario, Tegucigalpa and
Hospital Mario Catarino Rivas, San Pedro Sula, Honduras. These si-
tes represent the only pediatric oncology treatment centers in their
respective countries.

We included patients aged 0-18 years at diagnosis with de novo
ALCL who were diagnosed between January 1, 2000 and December
31, 2013. Immunohistochemical confirmation of diagnosis was at-
tempted using positivity for CD30 and/or ALK protein. CD30 detec-
tion was available locally at each center with the exception of Hon-
duras and Nicaragua. When possible, external confirmation of the
ALCL diagnosis was obtained through review at the Pathology De-
partment of St. Jude Children’s Research Hospital (Memphis, USA).

Cotrimoxazole prophylaxis against pneumocystis pneumonia
infection was used for the majority of patients; no other prophylac-
tic was used. Broad-spectrum intravenous antibiotics were started in
children with febrile neutropenia. The choice of antibiotics depen-
ded on local antimicrobial resistance patterns, available antimicro-
bials, and cost. All seven centers broadened antibiotics in case of he-
modynamic instability and initiated antifungal coverage in patients
with prolonged fever. In all seven centers intensive care units with
mechanical ventilation and ionotropic support were available. Blood
banking practices and availability of blood products varied among
centers. El Salvador, Costa Rica, Nicaragua, Dominican Republic,
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and Honduras had blood banks available on site, whereas the center
in Guatemala was supported by an off-site, private blood bank.

Data Sources

Data were extracted from the Pediatric Oncology Network Da-
tabase (POND) (www.pond4kids.org). POND is a secure, webbased,
multilingual pediatric hematology/oncology database created for
use in countries with limited resources to meet various clinical data
management needs including cancer registration, delivery of proto-
col-based care, outcome evaluation, and assessment of psychosocial
support programs. [19] Although data collection is primarily to as-
sist in patient outcome monitoring and quality improvement initia-
tives, data can also be anonymized for research purposes.

In AHOPCA centers, data managers abstract information from
patient charts in real time to enter into POND. Treating oncologists
confirm data. Routinely collected information includes data on pa-
tient demographics, socioeconomic status, diagnosis, treatment,
complications, and outcomes. An audit of POND data quality in
Honduras showed that accuracy for basic data fields was 99%. [20]

Treatment

Patients with ALCL were treated according to either APO, [9]
GuatALCL, [11] or European-based treatment regimens for pedia-
tric ALCL. [4]

The compressed aggressive multi-agent chemotherapy designed
for T-cell lineage malignancies; GuatALCL (Supplemental Table I)
was based on theCCG-5841 protocol.[11] European-based treatment
regimens in use during the study period included the AHOPCA
NHL-B protocol, based on the BEFM treatment strategy (Supplemen-
tal Table II course A-B-A for stages I and II, courses A-B-A-B-A-
BA for stage III, and courses AA-BB-AA-BB-AA-BB-AA for stage
IV); HD-MTX doses were 1 and 3 g/m2/dose over 3 hr for cycle A
and AA, respectively; in cycle A the ifosfamide doses were reduced
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to 400 mg/m2/dose from 800mg/m2/dose. Other European based
treatments were the AIEOP LNH-97 protocol [21] or NHL BFM-90
protocol. [5] The APO protocol used was based on the standard arm
of Pediatric Oncology Group protocol POG-9315 (Supplemental Ta-
ble III Induction and 15 cycles of maintenance). [9]

Data Variables

Biologic variables included demographic features, such as age and
sex, and disease-related features, such as stage, central nervous system
status, and bone marrow evaluation. For the calculation of event-free
survival (EFS) and overall survival (OS), date of event, date of death,
and date of last contact were collected. Cause of death was subdivi-
ded into specific causes: infection, bleeding, disease progression, and
other causes. The treating clinician determined the cause of death.
The determination of events including relapse and progression was
left to the local clinical team, as was therefore the need for a biopsy or
a specific imaging modality, weighing clinical suspicion, imaging re-
sults, and safety. Both ultrasonography and computerized tomography
were available in all centers. Abandonment of therapy was defined as
4 weeks of missed appointments during active treatment. Although
the length of abandonment considered clinically significant varies be-
tween malignancies, a length of 4 weeks has been accepted previously
in order to allow comparisons across protocols. [22]

Statistical Methods

OS was defined as the time from diagnosis to death, with patients
censored at the time of abandonment. EFS was calculated as the time
from diagnosis to first event, with events comprising relapse, death,
disease progression, or abandonment of therapy. EFS was also des-
cribed with patients censored at the time of abandonment. Survival
curves were computed using the Kaplan-Meier method. [23] Predic-
tors of EFS and OS were determined using the log-rank test and Cox
proportional hazard regression. Of note, given the limited sample size,
analyses determining predictors of outcome were considered explo-
ratory and hypothesis-generating only. Statistical analyses were per-
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formed using SAS-PC software (version 9.3; SAS Institute, Cary, NC).
Statistical significance was defined as P<0.05. The study was approved
by the research ethics boards at The Hospital for Sick Children in To-
ronto, Canada and at each of the Central American sites.

Results

The study sample included 31 children with ALCL treated in
the six AHOPCA countries between 2000 and 2013.

Demographic characteristics of the patient population can be
seen in Table I. Median age at diagnosis was 9.8 years (interquartile
range [IQR] 5.8-13.8 years). Most patients (25, 80.7%) had advan-
ced disease (stages III and IV). Immunhistochemical confirmation
of the ALCL diagnosis was obtained in 30/31 (97%) patients. Of
the 31 patients, 21 (67.7%) are alive, eight (25.8%) are dead, and
two (6.5%) abandoned therapy. Of the 31 patients, six (19.4%) were
treated on the APO regimen, 15 (48.4%) on the GuatALCL, and 10
(32.2%) on the European-based treatment regimens (four on the
AHOPCA NHL B protocol, four on AIEOP LNH-97, and two on
NHL BFM-90).
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Table 1. Patients Characteristics

No. of patients (N ¥ 31) %
Gender
Male 17 54.8
Female 14 452
Stage
I 6 19.4
11 19 61.3
v 6 19.3
CNS
Positive 4 12.9
Negative 25 80.6
Unknown 2 6.5
Bone marrow infiltration
No 27 87.1
Yes 3 9.7
Unknown 1 3.2
Pathology review
Internal 17 54.8
External 14 452
Country
El Salvador 3 9.7
Nicaragua 4 12.9
Dominican R. 5 16.1
Guatemala 12 38.7
Honduras 3 9.7
Costa Rica 4 12.9
Treatment protocol
NHL B AHOPCA 4 12.9
GuatALCL 15 484
APO 6 19.3
AIEOP LNH-97 4 12.9
NHL BFM-90 2 6.5

CNS, central nervous system; NHL, non-Hodgkin lymphoma; AHOPCA, Cen-
tral American Association of Pediatric Hematology Oncology; ALCL, anaplastic

large cell lymphoma; AIEOP, Pediatric Haemato-Oncology Italian Association;
BFM, Berlin-Frankfurt- M€unster.
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Considering treatment abandonment as an event, 5-year overall
EFS and OS were, respectively, 67.1+8.6% and 66.7+8.7% (Fig. 1).
When patients were censored at the moment of treatment abandon-
ment, overall 5-year EFS and OS were 72.7+8.3% and 72.3+8.4%.

The median follow-up was 26 months (IQR 4.8-55.9 months).
Five-year EFS (patients censored at abandonment) in patients with
localized disease was 100% (n=6) compared to 66.19.9% (n=25)
in advanced disease (P=0.13). Five-year EFS (patients censored at
abandonment) in patients for whom the pathology was reviewed ex-
ternally was 83.9£10.5% (n=14) compared to 63.5+12% (n=17) for
those only internally reviewed (P=0.19). Of the six patients treated
according to the APO regimen, five (83.3%) had advanced stage di-
sease whereas one had Stage 2 disease. The 5-year EFS for these six
patients was 100%.

Six events occurred in patients treated on European-based treat-
ment regimens: one patient experienced relapse, four TRM (three
infection and one bleeding), and one abandonment. Four events oc-
curred in GuatALCL protocol: three TRM (two infection and one
other cause) and one abandonment.

Discussion

We conducted a retrospective study of children with ALCL in
six Central American countries treated by the collaborative group
AHOPCA. Our results show that the treatment of pediatric ALCL is
feasible in LMIC with outcomes equivalent to those in HIC. To our
knowledge, this study represents the first report of pediatric ALCL
from resource-constrained countries.

Interestingly, the EFS of our Central American population
(67.18.6%) does not differ substantially from ALCL cohorts in HIC,
the EFS of which have ranged from 71 to 76%.[7,8,10] However, the
cause of treatment failure differed significantly. In our population,
the main cause of treatment failure was toxicity, unlike in HIC, whe-
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re relapses predominate. Increased rates of TRM have been well des-
cribed in other pediatric malignancies both in Central America and
in other LMICs.[17,24-29] As a consequence, and again differently
from HIC populations, the EFS of our cohort was very similar to the
0S (67.18.6% vs. 66.78.7%).

HIC centers have generally followed one of three ALCL treat-
ment strategies. In one, children with ALCL are treated with
BFM-based regimens designed initially for B-cell non-Hodgkin
lymphomas.[4] In the second, used mainly in the past, children
are treated with compressed aggressive multiagent T-cell lineage
chemotherapy regimen, as CCG-5841 protocol.[11] In the third,
children are treated with lower intensity chemotherapy cycles but
for a longer total duration, as exemplified by the Children’s Onco-
logy Group (COG) APO regimen.[10] In HIC centers, these have
resulted in equivalent outcomes.[7,10,11] Given the higher burden
of TRM, the same may not hold true in LMIC populations. In our
study, all events, including all cases of TRM, occurred in children
receiving high-intensity BEM-based treatment regimens or intensi-
ve GuatALCL protocol. Although we are unable to draw firm con-
clusions given our small numbers, lower-intensity APO-based regi-
mens warrant further prospective study in LMIC settings. It should
be noted that one advantage of BFM-based studies and GuatALCL
is their effectiveness in other non-Hodgkin lymphomas. This may
be of particular importance in settings where immunohistochemis-
try and molecular studies for the ALK mutation are unavailable,
making it difficult to distinguish ALCL from entities such as diffuse
large B-cell lymphomas.

Single agent vinblastine has shown effectiveness in the relapse
setting for children with ALCL.[30,31] Although vinblastine holds
significant theoretical promise in LMIC, its effectiveness as a front
line agent remains unproven,[30,31] and data about toxicity in LMIC
populations are lacking. Targeted agents such as brentuximab vedo-
tin, an antibody-drug conjugate combining an anti-CD30 antibody
with a potent microtubule inhibitor, and crizotinib, a small molecule
inhibitor of the ALK tyrosine kinase, appear to be very promising in
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terms of efficacy and safety;[32-34] but their employment in LMICs
is limited by availability and cost.

Indeed, our results confirm the need for setting-specific treat-
ment strategies that take into account local realities. Such strategies
are likely to differ between HIC and LMIC, and may in fact vary
among LMIC. Our results also support international collaborative
efforts like those of the International Society of Paediatric Oncology
(with the committee Paediatric Oncology in Developing Countries)
to create setting-adapted clinical treatment guidelines for the ma-
nagement of children with cancer.[35-39] Our results also illustra-
te the importance of accurate data and outcomemonitoring of both
overall outcomes and cause of treatment failure in order to inform
such efforts.

Three main study limitations merit mention. First, the rarity of
ALCLresulted in asmall number of eligible patients, even over se-
ven centers and 13 years. We therefore lacked sufficient power to
draw definitive conclusions regarding risk factors within our cohort,
including the impact of treatment protocol. Second, certain centers
used European-based treatment strategies or GuatALCL whereas
others used APO-based regimens. We therefore cannot rule out a
confounding effect of treatment center when comparing treatment
protocols. Third, our study suffers from the limitations inherent to
all retrospective cohort studies, where some clinically important
details may be unavailable. Despite these limitations, our study re-
presents the first population-based investigation of LMIC pediatric
ALCL. Our results can therefore be used as a basis for the design and
implementation of prospective trials in this population.

In summary, the treatment of ALCL in countries with limited
resources is feasible with similar outcome as HIC. Less intensive re-
gimens, such as APO-based treatment, may be preferable to more
intensive chemotherapy regimens given high rates of TRM in LMIC,
particularly in settings with access to accurate and timely diagnostic
capabilities. Prospective clinical trials are necessary in LMIC to im-
prove the outcome of children with ALCL and validate our results.
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Figure 1. Event-free survival (EFS) with abandonment considered as
an event
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