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Carta del director

La Universidad de El Salvador lanza un nuevo nimero de la Re-
vista La Universidad. Estamos sabedores que una instituciéon como
la nuestra ve como elemento fundamental contar con un espacio de
divulgacion cientifica y cultural. Y es nuestra intencién seguir con
esa vision critica y de debate académico.

Por las paginas de esta revista han corrido rios de tinta de inte-
lectuales que pensaban el presente y futuro, tanto de la universidad
como de la nacion. En consecuencia, los intelectuales, nuestros in-
telectuales universitarios han intervenido en las distintas problema-
ticas estructurales y superestructurales de nuestra realidad. En otras
palabras, la revista ha servido como escenario para el debate de ideas
de pensadores importantes de nuestro pais que han abordado nu-
merosas tematicas de la realidad nacional. Es decir, la universidad
y nuestra revista ha sido un dispositivo discursivo valioso para el
desarrollo de la vision cientifico y humanista de nuestra nacion. La
universidad ha sido un espacio de articulacién de proyectos del de-
bate académico.

Esta tarea no ha sido nada facil, para ello ha sido necesario de-
sarrollar toda una infraestructura intelectual s6lida. En ese sentido,
es innegable dar un giro hacia nuestro pasado reciente y ver como
en nuestra alma mater estaba conformada por intelectuales compro-
metidos, éticos y cientificos. Me refiero a la época de oro de nuestra
universidad, la época de Jorge Arias Gomez, Alejandro Dagoberto
Marroquin, Rafael Menjivar Larin, Matilde Elena Lépez y por su-
puesto, la época del Dr. Fabio Castillo Figueroa.

Por ello, con la continuidad de la publicaciéon de la Revista La
Universidad, seguimos apostando a crear el espacio de discusion
académica, cientifica y humanista de nuestros intelectuales nacio-
nales y extranjeros. Porque como ya lo decia Francisco Gavidia «los
pueblos necesitan ideas como los hombres necesitan y tienen alma»
y nosotros tenemos que seguir explorando sobre el alma de nuestra
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universidad, sobre el alma de nuestra nacion. Asi pues, sigamos de-
sarrollando una infraestructura intelectual que cuestione y propon-
ga desde una actitud cientifica, para producir un «bienestar material
y espiritual» de la nacién y de su poblacién, tal y como nos planteo
el Dr. Fabio Castillo Figueroa.

Dr. Raul Ernesto Azctinaga Lopez
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Prologo

Uno de los grandes objetivos de la docencia universitaria es la
investigacion cientifica y suele tenerse como premisa que los docen-
tes de la Facultad de Medicina no investigan ni escriben articulos
cientificos, debido a ello es valido preguntamos scual es la produc-
cion cientifica de los profesores de la Facultad de Medicina? y ;qué
lineas de investigacion se estan desarrollando por los profesionales
sanitarios?

El presente esfuerzo de difusion ha sido realizado por la Unidad
de Investigacion Cientifica Académica de la Facultad de Medicina
(UNICA-FM) en coordinacién con la Vicerrectoria Académica de la
Universidad de El Salvador, a través de la Editorial Universitaria. El
objetivo es conocer parte de la produccion cientifica de la Facultad
de Medicina y divulgar entre la comunidad universitaria las publica-
ciones realizadas por los docentes de nuestra facultad. Los articulos
que se presentan en el compendio fueron enviados de forma volun-
taria por los investigadores, luego de abrir una convocatoria a todo
el personal académico de la Facultad de Medicina para que presenta-
ran publicaciones que estuvieran interesados en divulgar.

Una vez recibido el listado de publicaciones se procedié a des-
cargarlas utilizando los recursos virtuales pagados por la Univer-
sidad de El Salvador, especificamente se utiliz6 Research4life, que
es el nombre colectivo para los programas Hinari, AGORA, OARE,
ARDI y GOALI que brindan acceso libre o de bajo costo a conteni-
do en linea revisado por pares académicos y profesionales en paises
en vias de desarrollo. Para cada documento del presente compendio
se respeta el idioma original del articulo, los autores y la revista en la
que fueron publicados.

Al final de la convocatoria se recibieron 31 articulos que cum-

plieron los requisitos para ser incluidos en el compendio, ya que
cuentan con respaldo editorial previo (DOI o ISSN).
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Capitulo 1. Oncologia pediatrica

Este capitulo contiene 10 publicaciones que cuya linea de trabajo
es la oncologia pediatrica que desarrolla el Servicio de Hematologia
y Oncologia del Hospital de Nifios Benjamin Bloom, los articulos se
han trabajado en coordinacién con otros hospitales pediatricos de
Centro América, Argentina, Republica Dominicana, Canadd, Esta-
dos Unidos, Paises Bajos e Italia.

Capitulo 2. Patologia pediatrica

Capitulo que incluye 5 articulos sobre patologia pediatrica rea-
lizada en el Departamento de Anatomia Patologica del Hospital de
Nifos Benjamin Bloom, los articulos se han desarrollado en conjun-
to con los departamentos de patologia de hospitales de Cuba, Amé-
rica del Sur, Asia y Estados Unidos.

Capitulo 3. Nutricion

Capitulo en el que se incluye un articulo de publicacion recien-
te sobre consideraciones nutricionales y microbioldgicas del “Atol
Shuco’, dicho trabajo fue desarrollado y publicado por un grupo de
investigadores que incluyé docentes de la Carrera de Nutricién de
la Facultad de Medicina, la Facultad de Quimica y Farmacia y de la
Universidad de Illinois, Estados Unidos.

Capitulo 4. Educacion superior y ciencias sociales

En este capitulo se incluyen 7 publicaciones que abordan varios
temas, incluyendo los factores que influyen en la eleccion de las dife-
rentes especialidades médicas, desarrollo de competencias investiga-
tivas por parte de estudiantes de pregrado, la calidad de los trabajos
de grado y de algunas maestrias, el uso de drogas recreativas por
parte de los estudiantes universitarios, e incluso se abordan los fac-
tores asociados al ingreso, permanencia y abandono a las pandillas
juveniles.
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Capitulo 5. Factores de riesgo de enfermedades Cronico-De-
generativas

Dicho capitulo describe los diferentes factores de riesgo cardio-
vascular, sindrome metabolico e hiperuricemia del personal docente
y administrativo de la Facultad de Medicina.

Capitulo 6. Micologia

Capitulo que describe las caracteristicas bioldgicas del hongo
Aspergillus sp encontrada en las semillas de Caesalpinia coriaria
(Nacascol) y su impacto en la salud.

Capitulo 7. Genomica viral

En este capitulo se presentan 4 publicaciones, las primeras 3 des-
criben la secuenciacion del genoma completo del virus SARS-CoV-2
aislados de pacientes de diagnostico de COVID-19. Dicha secuencia-
cion, se realizé utilizando por primera vez en El Salvador tecnologia
de secuenciacién masiva de proxima generacion conocida como NGS
adquirida recientemente por el Laboratorio de Virologia y Biologia
Molecular del Departamento de Microbiologia de la Facultad de Me-
dicina en coordinacién con el Ministerio de Salud Publica y Asistencia
Social. La cuarta publicacion evalda la autotoma de saliva y secrecion
nasofaringea como muestra bioldgica para realizar diagndstico por
PCR en tiempo real de infeccion por el virus SARS-CoV-2.

Capitulo 8. Biotecnologia microbiana

En este capitulo se describe el proceso molecular por medio del
cual se logré mejorar las caracteristicas de una enzima de interés bio-
tecnolégico (Esterasa I de Pseudomonas fluorescens) utilizando de
un microorganismo termofilo (Thermus thermophilus) como factoria
para seleccionar las variantes termoestables de la enzima de interés.

Los 31 articulos del presente compendio son la evidencia mas
contundente que muchos de los docentes de la Facultad de Medi-
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cina si cumplen con el objetivo de realizar investigaciones y publi-
caciones cientificas, dichos trabajos generan informacion relevante
sobre la realidad nacional y por lo tanto, es de suma importancia su
divulgacion ante la comunidad universitaria, instando a los intere-
sados para que profundicen en la lectura de la presente compilacién
y de estar interesados escribir al correo institucional de los investi-
gadores para conocer mas sobre la tematica particular que les haya
interesado y/o hacerse orientar de expertos investigadores en los res-
pectivos temas estudio.

Dr. Noé Rigoberto Rivera

Unidad de Investigacion Cientifica Académica
Facultad de Medicina de la Universidad de El Salvador
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Objectives. Paediatric patients with leukaemia with relapse or in-
duction failure have poor prognosis. Anticipated quality of life (QoL) is
important in treatment decision making. The objective was to deter-
mine if curative intent at relapse or induction failure, when compared
with palliative intent, was associated with child’s physical health, pain
or general fatigue and parents’ QoL over time among patients with
paediatric leukaemia in El Salvador.
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Methods.. This was a prospective observational cohort study.
Children 2—-18 years with acute leukaemia at first relapse or induc-
tion failure were eligible. Assessments occurred every 2 months for up
to 2 years using validated proxy report and self-report scales, where
guardians were the primary respondents. Initial curative or palliative
intent was categorised at enrolment by physicians. The impact of ini-
tial intent on QoL was assessed using linear mixed effects models and
interaction between QoL and time.

Results. Of the 60 families enrolled, initial treatment intent was
curative in 31 (51.7%) and palliative in 29 (48.3%). During the 2-year
observation period, 44 children died. Initial curative intent significantly
improved child’s physical health (estimate=8.4, 95% CI 5.1 to 11.6),
pain (estimate=5.4, 95% CI 1.5 to 9.2) and fatigue (estimate=6.6, 95%
Cl 3.2 to 9.9) compared with palliative intent, but not parents’ QoL
(estimate=1.0, 95% CI -0.8 to 2.8).

Conclusions. Among paediatric patients with acute leukaemia at
relapse or induction failure, initial curative intent treatment plan was
associated with better physical health, pain and fatigue when compa-
red with palliative intent. A curative approach may be a reasonable
option for patients with acute leukaemia even when prognosis is poor.

Key messages
What was already known?
» Pediatric acute leukemia patients with relapse or induction failure
living in low and middle income countries have a poor prognosis.
» Anticipated quality of life is central to therapeutic decision making
when the prognosis is poor.
What are the new findings?
» Children treated with initial curative intent at relapse or induction
failure had significantly better child physical health, less pain and less
fatigue compared to those treated with initial palliative intent treatment
plan.
» Parent quality of life was similar between those treated with initial
curative vs. initial palliative intent therapy.
What is their significance?

10
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» Initial curative intent therapy was associated with better child quali-
ty of life when compared with initial palliative intent therapy for pedia-
tric patients with relapsed or induction failure acute leukemia.

» A curative approach may be a reasonable option for patients with
acute leukemia even when the prognosis is poor.

Introduction

Cancer outcomes for children with acute lymphoblastic leukae-
mia (ALL) and acute myeloid leukaemia (AML) have improved in
high-income countries (HIC), where 80%-90% and 50%-60% are
expected to survive without recurrence, respectively.'When relapse
occurs in this setting, up to 50% of children with ALL and 30% of
children with AML can be cured, often with the use of haemato-
poietic stem cell transplantation or immunotherapies.>'® However,
in low-income and middle-income countries (LMIC), survival for
newly diagnosed and relapsed leukaemia is worse than in HIC.

In El Salvador, an LMIC, the 5-year event-free survival (EFS) was
approximately 50% in ALL" and 24% in AML." Survival following
relapse was evaluated more broadly in a Central American cohort.

Following ALL relapse, the 3-year EFS was 22% and the 3-year
overall survival (OS) was 28%. Following AML relapse, the 3-year
EFS was 6% and the 3-year OS was 8%. For paediatric patients with
cancer with poor prognosis, one of the most important therapeutic
decisions is whether the intent of therapy should be curative or pa-
lliative.” Factors influencing this decision include anticipated quality
of life (QoL), length of life remaining, impact on the family and costs.

Even though anticipated QoL is central to therapeutic decision
making at the time of relapse, little is known about QoL for paedia-
tric patients following relapse in either the HIC or LMIC setting. In
a study conducted in Canada, physical health, pain and fatigue were
particularly compromised in children and adolescents with cancer
who had poor prognosis."” Having a child with cancer is also known
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to impact on parents’ QoL." Estimates of child’s or parents’ QoL in
those treated with curative versus palliative intent are particularly
limited.

Consequently, the objective was to determine if curative intent
at relapse or induction failure, when compared with palliative intent,
was associated with child’s physical health, pain or general fatigue
and parents’ QoL over time among paediatric patients with leukae-
mia in El Salvador.

Methods
Design and setting

This was a prospective observational cohort study. The setting
was the Benjamin Bloom National Children’s Hospital (Hospital
Bloom) in San Salvador, El Salvador. Hospital Bloom, the only hos-
pital in El Salvador that admits and treats children with cancer, ca-
res for approximately 200 newly diagnosed children and adolescents
with cancer each year. Treatment is provided at no cost to families;
accommodation and child care are also offered free of charge to fa-
milies living a long distance from the hospital to reduce abandon-
ment of therapy. Funding for these programmes is provided by Fun-
daciéon Ayudame a Vivir (a local non-governmental organisation),
the government and international partnerships.

Eligibility criteria

Children with first relapse or induction failure of ALL or AML
were eligible. Those between 2 and 18 years of age at relapse with
a guardian who could understand Spanish were included. We ex-
cluded children who were severely ill at relapse (to an extent that it
would not have been appropriate to approach the family for research
as determined by the attending physician) and families who refused
any treatment including supportive care.

12
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Procedures

The research coordinator approached eligible families in person
to discuss the study. Guardians and children provided written infor-
med consent and assent (if applicable) to participate. To cover trans-
portation costs and food purchases, the family was provided a $10
gift certificate with each completed assessment.

Enrolment had to occur within 1 month of first relapse or induc-
tion failure. At enrolment, intent of therapy was obtained from the
patient’s primary physician and was classified as curative versus pa-
lliative. Factors influencing intent of therapy included patient, can-
cer and relapse features as well as the family’s preference. A prespeci-
fied algorithm for classification was not used. Guardians completed
a baseline demographic survey.

In terms of QoL assessments, guardians were the primary res-
pondents and, if possible, the same guardian reported QoL throu-
ghout the study. Children at least 5 years of age at enrolment were
also invited to self-report their QoL if they could understand Spani-
sh; their participation was optional. QoL assessments occurred at ba-
seline and then every 2 months (+2 weeks). Assessments continued
until withdrawal of consent or death, even in the event of subsequent
relapse or abandonment of therapy, for a maximum of 2 years.

Outcomes

The primary QoL domains of interest were paediatric patients’
physical health, pain and fatigue and parents’ overall QoL. Guardian
proxy report and paediatric patient self-report (if applicable) were
obtained for three instruments: PedsQL 4.0 Generic Core Scales,
PedsQL 3.0 Acute Cancer Module and PedsQL Multidimensional
Fatigue Scale. Guardians also completed the PedsQL Family Impact
Module on behalf of themselves and their family.

The 23-item PedsQL 4.0 Generic Core Scales reflects four dimen-
sions, namely physical, emotional, social and school functioning. Pae-
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diatric patients’ physical health was derived from this instrument. The
27-item PedsQL 3.0 Acute Cancer Module assesses the following ei-
ght dimensions: pain and hurt, nausea, procedural anxiety, treatment
anxiety, worry, cognitive problems, perceived physical appearance
and communication." Paediatric patients’ pain was derived from this
instrument. The 18-item PedsQL Multidimensional Fatigue Scale as-
sesses general, sleep/rest and cognitive fatigue. Paediatric patients’” ge-
neral fatigue was derived using this instrument. All three instruments
are reliable and valid in healthy populations and in children with can-
cer.”>""” The PedsQL Family Impact Module is a multidimensional pa-
rent-report scale that was designed to measure the impact of paediatric
chronic health conditions on the parent and the family.”® It measures
parents’ self-reported physical, emotional, social and cognitive func-
tioning, communication and worry. It also measures parent-reported
family daily activities and relationships. This measure is reliable and
valid in families of children with chronic diseases.'® Parents’ overall
QoL was derived using this instrument. For all instruments, scores
were transformed on a scale ranging from 0 (worst health) to 100 (best
health). To derive dimension and summary scores, more than half of
the items had to be answered for that dimension. The Spanish version
and a 1-month recall period were used.

All questionnaires were administered in person by the research
coordinator, although if the family was not seen in clinic proximal to
an assessment time point it could be obtained by telephone. Respon-
dents were offered the ability to complete the forms on their own or
have them read out loud by the research coordinator. Instruments
were completed on paper and not electronically.

Analysis
To compare baseline demographics between the curative intent and
palliative intent groups, continuous variables were compared using Wil-

coxon rank-sum test, while categorical variables were compared using

Fisher’s exact test. In order to determine the impact of intent of
therapy at relapse or induction failure on QoL, we fit linear mixed
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effects models with random effects for subject and assessment time
point, and described the estimate for the interaction term between in-
tent and time point with its 95% CI. To identify potential confounders,
we also evaluated the effect of child’s age, sex, leukaemia relapse type
(ALL relapse vs AML relapse, or induction failure with either ALL or
AML), whether any guardian was unemployed, mother with less than
high school education, father with less than high school education, fa-
mily income less than $2000 annually, and whether the palliative care
team was consulted at initial relapse or induction failure. These factors
were based on previous research'®* or clinical judgement.

To evaluate the potential for survivor bias, we also depicted the
trajectory of physical health, pain, general fatigue and parents’ QoL
by initial intent of therapy for individual patients who died. We dis-
played the time points relative to the date of death (in other words
months prior to death) and calculated the mean values by group. All
analyses were performed using R Studio V.3.6.1 (The R Foundation
for Statistical Computing).

Results

Between January 2015 and May 2017, there were 95 potential
participants identified; 60 were eligible and agreed to be enrolled. Fi-
gure 1 illustrates the flow diagram of patient identification, selection
and reasons for exclusion. Out of 50 children eligible to self-report
by age, there were 10 who agreed to self-report.

Among the 60 participating families, one moved to a different
country and was lost to follow-up after completing the baseline as-
sessment. An additional 44 children died during the 2-year obser-
vation period and thus 15 families completed all 12 assessment time
points. Most proxy respondents were mothers (n=53); other res-
pondent types were fathers (n=2), grandparents (n=3), aunt (n=1)
and sibling (n=1). In terms of proxy report assessments, there were
no missing assessment time points prior to death. For child self-re-
port assessments, there were three children who missed only the fi-
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nal assessment prior to death. Thus, the completion rate was 461 of
464 (99.4%) of the total possible number of assessment time points
(proxy report and self-report combined).

All enrolled children received chemotherapy. At relapse or in-
duction failure, initial treatment intent was categorised as curative in
31 (51.7%) and palliative in 29 (48.3%) by their attending physician.
Online supplemental etable 1 describes the initial chemotherapy
treatment plan at study enrolment. Table 1 describes the demogra-
phic characteristics of children, guardians and households for the
entire cohort and stratified by initial intent of treatment.

The most common diagnosis was ALL relapse (48, 80.0%). The
distribution of diagnoses was significantly different by intent of the-
rapy, with more children with ALL relapse having initial curative
intent compared with AML relapse or induction failure with ALL
or AML (p=0.040). The palliative care team was involved at relapse
or induction failure in 39 (65.0%), with no significant difference by
intent of therapy (table 1).

Those in the initial curative intent group had significantly longer
time from initial diagnosis to enrolment compared with the initial
palliative intent group (median 36 months (IQR 23-48) vs 14 mon-
ths (IQR 4-19), p<0.001). No other baseline feature was significant-
ly associated with initial intent of therapy, including distance to the
nearest hospital, distance to Hospital Bloom, or difficulty with and
barriers to bringing the child to hospital (table 1). The number of
mother respondents was similar in the curative intent group (26,
84%) and the palliative intent group (27, 93%; p=0.416) when com-
paring proxy respondent type.

Online supplemental etable 2 illustrates the characteristics at
death of the 44 patients who died during the 2-year study period
after enrolment. Most had palliative care involvement in the pre-
ceding 1 month prior to death (35, 79.5%) and almost all received
pain medication in the preceding 1 week prior to death (43, 97.7%).
Table 2 shows the median guardian proxy-reported generic QoL,
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cancer-specific QoL and fatigue, along with the number of partici-
pants remaining at baseline, 6 months, 12 months, 18 months and
24 months, while online supplemental etable 3 shows detailed QoL
assessments at each time point obtained every 2 months.

Figure 1. Participant recruitment flow diagram

Original research

I Assessed for eligibility |

Excluded (n= 35)
Did not meet eligibility criteria
(n=20)
= lliness severity (n=15)
v = Refused treatment (n=1)
= Oth =4
| Enrolled (n=60) | er reasons (= 4)

Enroliment

Declined to participate (n=15)

Lost to follow up because moved

Follow-Up out of the country (n=1)

Died prior to completing all
assessments (n=44)

Analysis

Analyzed (n=60)

Excluded from analysis
(n=0)

Table 3 shows how the baseline factors impacted change in QoL
over time, and figure 2 shows the mean QoL assessments by intent
of therapy. Initial curative intent of therapy significantly improved
physical health, pain and fatigue over time.

For example, in terms of physical health, those in the curati-
ve intent group had on average an 8.4 increase in QoL per month
when compared with the palliative intent group (95% CI 5.1 to 11.6).
However, initial curative intent did not significantly impact on pa-
rent QoL. Table 3 also shows that no other covariate had a significant
impact on change in QoL over time.
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Online supplemental efigure 1 shows the individual trajectory of
physical health, pain, general fatigue and parents’ QoL in the cura-
tive intent (black line) versus the palliative intent (red line) groups
among the 44 children who died. Although QoL was highly variable
for individual children, the mean child physical health, pain and fa-
tigue trajectories appeared relatively parallel in the curative intent
versus the palliative intent groups.

Discussion

In this prospective observational study of paediatric patients
with acute leukaemia at relapse or induction failure in El Salvador,
most children died during the 2-year study period. Those treated
with initial curative intent at relapse or induction failure, when com-
pared with those treated with initial palliative intent, had significant-
ly better physical health, pain and fatigue over time. This association
could not be explained by confounders or survivorship bias.

The association between initial curative intent and better QoL
over time was statistically significant even though children treated
with palliative intent did not survive beyond 10 months. One possi-
bility is that children treated with a curative intent had better base-
line status and better risk disease, thus confounding the association
between intent and QoL. However, the graphical display of QoL sug-
gests that baseline QoL was similar in the curative intent and pallia-
tive intent groups. A second possibility is that there is survivorship
bias, where those with the worst QoL die and are disproportionally
removed from the curative and palliative intent groups. However,
the individual trajectories of individual patients suggest that QoL in
the curative intent group was relatively preserved proximal to death.
This finding has important implications since QoL is an important
factor clinicians consider when making decisions about treatment in
the poor prognosis setting."*!
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Table 1. Demographics of the study cohort (N=60)

Characteristics Entire Initial Initial P valuet
cohort curative palliative
(N=60) intent intent
(n=31) (n=29)

Child characteristics
Male, n (%) 40 (67) 19 (61) 21(72) 0.523
Median age in years at 8(3-15) 8 (6-11) 9(5-12) 0.912
enrolment (range)
Diagnosis, n (%) 0.040
Relapsed ALL 48 (80) 29 (94) 19 (66)
Relapsed AML 7 (12) 2 (6) 5(17)
Induction failure ALL 1(27) 0 1(3)
Induction failure AML 4(7) 0 4 (14)
Initial palliative care at relapse, |39 (65) 19 (61) 20 (69) 0.725
n (%)
Median months since initial 20 (12-37) 36 (23-48) 14 (4-19) <0.001
diagnosis (IQR)

Guardian and household characteristics

Primary caregiver(s)*, n (%)
Mother 56 (93) 28 (90) 28 (97) 0.654
Father 40 (67) 19 (61) 21 (72) 0.523
Other 12 (20) 8 (26) 4(14) 0.401
Mother’s characteristics, n (%)
Unemployed 34 (57) 16 (52) 18 (62) 0.578
Education less than high school | 28 (47) 12 (39) 16 (55) 0.427
Father’s characteristics, n (%)
Unemployed 6 (10) 2(7) 4(14) 0.605
Education less than high school | 22 (37) 9(29) 13 (45) 0.437
Median number of household | 5 (4-6)
members (IQR)
Annual household income less | 26 (43) 13 (42) 13 (45) 1.000
than $2000, n (%)
Access to a phone, n (%) 59 (98) 31 (100) 28 (97) 0.973
Mode of transportation public, |52 (87) 29 (94) 23 (79) 0.214
n (%)
Running water at home, n (%) | 45 (75) 24 (77) 21(72) 0.881
Median minutes to nearest 40 (29-60) 35 (20-60) 40 (30-60) 0.407
hospital (IQR)
Median minutes to Bloom 120 (85-180) 120 (90-180) 120 (60-180) 0.923
Hospital (IQR)
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Difficulty bringing child to hospital, n (%)

Never or rarely 29 (48) 15 (48) 14 (48)
Sometimes 19 (32) 10 (32) 9 (31)
Almost always or always 12 (20) 6(19) 6 (21)

Barriers to bringing child to hospital, n (%)

Other children 6 (10) 4(13) 2(7) 0.731
Money 38 (63) 21 (68) 17 (59) 0.642
Taking time off work 4(7) 2(7) 2(7) 1.000
Distance to hospital 4(7) 1(3) 3 (10) 0.557

*Possible to have more than one primary caregiver type.

tContinuous variables compared using Wilcoxon rank-sum test, while categorical
variables compared using Fisher’s exact test.

ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia.

In our study, the median proxy-reported physical health scores
were greater than 80 at 10 of 12 follow-up assessment time points.
In contrast, the median proxy-reported physical health reported
for newly diagnosed children with AML in the Children’s Oncolo-
gy Group (COG) AAML1031 study ranged from 53 to 66 using the
same QoL instrument.”” Similarly, in our study, the median general
fatigue scores were 75 or greater at 11 of 12 follow-up assessment
time points. In contrast, the median fatigue scores in the COG AML
study ranged from 50 to 58. These findings suggest that QoL is hi-
gher (better) for patients with leukaemia with relapse or induction
failure in El Salvador compared with patients with newly diagnosed
AML in North America. This pattern may have occurred because
AML treatment is more intensive in North America compared with
relapsed leukaemia treatment in El Salvador or because supporti-
ve care is better in El Salvador. In terms of the latter possibility, su-
pportive care may be optimised through a twining programme with
St Jude Childrens Hospital, a palliative and supportive care clinic
funded by Fundacién Ayudame a Vivir with governmental aid, or
support of nurse educators through the Association of Pediatric He-
matology/Oncology Nurses. The other possibility is that perceptions
of guardians are different between the two settings.
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Table 2 Guardian proxy-reported quality of life over time (N=60)

Baseline 6 months | 12months | 18 months | 24 months
Remaining, n 60 37 22 21 15
Generic Core Scales
Physical health 77 (49-94) |81 (47-97) 88 (73-96) 94 (63-94) 97 (69-100)
summary
Psychosocial 70 (57-79) |80 (55-87) 74 (64-87) 78 (58-88) 80 (63-89)
summary
Emotional 58 (44-70) |75 (50-90) 75 (65-89) 80 (65-90) 83 (63-90)
functioning
Social functioning | 85 (65-95) |80 (60-85) 83 (66-90) 80 (70-100) 95 (64-100)
School 70 (50-80) |75(60-85) 80 (55-75) 65 (65-85) 70 (50-80)
functioning
Acute Cancer Module
Pain and hurt 75 (50-100) |88 (50-100) 100 (88-100) |75 (63-100) 100 (75-100)
Nausea 75 (50-90) |75 (50-90) 80 (53-90) 70 (55-80) 75 (58-83)
Procedural 50 (17-67) |58 (25-83) 58 (35-90) 58 (42-92) 67 (54-79)
anxiety
Treatment anxiety |79 (50-100) |92 (58-100) 88 (75-100) 100 (100-100) |100 (75-100)
Worry 75 (48- 100 (67- 67 (50-96) 67 (50-83) 75 (54-92)
100) 100)
Cognitive 80 (56-94) |75 (60-95) 78 (59-95) 80 (50-88) 88 (75-89)
problems
Perceived physical | 75 (50-100) |75 (58-100) 75 (58-100) 83 (50-100) 75 (50-83)
appearance
Communication |67 (50-100) |83 (58-100) 79 (50-100) 75 (50-100) 75 (58-92)
Multidimensional Fatigue Scale
General fatigue 81 (45-92) |75 (50-100) 85 (60-96) 88 (67-100) 92 (71-100)
Sleep/rest fatigue |83 (63-92) |83 (58-100) 94 (72-100) 92 (79-100) 92 (69-100)
Cognitive fatigue |88 (70-100) |83 (58-100) 67 (55-88) 67 (58-79) 75 (60-94)

Data shown as median (IQR) every 6 months.

See online supplemental etable 3 for each assessment. Online supplemental etable

4 shows the median guardian self-reported assessments of parent functioning

and family functioning at each time point. Online supplemental etable 5 shows

child’s self-reported QoL over time.
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Table 3. Factors associated with guardian proxy-reported child
quality of life over time*

intent)

Variable Physical health | Pain and hurt Fatigue Parent QoL
Initial curative intent | 8.4 (5.1 to 11.6), 54(1.5t09.2), [6.6(3.2t09.9), |[1.0(-0.8t02.8),
(vs initial palliative | p<0.0001 p=0.007 p=0.0002 p=0.294

leukaemia (vs other)

Child age in years 0.0 (-0.5 t0 0.5), 0.1 (-=0.3t00.5), {0.1(-0.3t00.5), [—0.1(-0.2t00.1),
p=0.900 p=0.606 p=0.608 p=0.508

Male sex 0.3 (-3.2t03.8), 0.6 (-1.9t0 3.1), | —0.5(-3.4t0 2.4), | -0.6 (1.6 t0 0.4),
p=0.877 p=0.664 p=0.743 p=0.260

Relapsed acute 1.6 (-3.5t0 6.8), -1.6 (-5.5t02.3), | -1.3 (=5.6 to 3.1), | =0.7 (-2.2 t0 0.8),

lymphoblastic p=0.545 p=0.429 p=0.572 p=0.394

Any guardian —-0.4 (-3.8 to0 3.0), -0.4 (-3.0t02.2), | -0.6 (3.6 t0 2.3), | -0.2 (-1.2 t0 0.8),
unemployed p=0.824 p=0.769 p=0.679 p=0.711

Mother with less -0.4 (-3.8t0 3.1), 0.7 (-1.9 t0 3.3), | 0.2 (-2.7 t0 3.2), | 0.6 (0.4 to 1.6),
than high school p=0.841 p=0.600 p=0.894 p=0.231
education

Father with less -2.4 (-7.3t02.5), -1.5(-5.1t02.0), | -1.5 (=5.1 t0 2.0), | —0.1 (-1.1 t0 0.9),
than high school p=0.359 p=0.412 p=0.412 p=0.891
education

Family income less

1.6 (1.6 to 4.9),

2.1(-0.1t04.3),

1.5 (-1.3 t0 4.3),

0.6 (0.4 to 1.5),

than $2000 annually |p=0.338 p=0.085 p=0.303 p=0.263
Initial palliative care |2.6 (-1.2t0 6.3), 1.5(-1.1t0 4.2), |0.2 (2.8 t0 3.3), [0.2 (0.8 to 1.2),
involvement p=0.205 p=0.274 p=0.881 p=0.710

*Values shown are estimate (95% CI) of the interaction between the variable of

interest (eg, curative intent) and assessment time point (0-24 months). A statis-
tically significant p value suggests that quality of life is significantly different over

time depending on the variable of interest.

Qol, quality of life.

The strengths of this study include its prospective design among
an important and understudied population. The design allowed a
unique opportunity to measure the impact of initial curative versus
palliative intent of therapy, a comparison which is not amenable to
randomisation. The lack of missing data is another important stren-
gth, with no missing proxy-report QoL scores among children who
died. Consequently, responder bias does not explain our findings.
However, this study must also be interpreted in light of its limitation.
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The main limitation was the small number of children who self-re-
ported their QoL and consequently the need to rely on proxy report.
Another limitation is that we did not evaluate specific chemothera-
py medications and their impact on QoL, although this would have
been challenging given the number of different chemotherapies, do-
sages and schedules that would have been used.

In conclusion, among paediatric patients with acute leukaemia at
relapse or induction failure, initial curative intent treatment plan was
associated with better physical health, pain and fatigue when compa-
red with palliative intent. A curative approach may be a reasonable
option for patients with acute leukaemia even when prognosis is poor.

Figure 2. Child’s physical health, pain and general fatigue and pa-
rents’ quality of life stratified by initial curative intent versus palliative
intent at enrolment (N=60). The graph depicts mean proxy-reported
physical health, pain and fatigue, and guardian self-reported quality
of life. The vertical lines represent the SE. The black line represents
those treated with curative intent at enrolment, while the red line re-
presents those treated with palliative intent at enrolment. Enrolment
occurred within 1 month of relapse or induction failure
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Background. Although previous studies have examined the cost of
treating individual childhood cancers in low-income and middle-income
countries, to the authors’ knowledge none has examined the overall
cost and cost-effectiveness of operating a childhood cancer treatment
center. Herein, the authors examined the cost and sources of financing
of a pediatric cancer unit in Hospital Nacional de Ninos Benjamin Bloom
in El Salvador, and make estimates of cost-effectiveness.
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Methods. Administrative data regarding costs and volumes of
inputs were obtained for 2016 for the pediatric cancer unit. Similar
cost and volume data were obtained for shared medical services pro-
vided centrally (eg, blood bank). Costs of central nonmedical support
services (eg, utilities) were obtained from hospital data and attributed
by inpatient share. Administrative data also were used for sources of
financing. Costeffectiveness was estimated based on the number of
new patients diagnosed annually and survival rates.

Results. The pediatric cancer unit cost $5.2 million to operate in
2016 (treating 90 outpatients per day and experiencing 1385 inpa-
tient stays per year). Approximately three-quarters of the cost (74.7%)
was attributed to 4 items: personnel (21.6%), pathological diagnosis
(11.5%), pharmacy (chemotherapy, supportive care medications, and
nutrition; 31.8%), and blood products (9.8%). Funding sources inclu-
ded government (52.5%), charitable foundations (44.2%), and a social
security contribution scheme (3.4%). Based on 181 new patients per
year and a 5-year survival rate of 48.5%, the cost per disability-adjus-
ted life-year averted was $1624, which is under the threshold conside-
red to be very cost effective.

Conclusions. Treating childhood cancer in a specialized unit in
low-income and middleincome countries can be done cost-effectively.
Strong support from charitable foundations aids with affordability.
Cancer 2018; 124:391-7. © 2017 American Cancer Society.

Keywords: cancer, cost-effectiveness, economic evaluation, oncolo-
gic services, pediatric hospitals.

Introduction

For children diagnosed with cancer who live in high-income
countries with access to modern therapy, survival rates currently
are >80%.' However, in low-income and middle-income countries
(LMIC:s), where approximately 90% of the pediatric population lives,
survival estimates vary between 10% and 50%? A major factor limi-
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ting efforts to improve childhood cancer survival in LMICs remains
the perception that pediatric oncology services are “too expensive”
for LMIC health systems to absorb. Despite this assumption, to our
knowledge the financial and economic costs required to treat pedia-
tric cancer in LMICs remain largely unknown.

Several publications have described limited aspects of this cos-
ting narrative in LMICs by focusing on specific cancer treatments,
protocols, or procedures.”® Others have compared the cost-effecti-
veness of different treatment components for specific cancers.*” The
methods used have varied substantially in terms of rigor, estimation
approaches, and from whose perspective the costs were calculated.

Most important, to our knowledge, no data describing the glo-
bal costs of running a childhood cancer service in an LMIC have
been published to date. This represents a major gap, with negative
downstream implications for national cancer control planning and
hospital-based implementation. This paucity of data is particular-
ly concerning given a recent cost-effectiveness analysis suggesting
that curing several types of childhood cancers may even be very
costeffective in low-income countries. In anticipation of an upco-
ming commission in The Lancet Oncology focused on sustainable
pediatric cancer care, we have developed and applied a transparent
method with which to estimate both the total cost and cost-effective-
ness of maintaining what to our knowledge is the only comprehensi-
ve pediatric cancer treatment program in El Salvador.

Materials and methods

The current study used hospital administrative data for 2016 to
report the costs of running and maintaining a pediatric cancer unit
in Hospital Nacional de Ninos Benjamin Bloom (HNNBB), a public
referral and teaching hospital for children in San Salvador, El Salva-
dor, using the hospital’s perspective. Costs were compared with the
average 5-year survival rate for all presenting cases for 2012 through
2016 across all types of pediatric cancers treated. Because this study
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used deidentified and aggregated administrative data, the require-
ment for institutional review board approval was waived.

Study Site

HNNBB is a 300-bed tertiary referral hospital with 1350 emplo-
yees and 300,000 patient visits annually.® The oncology department
is 1 of 30 departmental subspecialties. The department diagnoses an
average of 180 new patients per year, has 24 inpatient beds, and in-
cludes an outpatient clinic that has >30,000 patient visits annually.
Some services and staff are dedicated to the unit, whereas other spe-
cialized services, including surgery, pathology, imaging, pharmacy,
radiation, and blood bank, as well as nonmedical central services, in-
cluding utilities and purchasing and contracting services, are shared
across the hospital. The HNNBB department is the main treatment
center for childhood cancer in El Salvador, with treatment programs
focusing on leukemias, lymphomas, and solid tumors such as Wil-
ms tumor and sarcomas. The department treats children aged < 14
years, with an average age at the time of diagnosis of 6 years.

The pediatric oncology program is financially sustained prima-
rily by the Ministry of Health and the private nonprofit foundation
“Ayudame a Vivir” Other partners or collaborators include the Asso-
ciation of Parents of Children with Cancer (ASAPAC), El Salvador’s
Institute of Social Security, and St. Jude Children’s Research Hospi-
tal. The ASAPAC plays an important role in the day-today operation
of the pediatric oncology program, including fundraising and pro-
viding financial assistance to very low-income families for transpor-
tation, meals, laboratory tests, and some medications not funded by
the national health care system.

Data Collection

Because the department of oncology is a separate administrative
unit within HNNBB, we were able to obtain aggregated informa-
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tion regarding the hospital costs associated with diagnosing and
treating childhood cancer. To collect costing data, a detailed abs-
traction tool was developed after compartmentalizing costs into
the following categories: personnel (both medical and support),
other services (information technology, training), room and board
for patients and for their families (“hoteling”), outpatient clinic,
shared services (pharmacy, pathology, surgery, radiation, imaging,
and blood bank), and other central hospital services (utilities, hu-
man resources, etc). The structure of the abstraction tool is availa-
ble in the Supporting Information Table 1. The personnel cost of
running a population-based cancer registry and outcometracking
tool also was included in the total for personnel, given the impor-
tance of such efforts.”'’

Information regarding the volume and unit cost of items came
from various sources. The pediatric oncology unit has its own in-
formation system with data regarding the number of personnel
dedicated to the department and their salaries and services speci-
fic to the unit (laboratory information system, training, and space
for the outpatient clinic) as well as costs and quantity of some of
the shared hospital services used by the department (pharmacy,
pathology, and blood services). In other cases of shared services
(surgery, imaging, and radiotherapy), key personnel were consul-
ted regarding the percentage of their time/ workload attributable
to pediatric oncology; costs were prorated. Overhead costs from
central administration were obtained from the budget of the hospi-
tal overall and covered the cost of essential central functions such
as utilities and purchasing and contracting services. These were
attributed according to the pediatric oncology unit share of total
inpatient admissions (11.2%).

For inpatient “hoteling” costs, we used the World Health Orga-
nization (WHO)-CHOICE" value for El Salvador for 2008, updated
to 2016 using the US consumer price index."? For intensive care unit
beds, we multiplied this value by 3.5, the ratio of the cost per day for
the intensive care unit compared with that of a regular hospital bed
in the El Salvador government fee structure.
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Table 1. Variables and Sources Included in the Cost-Effectiveness Model

Variables Values Values
Discount rate 0.03 (0, 0.06) WHO-CHOICE
El Salvador life expectancy, 2015 (latest available) | 73 World Bank
Mean age at diagnosis 6 HNNBB-provided data
Duration of disability (length of therapy) 2 Assumed length of

therapy

Disability weight during therapy 0.288 GBD 201614
Utility score at age 24 y using MEPS® 0.826 Yeh 201615
Utility score at age 35 y using MEPS? 0.81 Yeh 201615
Utility score at age 24 y using CCSS survivors® 0.779 Yeh 201615
Utility score at age 35 y using CCSS survivors® 0.766 Yeh 201615
No. of new incident cases 181 HNNBB-provided data
Proportion of patients with 5-y overall survival 0.49 HNNBB-provided data
El Salvador GDP per capita 2015 (latest available) | 4219 World Bank

Abbreviations: CCSS, Childhood Cancer Survivor Study; GBD, Global Burden
of Disease; GDP, gross domestic product; HNNBB, Hospital Nacional de Ninos
Benjamin Bloom; MEPS, Medical Expenditures Panel Survey; WHO, World
Health Organization.

* MEPS provides utility weights generalizable to the US general population.'s
*CCSS provides utility weights for late effects for those who received treatment
for cancer in childhood."”

The number of inpatients and outpatients per year, the number
of new childhood cancer cases per year, and estimated survival rates
were taken from the Morbi- Mortality Information System of the
Ministry of Health of El Salvador (SIMMOW),"”* which is based on
the population-based pediatric cancer registry maintained by HNN-
BB. To make cost-effectiveness estimates, we assumed that all chil-
dren diagnosed with cancer would die if left untreated. Five-year
survival rates were obtained from the registry, using data from new
cases for 2012 through 2016. We compared the costs of treatment in
2016 with 5-year survival data to 2016, thereby using a prevalence
rather than incidence-based calculation.
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Cost-Effectiveness Analysis

Cost-effectiveness was calculated using the disabilityadjusted li-
fe-years (DALYs) approach used by the Global Burden of Disease
(GBD)" study. Full details and citations of model variables used are
provided in Table 1."'7 Full model calculations of years of life lost
and years lived with disability were adapted from previously publi-
shed models,'® and are available for review in Supporting Informa-
tion Table 1. Because the average length of therapy varies based on
the type of cancer, we used an assumed average of 2 years “on thera-
py” to calculate years lived with disability.

We also varied 3 parameters in sensitivity analyses: discount rate,
extent of excess long-term morbidity, and years of life lost as a result
of earlier mortality due to late effects associated with cancer. First, a
discount rate of 3% was used for the base case, with alternate values
of 0% and 6%. Second, to address the observed excess morbidity as-
sociated with surviving childhood cancer,”” we used published utility
scores from the Medical Expenditure Panel Survey (MEPS),'s a sam-
ple representative of the US general population, and the Childhood
Cancer Survivor Study (CCSS), a prospective cohort survey of 5-year
cancer survivors in the United States and Canada, to derive proxy
disability weights. This approach was selected because the GBD does
not account for cancerrelated late effects and no disability weight for
survivorship exists within the GBD framework.” To derive a disabi-
lity weight to account for the excess morbidity associated with child-
hood cancer treatment, the proportional difference between MEPS
and CCSS utility scores at any given age was used. MEPS and CCSS
data are only available at 3 age points, and therefore 1-way interpola-
tion was applied to obtain weights at different ages within the range of
known data points. Finally, to account for early mortality, we varied
a possible reduction in life expectancy from 0% to 30%, a range that
incorporates estimates of early mortality from the United States.”**' In
total, 15 scenarios thus were modeled (sensitivity analysis).

Final cost-effectiveness analyses were calculated for each sce-
nario in both the base case and the sensitivity analyses. As per
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WHO-CHOICE criteria,' an intervention is considered to be “cost
effective” if the cost to avert 1 DALY is between 1 to 3 times a coun-
try’s gross domestic product (GDP) per capita. The intervention is
considered to be “very cost effective” if the cost is <1 times the GDP
per capita. Interventions costing >3 times the GDP per capita per
DALY averted are not considered to be costeffective.

Table 2. Annual Costs of Operating a Pediatric Oncology
Department by Major Cost Category

Input Quantity |Annual Cost, | Percentage
uss of Total Cost
Personnel
Medicala 65 FTE 840.6
Nonmedicalb 20 FTE 280.6
Subtotal: personnel 1121.2 21.6
Hoteling
General wardc 3.63/d (average) | 61.9
ICU 0.92/d (average) | 57.3
Local housing and per diem for families 5 families/d 116.9
Subtotal: hoteling 236.1 4.5
Subtotal: outpatient clinicd 135.1 2.6
Subtotal: other services (training, laboratory 69.4 1.3
information)

Shared hospital medical services

Pathology 600.0

Pharmacy 1654.8

Radiation 51.9

Imaging 71.2

Surgery (operating room) 130.0

Blood services 510.6

Subtotal: shared hospital medical services 3018.5 58.1
Subtotal: utilitiese 78.3 1.5
Subtotal: central administration coste 537.6 10.3
Total 5195.8 100.0

Abbreviations: FTE, full-time equivalent; ICU, intensive care unit.

“Includes oncologists (4 FTE), pediatricians (3 FTE), radiation oncologists (4
FTE), pharmacists (4 FTE), nurses (40 FTE), a general surgeon (1 FTE), an or-
thopedic surgeon (1 FTE), neurosurgeons (4 FTE), pathologists (2 FTE), labora-
tory technicians (2 FTE), and a pain specialist (1 FTE).

® Includes a departmental registrar (1 FTE), a cancer registrar (1 FTE), oncologi-
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cal psychiatrists (2 FTE), social workers (2 FTE), an ambulance driver (1 FTE),
secretarial support (3 FTE), managers (3 FTE), warehouse personnel (2 FTE), an
accountant (1 FTE), and data entry personnel (3 FTE).

“Includes cost of cleaning, maintenance, laundry, food for patients, etc. Costs of
cooks (3 FTE), maintenance personnel (7 FTE), and security personnel (2 FTE)
are incorporated here.

4Includes space cost for outpatient clinic; treatment costs for outpatients are
included under various treatment headings.

¢ Includes the unit’s share of central utilities andpurchasing and contracting ad-
ministration costs, weighted by cancer unit share of Hospital Nacional de Ninos
Benjamin Bloom total inpatient stays (11.2%).

Results

A total of 907 new cases of childhood cancer were treated at
HNNBB between 2012 and 2016. This cohort included 434 cases of
leukemia (47.9%), 355 (39.1%) of which were acute lymphoblastic
leukemia. The remaining cases included cases of lymphoma (94 ca-
ses; 10.4%), central nervous system tumors (88 cases; 9.7%), and va-
rious extracranial solid tumors (291 cases; 32.1%). The 5-year overall
survival rate for the entire cohort was 48.5% + 5.6%. Of the entire
cohort, only 1 patient withdrew from therapy.

Table 2 summarizes the total cost and its major components. Su-
pporting details (unit costs and quantities) are shown in Supporting
Information Table 1. Personnel and shared hospital medical services
accounted for approximately 88.8% of costs. The largest individual
costs were personnel (24.0%), pathologic diagnosis (12.9%), phar-
macy (including chemotherapy, supportive care medications, and
nutrition; 35.5%), and blood services (11.0%). All other categories
(radiation, imaging, surgery, hoteling, utilities, and “other”) accoun-
ted for <11% combined. The annual cost totaled $5.2 million (ie,
$28,707 per year per newly diagnosed child).

The financing of care for pediatric oncology costs came prima-
rily from 2 major sources: the government and HNNBB’s nonprofit
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foundation Ayudame a Vivir. Ayudame a Vivir covered the salary
of 30 medical personnel (20 of the 40 nurses, 2 pediatricians, 4 on-
cologists, 3 laboratory technicians, and a portion of the salary for 1
surgeon). The same foundation also covered all costs related to diag-
nostic pathology, chemotherapy, supportive care medications, and
anesthesia associated with radiotherapy. The government contribu-
tory social security scheme, Institute of Social Security, covered the
cost of the time needed for radiotherapy and the salary of 4 radia-
tion oncologists. ASAPAC covered the cost of room and board for
families accompanying their children. St. Jude’s Children’s Research
Hospital provided significant funding to Ayudame a Vivir historica-
lly, and continues to provide about 10% of the funds raised annually
by the foundation. St. Jude’s also provides significant technical and
educational assistance, both of which were felt by stakeholders to be
critical to HNBBB's historical success. The government covered all
other costs within the pediatric oncology unit. In total, just greater
than one-half of the associated costs of treatment were financed by
the government (52.5%), with the rest provided by Ayudame a Vivir
(42.9%), other foundations (1.3%), and the social security contribu-
tory scheme (3.4%). This calculation excludes the $616,000 in costs
of central hospital administration and utilities.

The parameters used to determine the costeffectiveness of trea-
ting childhood cancer in El Salvador are detailed in Table 1. The re-
sults of the analysis are summarized in Table 3. The cost to avert 1
DALY in the base case model (no early mortality or excess morbidi-
ty; 3% discounting) was $1624 compared with El Salvador’s GDP per
capita of $4219 in 2015 (GDP data for 2016 were not yet available).
This is very cost effective as per WHO-CHOICE criteria. In 2-way
sensitivity analyses that allowed for variation in the discount rate
weights, possible excess morbidity late effects as a result of child-
hood cancer therapy, and possible early mortality as a result of child-
hood cancer therapy, the resultant costs always remained very cost
effective (ie, below the threshold of 1 times the GDP per capita).

36

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

Table 3. Cost per DALY Averted, Base Case and Sensitivity Analysis

Discounting
Scenarios of LEa and Late Effect Morbidity | 0% 3% 6%
Base case (normal LE, no utility $878 $1624 $2857
adjustment for late effect morbidity)
Normal LE plus utility adjustment for late | $936 $1643 $2866
effect morbidity
10% reduction in LE plus utility $1038 $1681 $2885
adjustment for late effect morbidity
20% reduction in LE plus utility $1186 $1747 $2923
adjustment for late effect morbidity
30% reduction in LE plus utility $1382 $1851 $2995
adjustment for late effect morbidity

Abbreviations: DALY, disability-adjusted life-year; LE, life expectancy.

a Decrements in LE.15,30

Discussion

To the best of our knowledge, the current study is the first publi-
shed study to date describing the costs, financing, and cost-effecti-
veness of a comprehensive childhood cancer treatment center in an
LMIC. Previous work in this area has calculated the costs for specific
childhood cancer treatment protocols, often not taking into account
patients who do not complete treatment, and has not presented cos-
teffectiveness estimates.’” The current analysis suggests that treating
selected childhood cancers within the context of a high-functioning
center is a very cost-effective opportunity in an LMIC. In the current
study, we developed a reporting tool to assist health centers when
calculating the complete costs necessary to treat childhood cancer.
In addition, after applying this tool at HNNBB in El Salvador and
combining our cost estimates with the survival data available, the
results herein demonstrated that even when late effects and early
mortality are incorporated, childhood cancer treatment strategies in
El Salvador are very cost effective as per the WHO-CHOICE defini-
tions used to prioritize health interventions.
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We found that the cost per year per newly diagnosed case was
$28,707. This per-patient cost generally is higher than treatment
costs reported in studies for individual cancers for LMICs.*” Studies
of individual cancers often do not include costs for those patients
who abandon therapy or who die of treatment-related toxicity. Glo-
bal costs associated with running a childhood cancer unit also rarely
are included. Therefore, the data provided in the current study are
more comprehensive and reliable.

At the same time, these results highlight the issue of affordabi-
lity as being distinct from cost-effectiveness. The cost per year per
newly diagnosed case of $28,707 compares with a per-capita health
expenditure in El Salvador in 2014 of only $280 (data for 2016 were
not yet available). ** Therefore, the question of how childhood can-
cer treatment can be successfully financed in LMICs is of significant
importance.

In the case of HNNBB, the hospital has been successful in main-
taining a strong program with the assistance of private foundations
that provided 44.2% of the funding for pediatric oncology (not coun-
ting the central hospital administration costs). The hospital founda-
tion Ayudame a Vivir funded all chemotherapy and supportive care
as well as key personnel (approximately one-half of the complement
of nurses, all the oncologists, and both pediatricians). Ayudame a
Vivir has supported the unit for >25 years, and is currently funded
predominantly (approximately 94%) through Salvadoran philan-
thropy and revenue streams. Strong support from charitable foun-
dations also has been described as a key component of successful
childhood cancer treatment centers in other countries.*** Such su-
pport may include the financing of core and ancillary costs, edu-
cational campaigns, family support groups, and advocacy targeting
governments and other stakeholders. Without the support of Ayu-
dame a TABLE 3. Cost per DALY Averted, Base Case and Sensitivity
Analysis Discounting Scenarios of LEa and Late Effect Morbidity 0%
3% 6% Base case (normal LE, no utility adjustment for late effect
morbidity) $878 $1624 $2857 Normal LE plus utility adjustment for
late effect morbidity $936 $1643 $2866 10% reduction in LE plus uti-
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lity adjustment for late effect morbidity $1038 $1681 $2885 20% re-
duction in LE plus utility adjustment for late effect morbidity $1186
$1747 $2923 30% reduction in LE plus utility adjustment for late
effect morbidity $1382 $1851 $2995 Abbreviations: DALY, disabili-
ty-adjusted life-year; LE, life expectancy. a Decrements in LE.15,30
Cost of Childhood Cancer Treatment in El Salvador/Fuentes-Alabi
et al Cancer January 15, 2018 395 Vivir and other foundations, the
ability of HNNBB to achieve the cancer outcomes described in the
current study would likely be severely impacted.

Charitable support also allowed the unit to hire psychologists and
social workers, who have been key to reducing treatment abandon-
ment.”” Abandonment of treatment, a complex phenomenon with
multiple contributing factors, represents a common cause of treat-
ment failure in many LMIC settings.”**® The parental foundation
ASAPAC also was instrumental in decreasing local abandonment
rates by funding accommodation; per diems; and, when necessary,
medication for parents with limited incomes. Future costing studies
in LMIC childhood cancer therefore must include costs associated
with psychosocial and family support because they are integral de-
terminants of survival outcomes.

Limitations of the costing component of the current study in-
cluded the inability to fully cost all inputs. For example, we did not
have a cost estimate associated with the rental of space for inpatients.
We assumed that the hospital rates charged for services such as ope-
rating theaters, pathology, and radiation included the amortization
costs of equipment. We did not have financial records to allocate
the shared services of surgery, imaging, and radiotherapy, and re-
lied instead on self-reporting by key personnel concerned. However
these 3 components combined account for <5% of the overall treat-
ment cost, and thus any resultant recall bias or misclassification is
likely modest in size. Because we only examined costs incurred at a
children’s hospital, costs associated with the late effects of treatment
among cancer survivors after the age of 14 years (at which time they
would be treated at an adult hospital) were not included. We also did
not include indirect costs borne by the families (loss of work time
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caring for their child, traveling to get treatment, additional costs of
medication, etc.) and instead restricted our analyses to the perspec-
tive of the hospital. Other studies for LMICs have shown that indi-
rect costs often can be considerable for the family and can lead to
treatment abandonment. * Despite these limitations, to the best of
our knowledge the current study represents the most comprehensive
costing of LMIC childhood cancer treatment to date.

Limitations of the cost-effectiveness analysis mainly are a reflec-
tion of the lack of LMIC-specific late-effect data in the published
literature. The GBD does not account for late effects of cancer (child-
hood or adult) in their DALY estimation methods. We instead used
utility estimates for childhood cancer survivors' in an American
population that may not reflect cultural variations in health-related
quality of life. In addition, although early mortality*> * for child-
hood cancer survivors is well described in high-income countries,
the question of whether these data are generalizable to LMICs is un-
certain. To the best of our knowledge, there currently are no LMIC
survivorship cohort studies with which to anchor our sensitivity
analysis. Weaker health systems in LMICs would suggest that pa-
tients who develop early morbidity would die even earlier due to the
lack of appropriate care, potentially making the results of the current
study overly optimistic. Conversely, LMIC treatment protocols often
are of lower intensity than those used in high-income countries due
to less robust supportive care options (ie, infection control, intensive
care, stem cell therapy). Late effects in LMIC survivors may thus be
less severe compared with cohorts in high-income countries. It is
important to note that sensitivity analyses increasing the theoretical
burden of cancer survivorship in the current study did not chan-
ge the cost-effectiveness of treatment. Finally, the generalizability of
the current study results to other LMIC settings and other models
of childhood cancer care delivery are unknown. Efforts to duplicate
these analyses in other LMIC jurisdictions currently are underway.

The results of the current study provide a framework for repor-
ting the costs of maintaining a comprehensive childhood cancer
treatment center in an LMIC and have shown that investments in
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this program are very costeffective. These results need to be duplica-
ted in other LMICs, preferably of different income levels. The inclu-
ded tools developed for the current study may be useful in such du-
plications. Patient advocates and policymakers can use the current
study results to inform national childhood cancer strategies that aim
to improve childhood cancer outcomes in LMICs. Additional future
work will identify costs for treating specific childhood cancer sub-
groups to help prioritize the allocation of resources.
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Objective. In order to reduce nonadherence and treatment aban-
donment of children with cancer in El Salvador, institutions located
nearby the patients’ homes were involved to provide support. Me-
thodological approach: Health clinics and municipality offices in the
patients’ communities were asked to assist families who were not
promptly located after missing hospital appointments, or those whose
financial limitations were likely to impede continuation of treatment.
Data was collected about the number of contacted institutions, the
nature of help provided, staff's time investments, and parents’ percep-
tions about the intervention. Findings: Local institutions (133 from 206
contacts) conducted home visits (83), and/or provided parents with
money (55) or transportation (60). Parents found this support essen-
tial for continuing the treatment but they also encountered challenges
regarding local institutions’ inconsistencies. Nonadherence and aban-
donment decreased.

Implications. Economic burden was reduced on both the families
and the hospital. Involvement of external institutions might become
regular practice to support families of children with cancer.

Keywords: abandonment of treatment; adherence; childhood cancer;
community resources; developing countries; parents experiences.

Background

Nonadherence to treatment is defined as an inadequate intake
of prescribed medication or intermittent attendance at medical
appointments, and this may affect cancer therapy outcomes by lowe-
ring the treatment efficacy and increasing the risk of relapse (Butow
et al., 2010). In low- and middle-income countries (LMIC), treat-
ment abandonment is a significant cause of failure of childhood can-
cer treatment (Arora, Eden, & Pizer, 2007; Howard, Pedrosa, & Lins,
2004; Spinetta, Masera, & Eden, 2002) and can be considered an ex-
treme form of nonadherence (Sitaresmi, 2009). Both nonadherence
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and treatment abandonment need to be addressed for children with
cancer in less advantaged settings.

Based on a systematic review (Gupta, Yeh, & Martiniuk, 2013), the
magnitude of reported abandonment varies widely, as much as from
0% to 74%, and interventions to reduce it have not been systematica-
lly reported, such that it is difficult to provide comparable examples
for success or failure along the varied geographic and cultural regions
where it occurs. Interventions to address abandonment encompass
providing material aid, improving standards of care, and providing
families with better information on disease and treatment (Howard,
Ribeiro, & Pui, 2005; Spinetta et al., 2002). Specific examples include
introducing a medication diary for children with acute lymphoblastic
leukemia (ALL) in Indonesia (Sitaresmi, Mostert, Gundy, Ismail, &
Veerman, 2013) and providing extensive cancer and treatment infor-
mation, along with assistance with transport expenses and other family
needs, in Brazil and Central American countries (Howard et al., 2004;
Howard et al., 2005; Rossell, Gigengack, & Blume, 2015). However, a
cancer diagnosis also causes a family to lose income during hospital
attendance and incur expenses not covered by institutional subsidies
(Israels et al., 2008; Mostert, Gunawan, & Wolters, 2012; Tsimicalis,
Stevens, Ungar, Mckeever, & Greenberg, 2011). Aid provided in the
community might positively influence parents’ decision-making and
their ability to attend their child’s treatment.

Collaborative strategies involving multiple local institutions or
resources in LMIC have not been well developed or documented.
However, community resources, specifically nonprofessional heal-
th care workers, have been used successfully in constrained settings
to supplement facility-based medical services, especially for mental
health care and for preventing infant and maternal mortality (Ha-
ver, Brieger, Zoungrana, Ansari, & Kagoma, 2015; Selamu, Asher, &
Hanlon, 2015). Even though cancer treatment cannot be referred to
local clinics, similar strategies involving resources that are not ne-
cessarily health related can provide support for completing medical
treatment.
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The Salvadoran childhood cancer program

In El Salvador, governmental resources do not cover the expen-
ses of long-term care or treatment other than medicines and medi-
cal attention in national hospitals. Therefore, the support of non-
governmental organizations (NGOs) is needed to guarantee a basic
level of services for chronic diseases like childhood cancer. All chil-
dren younger than 12 years who are newly diagnosed with cancer
(approximately 200/year) receive free treatment, regardless of their
socioeconomic status (SES), at the Benjamin Bloom National Pe-
diatric Hospital, which is supported by two nonprofit groups: the
Fundacién Ayudame a Vivir (FAV) [Help Me to Live Foundation]
and the Asociaciin Salvadorefia de Padres y Amigos de Nifios con
Céancer (ASAPAC) [Salvadoran Association of Parents and Friends
of Children with Cancer].

Strategies to reduce abandonment in El Salvador have mostly tar-
geted the psychosocial and financial needs of the families. Improved
diagnostic communication procedures were based on a multidisci-
plinary team approach involving a nurse educator, psychologists, so-
cial workers, and a physician, leading to better informed parents and
children (Rossell Curco, 2001). Provisions for the poorest families
include meals and accommodation for parents staying at the hospi-
tal with their child, money for transportation, payment for imaging
and screening tests performed outside the hospital, food baskets for
families returning home after a hospitalization, and payment of fu-
neral expenses (Bonilla, Rossell, & Salaverria, 2009). The multidis-
ciplinary team determines the kind and amount of assistance that
a family receives based on the social worker’s evaluation and team
discussions in special cases. These interventions improved the qua-
lity of psychosocial services, and the rate of treatment abandonment
decreased substantially from 22% in 1999

(Bonilla, Moreno, & Marina, 2000) to 13% over the past decade

(Bonilla et al., 2009). In 2011, the introduction of the time sensiti-
ve adherence tracking procedure (TS-ATP) for patients who missed
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hospital appointments, provided the first reliable data on treatment
absenteeism in El Salvador and helped further reduce abandonment
rates to 3% in the reported years of 2011 and 2012. The main rea-
sons for missing appointments were (1) lack of funds; (2) unexpec-
ted events, such as weather conditions or transportation problems;
and (3) circumstances related to family dynamics, such as another
family member being ill or the primary caregiver having conflicting
responsibilities (Salaverria, Rossell, & Hernandez, 2015).

The TS-ATP was a teamwork strategy linked to the patient’s
scheduling system: patients who missed appointments for treatment
or medical checkup were detected and contacted on the same day of
the absence. If contact failed, local institutions, such as health units
and municipalities were asked to locate the families, and to help
them, especially if their absenteeism was related to a lack of money
or transport.

The process of early detection and reaction in the TS-ATP was
possible due to an improved computer-based management of the
steps involved in each child’s hospital appointment. The appoint-
ment and the steps expected were programmed in advance in each
clinical visit according to the treatment protocol, and the personnel
involved in each step would carry out specific checks that allowed
them to quickly detect when a child missed either an appointment
or a step of the programed plan. Close follow-up of each absent child
and the result of the contact were registered in a database (see Sala-
verria et al., 2015 for the detailed TS-ATP strategy). The success of
the intervention resulted in the expansion of the contact with local
institutions to include families at high risk of abandoning treatment
(e.g., for a lack of financial resources), even if they had not missed
hospital appointments.

Here we report our experience soliciting voluntary support from
community institutions as an additional strategy to address and pre-
vent absenteeism and treatment abandonment, and how parents ex-
perienced and perceived this intervention. The registered informa-
tion and interview data on which this report is based has come out
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of the continuing process of improvement and expansion of the TS-
ATP strategy. By coming out from an ongoing intervention, this re-
search resembles most closely action research (Berg & Lune, 2012),
in particular due to the progressive systematization of data collec-
tion and the importance of reflexive analysis along the intervention.

Method

This is a mixed-methods exploratory research in which we crea-
ted a database recording patients’ absences and the follow-up activi-
ties by hospital staff in regard to secure treatment continuation, and
community institutions participation. Subsequently, we followed up
with qualitative interviews with parents and staff members to provi-
de insight into the tally of our database, especially in regard to the
usefulness of community resources to prevent absenteeism and/or
abandonment.

Setting and patients

Most families who come to the Benjamin Bloom National Pedia-
tric Hospital are poor, as one-third of the population of this country
lives in poverty (World Bank, 2015). Data from the social worker’s
assessment of families’ SES reveals that approximately 70% of fami-
lies in the program survive on a monthly income of less than US$50
from informal, temporary jobs. Families who earn up to the mini-
mum wage ($250) are 16%, and only 14% reach an income higher
than that. Approximately half of the children come from rural areas.

On admission, the social worker, psychologist, and nurse educa-
tor assess the family’s resources and general risk factors that could
hinder the child’s completing treatment. Besides the social worker’s
socioeconomic questionnaire (inquiring location and type of house-
hold, number of family members, breadwinning activities, average
expenses, etc.), the psychologist and the nurse educator individually
conduct interviews and assess the family while providing informa-
tion from their area of expertise, which complements medical and
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practical information for the functioning of the newly diagnosed fa-
milies at the hospital. This interaction provides the team with a sense
of the social risks and resources of the family, as well as personal and
family attitudes toward the new condition they have to adapt to. Fa-
milies identified as socially or economically vulnerable to the extent
that treatment attendance is at risk receive special attention.

Contact with local community institutions

To help locate missing patients and prevent absences of children
with significant economic or other limitations, parents were offered
the option of having hospital staff contact a local office in their com-
munity to request support. All the families accepted the offer. A psy-
chologist or social worker contacted the local municipality offices
or health units (local national clinics for primary health care within
their designated area) by phone, if a child missed an appointment
and could not be located promptly. The community institutions sent
social or health promoters to visit the family at home, to help or
encourage them to return to the hospital, and subsequently repor-
ted their findings to hospital personnel. Through follow-up phone
calls or letters from the hospital, continuing help for the families was
coordinated with the collaborating community institutions.

In the case of families identified as being socially or economica-
lly vulnerable (regardless of missing hospital appointments), contact
with community institutions would take place through a letter sent to
the parents. Personnel at these institutions were informed of the child’s
diagnosis, the importance of treatment, and the value of their voluntary
support in enabling the child to continue treatment. The request for
help was general and open to the available resources of each institution.

Data collection and sources of information

The data presented here are drawn from a database that trac-
ks patient absences and subsequent follow-up action. This report
analyzes the data collected from January 2011 to December 2013.
First, the database records interactions with the community institu-
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tions, and contains entries on frequency of and reasons for children
missing appointments, the number and type of community institu-
tions contacted for help, their responses, and the type of help they
provided.

Second, the database records follow-up contact with the fami-
lies. For each missed appointment, members of the psychosocial
team phoned the parents and asked the reason for their absence.
Follow-up interviews were held at the hospital in cases where in-
formation by phone or previous contacts seemed insufficient, con-
tradictory, or was not possible. The parents were asked the type of
obstacles they had for attending treatment, main possible solutions
at hand, chances for such obstacles to represent a regular problem
for treatment adherence, etc.

In order to gain a better understanding of these obstacles and
how follow-up might be improved, NR and CS conducted qualita-
tive in-depth interviews with a select number of parents (17). Du-
ring these interviews, parents were asked their opinions about the
help received or their experience with the local institutions, which
allowed us to get a better sense of the lived experience of the families
assisted by these services. We include some of the stories told by the
parents below.

In addition to these interviews, our analysis is guided by NR’s
participant observation of the multidisciplinary team activities, in-
cluding staff procedures meetings and case discussions. Also, infor-
mal interviews with hospital staft were held to know their opinions
and lessons learned from the handling of the inter-institutional re-
lations and contacts, their view of the parents’ involvement, and the
main difficulties encountered in the inter-institutional exchanges. In
short, the qualitative follow-up was meant to provide a better un-
derstanding of the strengths and weaknesses of this intervention,
and its impact on parent’s perceptions of, and engagement with, the
treatment.
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Results
Resources and mobilized support

During the 3-year period reported here, the hospital team con-
tacted 118 community institutions to help 206 children: 110 health
units or municipality offices, 7 local NGOs, and 1 church. Each te-
rritorial area (village or town) has municipal offices and health units
that provide services within definite geographic limits. The institu-
tions were contacted based on the correspondent territory to which
each family belonged. Some institutions were contacted twice or
more if more than one family happened to live in their area of in-
fluence. NGO’s or churches were contacted if the parents reported to
the hospital staff that such institutions ran relevant projects in their
town.

In most cases, the community personnel showed interest and
willingness to help the family, whether or not they actually followed
through. No response or help was obtained in 73 cases (35%). Of
those institutions that responded positively, 83 searched for absent
patients, 60 transported parents to the hospital in institutional ve-
hicles, 55 provided money for travel expenses, 7 provided food bas-
kets, and 23 provided a one-time-only monetary aid. A total of 128
children (62%) benefited from this collaboration, resulting in an
estimated expenditure of US$27,700, or approximately US$72 per
child per year (this calculation considers only costs of transportation
and travel expenses).

In the process of locating absent parents and the follow-up once
they returned, 1,913 phone calls and 873 face-to-face interviews
were conducted, enquiring parents about reasons for absences, and
considering new more effective alternatives of help especially in ca-
ses of repetitive absences. The length of the interviews varied from

5 to more than 60 minutes, but most of them (87%) took less than
half an hour.
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Parents’ challenges and experiences with support

Despite the help received through community institutions, at-
tending hospital appointments involved financial and nonfinancial
costs beyond transportation, food, and lodging, so the practicalities
of undergoing treatment still imposed some burden. However, the
immediate benefit gained from solving a financial or practical diffi-
culty made the whole effort seem worthwhile.

Parents provided with transportation arrived at the municipality
office or other meeting point early in the morning. Those who recei-
ved bus fare in cash had to phone or visit the community office to
learn when they could obtain the money.

The families incorporated these procedures into their routines
for attending treatment. The two main difficulties parents reported
were irregularities in the local institutions’ systems that resulted in
a vehicle or money being unavailable, and lack or irregular access
to the appropriate contact person. Parents often had to call or visit
the office repeatedly to inquire about promised help, which depleted
their phone credit or funds for public transport. On other occasions,
parents were uncertain if local institutional help would be available
until the last minute. In all cases, parents needed to coordinate home
logistics in advance, for example, arranging food, household chores,
or more complex matters, so that family activities could continue
while the caregiver was at the hospital. In some cases, the need to
coordinate logistics with the community institution in addition to
the hospital required parents to modify their plans. For example, one
mother explained that if the institutional vehicle was late arriving at
the meeting point, she would set off for the hospital by bus to avoid
being late and thereby delaying the treatment process until later that
day. If that happened, she might stay in the hospital’s temporary ac-
commodation overnight rather than risk returning to her home in
an unsafe area in the late afternoon or evening, but this precaution
interfered with her domestic responsibilities, and her family worried
if she could not notify them of her changed schedule.
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Another mother stayed overnight with fellow church members
who lived closer to the center of the municipality, so that she could
leave for the hospital early in the morning without having to walk a
long way through the forest in the dark. However, this required her
to make arrangements at home 2 days before her child’s appointment.

One father would visit the municipality every week on the day
before his child’s appointment to receive money for the bus. Occasio-
nally, funds were unavailable and he had to borrow money from nei-
ghbors. Asking neighbors for small and frequent loans is common in
El Salvador, but when parents counted on a secure source of financial
assistance from a local institution, this unanticipated lack of funds ad-
ded last-minute obstacles to attending their child’s appointment. Some
parents had no money other than that received from the local com-
munity institution, whereas others had small savings.

One father rejected an offer of municipal transportation because
the vehicle was only available when other errands were run in the
capital, requiring the father to adapt his trip to the driver’s schedule
and priorities. The father considered that he could not risk his child’s
scheduled treatment, despite greatly needing this support.

Overall, parents found the help from their local communities
useful and, for some, even essential for attending their child’s treat-
ment. Parents were generally thankful, and most dismissed incon-
veniences as unimportant, assuming they were unavoidable. One
mother said: “Probably I wouldn’t come [to the hospital] without this
help. When they get delayed [providing her with bus fare], I bake and
sell some bread and I travel with that money. I can’t work every day
because I have to be here [at the hospital] so often.”

The support was sometimes intermittent. George, a teenager
whose leg was amputated, travels to the hospital approximately 12
times a month by taxi, which costs $24, a sum his mother cannot
afford. The day before each appointment, his mother calls the muni-
cipality for assistance, but institutional transport is frequently una-
vailable: “..at the end, calling is useless because most of the times they
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can’t take me to the hospital. Sometimes, I have to wait long before they
come to pick me up, but I do not complain because they are not obliga-
ted to do this; I call them because I have need of their help.”

In contrast, Francis’ mother is highly satisfied with the help offe-
red by her municipality. She lives in a village 2 hours from the hos-
pital. Francis is an 11-yearold with a brain tumor that impairs his
walking, and he sometimes uses a wheelchair. “Only twice they [the
municipality] could not take us to the hospital. Once I called the driver
the day before [the appointment] and he confirmed that he would pick
us up at home at 4:00 am, as usual. Right after he called back and said
that the car had no gasoline left, I managed to tell some friends the pro-
blem and I collected $20.00 from them. With that we traveled by bus.
The social worker at the hospital gave me $5.00 to help me to return
home. I haven't missed one single appointment in the whole year.”

The psychosocial team’s experience

The repeated exchanges between hospital personnel and local
community institutions enhanced collaboration, provided local per-
sonnel with information about childhood cancer and the importan-
ce of treatment adherence, and increased awareness of the parties
involved about how the community institutions and the oncology
team provided their respective services. According to the perception
of the hospital staff, the personal interest and professional skills of
particular community functionaries made the help more efficient for
families, and likewise, uninterested individuals were more difficult
to work with, and their provision of help was less reliable.

Either the social worker, nurse, or psychologist would take up
the role of contacting third-party institutions, and usually they
would follow a case from beginning to end to avoid unnecessary
reupdating. Because the appointment frequency varies according to
the child’s diagnosis, it was difficult for the hospital team to have
up-to-date information about the continuity of institutional help
and to track each child on a frequent basis. Case monitoring was
done mainly when parents reported issues requiring institutional fo-
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llow-up, particularly when the parents were receiving support on a
more or less regular basis but irregularities were becoming too fre-
quent. The hospital staft would call and inquire about the situation,
and try to establish whether something could be done on the part of
the hospital, like, in some cases, reconsidering a treatment schedule
to coincide with the community institution availability of transport.
The inter-institutional follow-up was difficult and time-consuming
because usually it would take several calls and messages to locate
the responsible functionary in the offices, or the functionaries would
have limited decision maneuver and it would require a balance of
gentle but constant pressure to get things solved.

Discussion

This article describes a strategy to avoid or diminish nonadheren-
ce to treatment appointments for children with cancer by soliciting the
participation of community institutions. Implementing the TS-ATP
and community institution support reduced the incidence of treat-
ment abandonment from 13% to 3%. (Salaverria et al., 2015) Althou-
gh the precise contribution of using community resources to lowering
the rate of abandonment is unknown, the initiative provided resources
for those families with the most need without increasing the economic
stress on the cancer support organizations. Parents found this support
essential for their child’s treatment but also encountered challenges in
making the procedure work amid irregularities.

This initiative originated in the hospital team’s experience and
understanding of the situation of the families and stimulated efforts
to mobilize community institutional support. For the hospital staft,
the benefits outweighed the extra time spent tracking and monito-
ring children outside the hospital. As a strategy to address absences
and abandonment, this initiative provided families with valuable
material resources but the element of unreliability further complica-
ted the already difficult lives of some parents. How a family percei-
ves the costs and benefits of relying on community institutions’ help
may affect the risk of nonadherence and abandonment.
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Financial scarcity as key constraint for families and
institutions

Initiatives in several countries show that improving families’ ma-
terial conditions helps reduce abandonment (Howard et al., 2004).
Asin other countries, (Suarez, Pifia, & Nichols-Vinueza, 2015) finan-
cial issues were the main reason for nonadherence to appointments
in our group of parents. The financial burden of a cancer diagnosis
includes not only the cost of specialized medicines and frequent hos-
pital visits but also the depletion of resources for family sustenance
and reduced income through missed work (Israels et al., 2008; Mos-
tert et al., 2012; Tsimicalis et al., 2011). The cost of transportation
to the hospital substantially affects family finances, particularly for
those living far away (Fluchel, Kirchhoff, & Bodson, 2014; Wakefield
et al., 2014). Therefore, transportation assistance from community
institutions addresses the most frequent cause of nonadherence to
appointments for cancer treatment.

Hospitals and foundations in LMIC have scarce resources to
meet even basic standards of care by providing additional medici-
ne and medical personnel, and the extra help that families need to
complete treatment represents a significant burden for local cancer
support programs. In such circumstances, a resource-poor program
that must cover families’ needs beyond their children’s treatment re-
quires creativity and commitment.

Individual experiences illustrate complexity of financial
limitations

Although the parents recognized their local community’s help as
essential, a few found the uncertainty of the support annoying and
disruptive. Therefore, what the hospital team saw as a general solu-
tion for families at risk for nonadherence was seen by some parents
as a new source of difficulty requiring them to deal with yet another
institution, as what started as an arrangement between institutional
representatives had to be subsequently handled by the parents.
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Parents with financial alternatives or more resources were less
willing to accommodate the conditions of community institutional
support to receive help. This shows that people value their autonomy
in decisions about the use of their time and money, even when there
is little room for maneuver. Parental decisions that appear wrong,
impractical, or lacking in priority setting might actually signify a
perceived lack of reliability of resources or weak governance at com-
munity institutional levels. Most parents could navigate a certain le-
vel of uncertainty when facing the precarious nature of community
institutional support. However, the hospital team must continue to
monitor the relationship between parents and community institu-
tions and evaluate whether the support is successful or if failures
could become a new reason or justification for nonadherence or
abandonment.

Value of team effort and community resources

Our previous findings regarding this intervention do not suggest
that nonadherence per se leads to abandonment (Salaverria et al.,
2015). Rather, the pathway to abandonment may involve other rou-
tes, and nonadherence does not usually signify abandonment unless
the motive is solely material scarcity. In cases of severe financial difh-
culties, starting interventions after the first missed appointment will
likely help the parents to not abandon treatment of their child, even
if they continue to miss appointments sporadically. Most parents with
a history of many absences will apparently continue coming as best
they can; they do not doubt the efficacy of the treatment, nor do they
intend to ultimately abandon it. This represents a primary incentive
for providing economic relief to families as a first step toward tackling
abandonment. In more complex situations, where financial issues
are only part of the motivation for abandonment, an individualized
approach by the psychosocial team and a good relationship between
the health team and the parent may provide a better basis for reducing
the number of absences and the chance of abandonment.

Cultural sensitivity and appropriate interpretation of, and res-
pect for, families’ needs are essential for the best healthcare team-
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family relationship. Cultural considerations and spiritual beliefs in
pediatric cancer treatment are studied increasingly in the face of
multicultural scenarios for health care provision (Wiener, Mcconne-
1I, Latella, & Ludi, 2013). It is equally relevant to consider how social
class, schooling, and the urban-rural divide play a role in shaping
doctor-parents relationships. Taking into account the socio-cultural
circumstances and resources of the families is essential, particularly
in settings where socioeconomic aspects play a crucial role in deci-
sion-making processes in health and other aspects of family life.

A steady, coordinated effort was a key element in the successful
outcomes of inter-institutional collaborations reported here. Also
essential was the experiential knowledge of the psychosocial team,
facilitating balanced interpretation of parent interviews, coordina-
tion of multiple perspectives to better understand needs and allocate
help, coordination with community institutions, and follow-up and
registration of each case. Through their participation, local institu-
tions became aware of the families’ situation and the optimistic out-
comes for childhood cancer treatment in the country.

Such a collaborative effort may be applied to reduce treatment
abandonment in other countries; however, fundamental conditions
must be present, such as access to phone lines to reach parents and
institutions. In countries with less efficient road and communication
networks or which lack suitably interconnected levels of attention
within the health system, establishing inter-institutional collabora-
tions can be challenging.

Our intervention was circumscribed to material resources provi-
ded to families by local community institutions. However, these insti-
tutions, together with other local resources, might create collective su-
pport, not limited to financial aid, for families struggling with a child
with cancer. If promoted or encouraged, this more comprehensive
support will likely counteract feelings of hopelessness and reduce the
incidence of abandonment. Implementing and evaluating such colla-
boration is challenging but could provide important lessons for mana-
ging childhood cancer and other health issues in constrained settings.
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Standardized screening facilitates comprehensive attention for
psychosocial needs of families of children with cancer (Kazak, Ba-
rakat, & Hwang, 2011). However, screening tools do not have indiscri-
minate use, and applicability and results, have serious validation issues
beyond the population in which such instruments have been develo-
ped. Although such instruments are not part of the clinical practice in
El Salvadoran cancer program, this report shows the relevant impact
that systematization of data collection and the analysis of clinical in-
terventions can have on the improvement of services for the families.

Further improvements of this intervention include optimizing
the psychosocial data collection, and its use for quantitative and qua-
litative analysis of the results. The Salvadoran program is integrating
information on psychosocial data and inter-institutional collabora-
tions for each patient into a computerized system. This will facilitate
the follow-up and analysis of individual cases, keeping personalized
clinical interventions, and expanding possibilities for research. This
system will serve as a tool tailored to the psychosocial needs and
circumstances of the El Salvadoran program.

Feedback from the community institutions was not collected.
Implementing strategies to hear feedback about the collaborative re-
lationship might help to improve ongoing and future interventions
and could initiate a path toward formalizing relationships between
the institutions involved. Moreover, in order to enhance its impact
and proper documentation, this experience opens up the possibility
of following up with an intervention research approach, in particu-
lar through Community-Based Participatory Research, which, by
drawing on the active participation and perspective of the parents
and the institutional functionaries, could expand our comprehen-
sion of the elements that are important to consider when trying to
understand and combat absenteeism.

Limitations

The intervention was conducted in the sole childhood cancer
treatment center in a small Central American country, precluding
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generalizations about the results. However, from the literature re-
garding treatment adherence and abandonment in LMIC, we have
identified commonalities in family challenges, and our report will,
therefore, likely be helpful to others. Another limitation is the par-
ticipation of multiple hospital professionals who gathered informa-
tion without a standardized collection tool. Therefore, these should
be considered pilot data; future data collection will be more compre-
hensive and systematic.

Conclusion

By using a committed team and basic resources for communi-
cation, a hospital can reach a family’s community and help parents
continue their child’s treatment by assembling the necessary resour-
ces. The participation of community institutions brought financial
relief to both the families and the cancer program and allowed the
children to continue treatment.

The parents’ experiences as resource beneficiaries at the center
of inter-institutional efforts must be considered when strategizing
how to streamline the procedure. Where institutional organization is
frail, individual contact and a more personalized approach can foster
goodwill as a starting point for allocating limited resources efficient-
ly. Creating stronger links among local institutions, the hospital, and
foundations, and optimizing the terms of collaboration should be
future aims of this intervention with multicenter participation.

Further progress can be achieved by developing guidelines for
this type of inter-institutional collaboration, in order to reduce the
uncertainty of support, maximize resource provision, and minimize
the burden on the families. General guidelines could include a cate-
gorization of the types of assistance or contributions expected from
the participating institutions, and, at an operational level, for those
who are in direct contact with the families in their communities, the
identification of events that should be followed up by case updates
among institutions.
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Our experience shows that a process that integrates a robust
appointment tracking system, an immediate response to absences,
and resources from community institutions to enable treatment ad-
herence can be implemented at relatively low cost to reduce treat-
ment abandonment in LMIC. The possibilities for advocating a for-
mal systematic collaboration involving diverse institutions of private
and government sectors should be considered.
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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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Background. In El Salvador, about 200 new cases of pediatric
cancer are diagnosed each year, and survival rates approach 70%.
Although treatment is available at no cost, abandonment of therapy
has remained at a steady yearly rate of 13% during the past decade.
A time sensitive adherence tracking procedure (TS-ATP) was recent-
ly implemented to detect missed appointments, identify their causes,
and intervene promptly. Procedure The study team was informed daily
of patient/family failure to attend medical appointments in the pediatric
oncology unit; the families were contacted and interviewed to ascer-
tain and address the reasons. Patients who did not return after this ini-
tial contact were contacted again through local health clinics and mu-
nicipalities. Law enforcement was a last resort for patients undergoing
frontline treatment with a good prognosis. The system was adapted

87

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

to clinical urgency: families of patients undergoing induction therapy
were contacted within 24 hr, those in other therapy phases, within 48
hr, and those who had completed treatment, within one week. Rea-
sons for absence were obtained by telephone or in person.

Results. The annual rate of abandonment was reduced from 13—
3% during the 2 years period. There were 1,111 absences reported
and 1,472 contacts with caregivers and institutions. The three main
reasons for absences were financial needs (165, 23%), unforeseen
barriers (116, 16%), and domestic needs (86, 12%).

Conclusions. Use of the treatment adherence tracking system to
locate and communicate with patients/families after missed appoint-
ments and the allocated aid stemming from these interviews substan-
tially reduced abandonment and non-adherence.

Key words: adherence; childhood cancer; developing countries; pa-
tient tracking; treatment abandonment.

Background

Abandonment of therapy, defined as either missing at least 4
consecutive weeks of scheduled treatment or not starting thera-
py after a cancer diagnosis,[1] is a major cause of pediatric cancer
mortality in low- and mid-income countries.[2-5] Although less
clearly documented, more general non-adherence to treatment
(such as intermittently missing medication doses or appointments)
can also reduce the effectiveness of therapy [6] and may predict a
greater risk of abandoning treatment. The World Health Organi-
zation defines adherence as “the extent to which a person’s beha-
vior... corresponds with agreed recommendations from a health
care provider”’[7] Parents or caregivers are generally responsible
for adherence to their child’s therapy appointments and therefore
can provide insight into the causes of non-adherence and aban-
donment of therapy.
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Low adherence to medication, such as missing chemotherapy
appointments, has been observed in young patients with cancer;
[8,9] they may experience lower cure rates as a consequence,[8-10]
including the relapse of highly curable malignancies. The impact of
poor therapy adherence on survival has not been reported in chil-
dren with cancer, but it may partially explain their relatively low sur-
vival rates in low- and mid-income countries.

Medications, diagnostic procedures, and treatment for child-
hood cancer are provided free of charge at El Salvador’s national
pediatric hospital in San Salvador, and psychosocial and financial
support, food and shelter are available to families. Although these
measures have substantially reduced abandonment, it has remained
at approximately 13% over the past decade and is still an important
cause of treatment failure.[11] Therefore, additional factors in the
abandonment of treatment remain to be identified.

Focusing adherence to treatment appointments, we reasoned that
a first missed appointment could be interpreted as a “cry for help”
and could provide important information about the unaddressed ba-
rriers to treatment. The systematic documentation of missed therapy
appointments recently became possible in our unit, when an electro-
nic tracking system was implemented for follow-up of all patient care,
including admission, clinic visits, clinical examination, and chemo-
therapy prescription, preparation, and administration. This system
also allowed the prompt detection of failure to appear for schedu-
led clinical visits. When a patient was considered a “no show;” the
psychosocial team made family contact, obtained the reasons for the
absence, and discussed possible options of help. In a similar initiative
to the one we are reporting here, Kumar et al.[12] showed that inter-
ventions are more effective in a preventive frame instead of after an
event of abandonment, which supports our methodology departing
point of delivering tailored counseling and solutions once the first
signs of discontinuity were detected. Here we describe the implemen-
tation and results of the time-sensitive adherence tracking procedure
(TSATP) over a period of 2 years. The procedure was prospectively
designed to allow [1] systematic detection and recording of absen-

89

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

ces,[2] contact with the patient’s caregivers,[3] documentation of re-
asons for the absence,[4] instruction of parents about the importance
of adherence, and [5] appropriate interventions to overcome barriers
to a prompt return and prevent further absences.

Patients and methods
Patients and Setting

El Salvador has approximately six million inhabitants, of which
29% are children less than 14 years of age.[13] About 200 newcases
of childhood cancer are diagnosed each year at the oncology unit
within the national children’s hospital (Hospital Nacional de Nifos
Benjamin Bloom), in San Salvador. This is the only referral center
for childhood cancer treatment in the country. According to hospital
data, approximately 70% of patients’ families live in extreme poverty,
having no fixed income; they survive on informal, temporary work
and have a monthly income below $50. Sixteen percent live in po-
verty (monthly income<$250), and only 14% live above the poverty
level. Despite high poverty levels among the population, all Salvado-
rans own a cellular phone or have a family member who owns one,
which allowed the tracking procedure to function. All children with
cancer under age 12 years are treated in the pediatric oncology unit.
All patients in active treatment must visit the hospital at least once
weekly, although about half reside in rural areas.

An undetermined number of patients’ missed appointments
were undetected until the TS-ATP was implemented to reduce ab-
sences by early detection, investigation of the reasons for absence,
and provision of appropriate economic, emotional, and educational
support. Our analysis included all newly diagnosed patients as well
as those undergoing treatment prior to the implementation of the
TS-ATP, who missed one or more appointments between January
2011 and December 2012, for solid or hematological malignancies,
who were on or off treatment, receiving palliative care, or under-
going diagnostic confirmation.
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Procedure

Adherence tracking.

Was conducted by a psychosocial team comprising two psycho-
logists, a social worker, and a nurse educator. Absences were detec-
ted by two routes. For clinical appointments, the charts of absent
patients were collected; for chemotherapy appointments, the elec-
tronic system showed which scheduled patients’ chemotherapy had
not been prepared in pharmacy, identifying a no show. The team
initiated an entry in a database created for this purpose at the time
a patient failed to appear for a scheduled appointment. Patients’ na-
mes were highlighted in the database to indicate that contact with
the family was pending. The TS-ATP procedure is shown in Figure 1.

Patient/family contact and interviews.

The intervention process began with attempted telephone or
personal contact with the child’s caregiver to ascertain the reasons
for the absence (by open-ended questions), emphasize the impor-
tance of therapy adherence, and discuss options that might quickly
return the child to the hospital. The call/interview and its contents
were reported in the database. Patients with ALL in the induction
phase were contacted within 24 hr, all other patients in treatment
within 48 hr, and patients off treatment within a week. We intentio-
nally focused the tone of the calls and interviews more on concern
and willingness to help than on reprimanding the caregivers. After
the patient arrived at the hospital, the entry highlight was removed
but information about the absence, and the intervention process re-
mained in the database. If no reasons were given for the absence or
if a more in-depth interview was needed, for example for families
experiencing greater difficulty, a member of the psychosocial team
interviewed the caregivers after their return to the hospital.

Importantly, we categorized the act of contacting the parent/
caregiver in itself as an intervention, reflecting the profound effect
that personal attention from a clinical professional can have on the
average parent in this setting. Most patients’ families live in deep po-
verty and lack even basic education, creating a great economic and
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sociocultural divide between these families and the educated profes-
sionals who care for them. The effort of a clinician to reach out in a
caring manner can deeply impress and motivate a child’s caregivers.
The information obtained from the interviews and the discussion of
options was promptly entered into the database and was available to
all team members.

These reasons for absences were later assigned categories. Speci-
fic interventions were devised according to the reasons stated for the
absences. If a patient failed to appear at the hospital for several days
after initial retrieval attempts, the health unit (within the national
health care system) nearest to the patient’s residence was contacted,
and local nurses or health workers visited the caregivers’ home to
check on patients and persuade the parents to take the child to the
hospital. If this effort proved unsuccessful for a patient undergoing
frontline treatment with curative intent, the case was referred to so-
cial services to be pursued according to a law introduced in 2010
to protect the welfare of children. This law states that when a child
requires treatment for a life-threatening condition, the medical ins-
tructions must be followed. The hospital’s social services report the
child’s case to the pertinent state authorities and locate the patient
to return him to the hospital. When the child was not located be-
fore the 4 week hiatus from treatment, the case was entered in the
database as abandonment. The disruptive nature of this procedure
for the family unit is the reason why the hospitals team resorts to
this measure as a last option. For missed appointments of patients
off treatment with no contact information, their last attendance was
verified in an online internal database of the hospital.

Information entered into the database included patient identi-
fication, treatment phase, contact information, date and type of ab-
sence, date and type of attempt made to contact the parents, time
required for each attempt or contact, reasons given for the absence,
team member who made the contact, travel distance to the hospi-
tal, and monthly family income which was available from the initial
diagnosis interview of all patients. All members of the team updated
the database daily. The psychologists categorized the stated reasons
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for absence on the basis of information from the interviews, together
with parents’ past interviews and psychosocial records.

Specific interventions.

Specific interventions were devised to address the reasons given
for absence and could include financial aid, food, and/or shelter (if
not previously offered), counseling for emotional hardship, and ins-
truction to improve understanding of or adjustment to the treatment
regimen or hospital routine. Although assistance might have been
available earlier for these families, their level of need might not have
been fully appreciated. The assessment of the patient’s needs and
provision of any type of aid was based on the criteria of the social
worker and the psychologists. The social worker has ample knowle-
dge of the cost of travel expenses from all over the country and allo-
cated financial aid to those with a greater financial burden in terms
of travel expenses.

Figure 1. Procedure of TS ATP. Red lines show the trajectory of the
patients who eventually abandoned treatment and the interventions
done by the team to stop this.

Chemz'sthera py Appointment
appointment consultation

Absence

Information of absence entered in
database

Phone contact with
caregiver

Contact made on day 1 or
2 after absence

Contact made a week after
absence and no show

Contact made 2
|| weeks after absence

No show or show after 4 weeks of
absence: Abandonment

Contact with local entities -
units or municipalities

Patients in frontline curative
treatment reported to social
services

Show before 4 week absence: Not
abandonment

93

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

Figure 2. Flow chart of appointments made and missed in the pe-
diatric oncology unit during the 2 years study period, showing the
rate of abandonment of therapy in patients who missed 1-3 visits
(0.022) and in those who missed more than three visits (0.013). Two
patients who refused treatment and had no absences are excluded
from flow chart

Number of patients with appointments, all phases of treatment = 1627
Number of scheduled appointments = 44,894

Number of patients who missed appointments = 491 (30%)
Number of missed appointments = 1111 (2%)

Number of patients missing more than
three appointments= 75 (15%)

Number of patients missing one to three
appointments= 416 (85%)

|

Number of patients
who abandoned treatment = 1 (10%)

Number of patients
who abandoned treatment = 9 (90%)

Results
Patients and Missed Appointments

During the 2 year period, 25,953 physician appointments and
18,941 ambulatory chemotherapy appointments were scheduled
(Figure 2). Of these, 1,313 appointments were missed by patients
in any phase of treatment; 202 (15%) were erroneously reported as
absences due to scheduling changes not registered in the electronic
system or patients’ arrival after the day’s attendance had been docu-
mented. The remaining 1,111 absences reflected appointments for
491 patients, some of whom had numerous absences sometimes at
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different phases of treatment. There were 1-18 absences per patient.
Most patients (416/491, 85%) had one to three absences, accoun-
ting for 53% (588/1,111) of absences. The remaining 75/491 (15%)
patients had 4-18 absences. Missed appointments increased during
the rainy season (May through October). During year 1, 23% of all
absences were counted in October, when a tropical storm paralyzed
public transportation for 2 weeks. Absences were relatively uniform
during the dry season. Phase of treatment at the time of absence is
shown in Table I.

Contact with caregivers

Of the 1,111 absences, 806 (73%) had successful contacts. Con-
tact with patientswho hadmissed appointments or verify their return
to the hospital after an absence resulted in 1,472 attempts. Some pa-
tients had several attempts to contact. Of these 1,472 attempts, 1,379
(94%) resulted in interviews. Most were conducted by telephone
(1,005; 68%) and the rest in person (374; 25%). The remaining 93
(6%) were patients off treatment and a treatment protocol database
was used to search for their last attended appointment in case they
had shown up and it was not detected. (Table I).

No contact with the parent/caregiver was made for 305 (27%)
absences. Of these, 183 (60%) were absences of patients off treatment
whose contact information was outdated. The remaining 122 absen-
ces (40%) were of patients in treatment, palliative care, or pending
diagnosis. This category included patients who had already returned
to the hospital prior to a contact attempt or with whom attempted
contact was unsuccessful (e.g., unanswered calls, disconnected te-
lephones).

Patients in active treatment

The 269 patients in active treatment had 704 absences. Of the-
se, 486 absences (69%) were of children with acute lymphoblastic
leukemia (ALL), 34 (5%) were of children with CNS neoplasms,
62 (9%) were of children with lymphomas, and the remaining 137
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(19%) corresponded to other neoplasms. Of these 269 patients, 128
(48%) had one absence, 59 (22%) had two absences, and 29 (11%)
had three absences. The remaining 53 (19%) patients had 4 to 18
absences.

The 704 absences during active treatment prompted 1,098 at-
tempts at contact, representing 75% of the 1,472 total attempted con-
tacts: 790 (72%) telephone calls, 301 (27%) interviews, and 7 (1%)
searches for last attended appointment. Seven patients undergoing
frontline treatment with curative intent had caregivers who declined
to return to the hospital; meetings of the pediatric oncology interdis-
ciplinary team resulted in a decision to report these cases to social
services for legal action. Four of the seven children were returned for
treatment within 4 weeks. The remaining three were returned later
and were classified as having abandoned treatment. Table I shows
absence rates and contact interventions during all phases of treat-
ment and during active treatment.

Abandonment of Treatment

During these 2 years of adherence tracking, the annual rate of
abandonment was reduced to 3%. Twelve of the 269 patients on ac-
tive therapy did not return to the hospital within 4 weeks despite te-
lephone contact and were classified as having abandoned treatment.
Two patients’ caregivers refused curative treatment outright; seven
patients abandoned treatment with no prior absences, while three
patients had had two, three, and six absences, respectively, before
abandoning treatment. Of these 12 patients, 7 (59%) were male. Five
of the 12 patients required amputation or other complex surgery,
and parents attributed their refusal or abandonment of therapy in
part on their fear of or disagreement with the child’s surgery. At-
tempts were made to contact and bring back all children as quickly
as feasible after their absence was detected, except in three cases:
one child with retinoblastoma whose caregiver refused enucleation
outright, one child who had an undetected absence of one month
before returning, and a patient with ALL who had a complex cons-
titutional medical condition and whose caregiver refused curative
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treatment for ALL. Ten of the 12 cases of abandonment occurred
within 6 months of beginning therapy, and six occurred during the
first two months. The cases of patients who abandoned therapy are
characterized in Table II.

Reasons Given for Absence

Table III categorizes the reasons given by caregivers for the pa-
tient’s absence. Lack of funds was most common (165; 23%).The
Domestic Needs category (86; 12%) included illness of the primary
caregiver (53%) or another family member (22%) and the primary
caregiver’s conflicting responsibility for the care of other family
members. Fourteen of these caregivers (12%) stated that no one else
was available to take the child to the hospital. The Unforeseen Events
category (116; 16%) included weather conditions (71 absences, 61%)
and transportation problems (28 absences, 24%). Finances, domestic
needs, and unforeseen events accounted for 52% of patient absences.

Table 1. Absences and Interventions According to Phase of Treatment

All Phases of Treatment, n (%) In Treatment, n (%)

Number of Absences 1,111 704
In treatment 704 (63)
Off treatment 326 (29)
Palliative Care 61 (6)

Absences with No Pending Diagnosis | 20 (2) 108 (15)

Intervention* 305 (27)

Total Number of Interventions | 1,472 1,098
Telephone Calls 1,005 (68) | Telephone Calls 790 (72)
Interviews 374 (26) Interviews 301 (27)
Database Searches | 93 (6) Database 7 (1)

Searches

*Refers to either no attempt to contact or no answer obtained from attempted contact.
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Table I1. Characteristics of the 12 Cases of Abandonment of Treatment

Case | Diagnosis Age at Sex Time since Number of | Legal

Diagnosis Diagnosis at Previous Inter-
(years) Time of Aban- | Absences | vention
donment (years)

1 ALL 2.5 Female |0 Refusedb No

2 Retinoblastoma | 2.2 Male .36 0 No

3 Ewing Sarcoma | 3.4 Female | .6 0 No

4 CNS Tumor 2.7 Male 1.3 Refusedb No

5 Ewing Sarcoma | 11.3 Male 1.8 0 No

6 ALL 3.0 Female | 2.3 0 Yes

7 Sarcoma 12.2 Male 3 0 No

8 Wilms Tumor | 4.1 Male 4.3 0 No

9 Wilms Tumor | 2.1 Female | 5.2 0 No

10 Hodgkin 6.8 Male |6.4 6 No

Lymphoma
11 Histiocytosis | 4.2 Female | 7.9 3 Yes
12 ALL 6.8 Male 12.3 2 Yes

ALL, acute lymphoblastic leukemia; CNS Central Nervous System *“Abandonment was de-

fined as failure to start or complete medically indicatedcurative therapy. *Patients listed as

“refused” attended treatment appointments but never began curative therapy . Therefore,

they abandoned therapy despite not missing appointments.

Table III Post-Hoc Categorization of Caregivers’ Reported Reasons

for Absence
Category Description Number of
Absences (%)

Financial Need | Lacked funds for travel on day of appointment Financial/ 165 (23)
transportation aid was not available on day of appointment

Unforeseen Natural Disaster (rain, flood, etc.) Public transportation 116 (16)

Barriers problem (labor strike, not in service, etc.)

Domestic Needs | Caregiver was ill; no one else could bring child to hospital 86 (12)
Caregiver must care for another ill family member and one
else could bring child to hospital Avoid income loss (e.g., no
permission from employer, a job opportunity for the day)

Caregiver Non-compliant treatment Attending other appointments 69 (10)

Decided Against | (school, community meetings, others) Importantly, parents

Treatment had a choice and opted to miss the appointment

Caregiver Error | Caregiver confused or forgot appointment date 56 (8)
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Ongoing Constantly demanding living conditions (stresses of family | 48 (7)
Demands conflicts, lack of funds, other family members’ emotional/

physical health)
Missing Contact/intervention was done but reason for absence not | 34 (5)
Information obtained or not documented
Caregiver Caregiver fearful of emotional and physical consequences 16 (2)

Disagreed with | of treatment (side effects, surgery, radiotherapy) Alternative
Treatment treatment opted

Miscellaneous Unclassifiable 6 (1)

Palliative Care Patients not in curative treatment; appointments could be
attended when comfortable for the child

Discussion

We have described the first two years of application of the TS
ATP, an intervention to address patients’ missed appointments. The
absences were detected during the scheduled appointment day and
the parent/caregiver was contacted within the following 24-48 hr.
Prompt contact and the process of interviews and actions allowed
us to obtain most parents’ reasons for absence and to provide appro-
priate aid to prevent or reduce further absences. The main reported
barrier to keeping appointments was lack of funds, either sporadic
or continuous; the distribution of family tasks and support also pla-
yed a role. To address these problems, financial assistance was given
or increased, and options for temporary housing were coordinated.
The annual abandonment rate fell from 13% to 3% during the two
years of this intervention.

Understanding the causes of missed therapy appointments is
crucial for proper resource allocation to reduce or prevent abandon-
ment. Our procedure was highly effective in the prompt detection
and follow-up of missed appointments. Our success in improving
treatment adherence was attributable to the daily commitment of
the monitoring team to contact parents and to ascertain and address
their specific needs, which in many cases enhanced the parent-care
team relationship. The availability of a computer-based system that
facilitated prompt detection was the starting point of this interven-
tion, allowing information to be accessed and updated at any time
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by any member of the group; however, the effort and commitment
of the team in locating the patient/family, obtaining the information,
and following a procedure to reduce or prevent absences was the
decisive factor for success.

Despite free treatment and hospitalization and subsidies for
housing, food, and transportation, financial need remained a signi-
ficant cause of missing appointments. In some cases, patients who
had missed several appointments were retained in therapy by provi-
sion of financial aid and psychosocial support. Contact by the care
team was highly meaningful to parents in itself and increased their
willingness to continue treatment despite great adversity. However,
the parents’ explanations showed that more complex issues, mainly
lack of help in meeting family demands, also affected their ability to
appear for appointments.

We found no clear relation of the number of missed appoint-
ments to the likelihood of abandonment. The fact that some patients
who abandoned treatment had missed no previous appointments, or
missed only a few, suggests that immediate attention should be given
to each absence, even if only one appointment is missed.

Parents’ need for additional financial aid to comply with treat-
ment raises several questions. It is possible that parents who have
multiple absences despite financial support for transportation may
have become dependent on these funds to comply with treatment
responsibilities. These parents expressed the lack of availability of
this financial aid on the expected date as an impediment to comply
adherently to treatment. This increases the need for the institution
to secure these means to be always available. Future research should
examine where the parents perceive their responsibility to lie after
an institution begins to facilitate or underwrite travel. Although it
was not systematically documented, some interviews with parents
suggested that during the often lengthy process of treatment, parents
began to consider it the hospital’s responsibility to provide the neces-
sary means for the child to receive treatment as planned and became
less concerned about adherence to treatment.
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Ten percent of missed appointments were attributed to lack of
a second adult to take over domestic needs, even during a patient’s
medical emergencies. A significant number of families live at the
limits of their capacity to manage domestic and job demands and
cannot accommodate unexpected burdens. Similarly, interviews and
focus groups with parents of children undergoing cancer treatment
in Malawi showed that immediate family members would help with
tasks at home to facilitate a parent’s travel to the hospital, but com-
munity commitment was not strong. [14] Further studies should ex-
plore to what extent this type of family isolation is inescapable and
to what extent it could be remedied by seeking alternative options
for assistance.

All but one case of abandonment occurred during the first year
of treatment, with the highest incidence during the first months, as
reported in other studies, [11,15,16] confirming that surveillance of
treatment adherence and prompt guidance of parents is vital during
this time. We demonstrated that such monitoring and immediate in-
tervention reduces abandonment. Similarly, Brown et al. found in
Saudi Arabia that close monitoring increased treatment adherence
in a comparable group of patients.[17] Moreover, a report from Re-
cife, Brazil described how immediate tracking of patients” absences,
together with psychosocial support integrated in the medical care,
can substantially reduce abandonment.[18] As in Recife, El Salva-
dor’s pediatric cancer program provides several types of psychoso-
cial intervention, and addition of the treatment adherence tracking
program appears to be reducing abandonment to an extent similar
to that in Brazil.

Team members perceived that most caregivers and family mem-
bers were surprised and impressed by the professionals’ attention and
appreciative of their concern after a missed appointment; we intend
to further analyze the implications of this effect. However, we believe
that the involvement and support of local groups in helping to locate
patients also helped to persuade the parents to continue their child’s
treatment. It is possible that the parents realize that others care and
are aware of their decisions regarding their child’s health.
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Despite the many effective interventions that quickly located and
retrieved absent patients, there remained at the time of this report
room for improvement in updating patients’ contact information
and inability to respond to an absence on the same day it occurred.
Additionally, time could be saved by improving clerical procedures
and clinician communication to prevent erroneous absence noti-
fications. Other difficulties included the unavailability of a team
member to perform interviews at all times, subjective differences in
implementation of the routine, and the accuracy of the registered
information. Although tracking of missed appointments and subse-
quent intervention were time consuming, such a project is feasible
and worthwhile.

Immediate detection and remediation of absences was success-
tul in securing patients’ prompt return to the hospital, reducing the
decade-long 13% rate of abandonment to 3% in both study years.
Interviews and supportive contact with caregivers allowed us to
identify their immediate needs and intervene as warranted to reduce
absences. Interventions typically involved financial assistance, emo-
tional support, and instruction about the importance of treatment
adherence. Rarely, law enforcement measures were necessary.
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Background. Infection remains the most common cause of death
from toxicity in children with cancer in low- and middle-income coun-
tries. Rapid administration of antibiotics when fever develops can pre-
vent progression to sepsis and shock, and serves as an important indi-
cator of the quality of care in children with acute lymphoblastic leukemia
and acute myeloid leukemia. We analyzed factors associated with (1)
Longer times from fever onset to hospital presentation/antibiotic treat-
ment and (2) Sepsis and infection-related mortality.

Method. This prospective cohort study included children aged
0-16 years with newly diagnosed acute leukemia treated at Benjamin
Bloom Hospital, San Salvador. We interviewed parents/caregivers
within one month of diagnosis and at the onset of each new febrile
episode. Times from initial fever to first antibiotic administration and
occurrence of sepsis and infection related mortality were documented.

Findings. Of 251 children enrolled, 215 had acute lymphoblas-
tic leukemia (85.7%). Among 269 outpatient febrile episodes, median
times from fever to deciding to seek medical care was 10.0 hours
(interquartile range [IQR] 5.0-20.0), and from decision to seek care to
first hospital visit was 1.8 hours (IQR 1.0-3.0). Forty-seven (17.5%)
patients developed sepsis and 7 (2.6%) died of infection. Maternal illi-
teracy was associated with longer time from fever to decision to seek
care (P = 0.029) and sepsis (odds ratio [OR] 3.06, 95% confidence
interval [CI] 1.09-8.63; P = 0.034). More infectious deaths occurred
in those with longer travel time to hospital (OR 1.36, 95% CI 1.03—
1.81; P = 0.031) and in families with an annual household income,
US$2,000 (OR 13.90, 95% CI 1.62-119.10; P = 0.016).

Interpretation. llliteracy, poverty, and longer travel times are asso-
ciated with delays in assessment and treatment of fever and with sepsis
and infectious mortality in pediatric leukemia. Providing additional edu-
cation to high-risk families and staying at a nearby guest house during
periods of neutropenia may decrease sepsis and infectious mortality.
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Background

There has been steady improvement in treatment outcomes for
children with acute leukemia over the past few decades. Unfortu-
nately, these advances in survival have not fully translated into low-
and middle-income countries (LMIC) where event-free survival is
significantly lower than in high-income countries [1] because of hi-
gher rates of relapse, abandonment of treatment, and treatment-re-
lated mortality (TRM).

In El Salvador, TRM is responsible for about 50% of deaths in
children with acute lymphoblastic leukemia (ALL) and acute mye-
loid leukemia (AML), [2] with a two-year cumulative incidence of
TRM of 12.561.7% for ALL and 35.166.4% for AML (P, 0.0001). In-
fections were the most common cause of TRM, and 12.3% of epi-
sodes of febrile neutropenia resulted in death. [3] Among children
with ALL (but not AML), low monthly income and low parental
education were associated with significantly higher TRM. [2] Given
that ALL is primarily managed in the outpatient setting and that
AML is primarily managed in the inpatient setting, we hypothesized
that delays in seeking care for febrile neutropenia may be the link
between socioeconomic status and TRM in ALL and might explain
the absence of a connection in children with AML, who remain in or
near the hospital during their entire course of treatment.

In this study, we prospectively evaluated the association between
socioeconomic status and times to assessment and treatment for fe-
ver, and with rates of sepsis and infectious mortality.

Methods

Participants and Setting

We included children younger than 17 years with ALL and AML
newly diagnosed from May 1, 2008 to March 21, 2011 and treated at
Benjamin Bloom National Children’s Hospital (Hospital Bloom) in
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San Salvador, El Salvador. Hospital Bloom has had a long standing
partnership with St. Jude Children’s Research Hospital. We excluded
those with an initial palliative intent of treatment. Hospital Bloom is
the only hospital in El Salvador that admits and treats children with
cancer, and cares for approximately 200 newly diagnosed children
with cancer each year. Treatment was provided at no cost to fami-
lies; accommodation and child care were also offered free to families
living significant distances from the hospital to reduce abandon-
ment of therapy. This study was approved by the Institutional Re-
view Boards at Hospital Bloom and The Hospital for Sick Children,
Toronto, Canada and informed written consent was obtained from
parents, children ages 12 to 18 and healthcare professionals.

Procedure

We interviewed parents/caregivers within one month of diagno-
sis to establish baseline demographic and treatment variables, and to
determine knowledge related to causes of fever, likelihood of having
difficulty bringing their child to hospital in the event of fever, and
perceived barriers to bringing their child to hospital. Literacy was
measured by asking parents to describe their highest level of educa-
tion completion: (a) Advanced/university/ professional school; (b)
High school; (c) Secondary/middle school;

(d) Primary/elementary school; or (e) Illiterate. Those who
self-classified themselves as illiterate were compared to those who
had had completed at least primary or elementary school. In order to
determine knowledge related to causes of fever, the following catego-
ries were provided and the respondent could choose all that applied:
(a) Being around sick people; (b) Weather conditions; (c) Food; (d)
Receiving chemotherapy; and (e) Low blood counts. Respondents
were also allowed to select “other” and to provide further description.

Interviews were repeated at the onset of each new febrile episode
irrespective of whether the child was an inpatient or an outpatient.
Fever was defined as an oral temperature $38.3uConce or $38.0uC
twice within twelve hours. At these interviews, times from initial
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fever to decision to seek medical care, presentation to the hospital,
obtaining a complete blood count, and initial administration of in-
travenous broad-spectrum antibiotic therapy were obtained for ou-
tpatients, and time from initial fever to administration of antibiotic
therapy was obtained for inpatients. The ability to monitor tempera-
ture at home and use of oral antibiotic therapy at home prior to travel
to the hospital were also collected. Potential causes of delay at each of
these steps were solicited using open-ended questions. All interviews
were conducted orally in Spanish by a single investigator who worked
as a physician at Hospital Bloom (RG). Only the first febrile episode
during a single hospital admission was captured but a child could
have multiple febrile episodes over the course of treatment.

Patients were monitored for febrile episodes from diagnosis un-
til the patient recovered from their last cycle of chemotherapy, died
in remission, relapsed, abandoned therapy, or experienced a second
malignancy (whichever occurred first).

Table 1. Demographics of Enrolled Children with Newly Diagnosed Acu-
te Lymphoblastic Leukemia and Acute Myeloid Leukemia (N = 251)

Characteristic Value
Child Characteristics
Male (%) 133 (53.0)
Median age in years (IQR) 52(2.8,9.2)
Median BMI percentile (IQR)* (n = 218) 449 (6.2, 84.7)
ALL (%) 215 (85.7)
AML (%) 36 (14.3)

Parent Characteristics

Primary caregiver

Both mother and father® 169 (67.3)
Mother only 61 (24.3)
Father only 6(2.4)
Mother works (%) 63 (25.1)
Father works (%) 172 (68.5)
Primary caregiver mother education® (n = 230)

Advanced (%) |32 (13.9)
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High school (%) 39 (17.0)
Secondary school (%) 48 (20.9)
Primary school (%) 83 (36.1)
Tlliterate (%) 28 (12.2)
Primary caregiver father educationb (n = 175)

Advanced school (%) 22 (12.6)
High school (%) 26 (14.9)
Secondary (%) 40 (22.9)
Primary school (%) 70 (40.0)
Illiterate (%) 17 (9.7)
Household Characteristics

Median number of children (IQR) 1.0 (1.0, 2.0)
Annual household income , $2000 US (%) 89 (35.5)
Access to phone (%) (n = 244) 241 (98.8)
No clean water at home (%) 108 (43.0)
No toilet at home (%) 128 (51.0)
Public transportation (bus or taxi) (%) 212 (84.5)
Median travel time (hours) from home to Hospital Bloom 2.5(1.5,3.5)
(IQR)

432 children excluded because <2 years of age and missing in 1 child;

YFor 169 children, both mother and father were primary caregivers. Abbreviations:

IQR, interquartile range; BMI, body mass index; ALL, acute lymphoblastic leukemia;
AML, acute myeloid leukemia. doi:10.1371/journal.pone.0043639.t001

Local Standards of Care

Outpatients with fever who might have been neutropenic were
instructed to call or go to Hospital Bloom as soon as possible and
empiric broad-spectrum intravenous antibiotics were initiated in the
emergency department or oncology ward after appropriate cultures
were obtained. Antibiotic prophylaxis was not uniformly adminis-
tered other than for patients with AML who received prophylactic
vancomycin and ciprofloxacin starting in January 2008.

In terms of chemotherapy, patients with ALL diagnosed before Oc-
tober 2008 were treated according to the El Salvador- Guatemala-Hon-
duras II protocol, which was based on the St Jude Total XIII [4] and
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Total XV [5] protocols. Modifications included the use of only two risk
groups (lower and higher), the omission of etoposide, and the admi-
nistration of high dose methotrexate as a 3-hour infusion at a dose of 2
g/m?2 for lower-risk and 3 g/m2 for higher-risk patients. After October
2008, patients were treated with AHOPCA-LLA 2008 which was ba-
sed on ALL IC-BFM 2002. [6] Modifications included anthracycline
omission for standard-risk patients, and administration of high dose
methotrexate as a 4-hour infusion at a dose of 2 g/m?2 for standard- and
intermediate-risk patients, and 5 g/m2 for high-risk patients.

Patients with AML were treated with the AHOPCA-AML2007
protocol which was based on NOPHO-AML 93 [7] but with induc-
tion therapy according to BFM-AML 93. [8] Modifications included
the treatment of all patients without stem cell transplantation, triple
intrathecal therapy in each block of treatment and induction therapy
with 8 days of cytarabine, 3 days of daunorubicin reduced by 66%
and 3 days of etoposide (ADE). Patients with less than 5% bone ma-
rrow blasts at day 29 received a second course of ADE after hemato-
logical recovery. In April 2010, daunorubicin induction was reduced
to 50% of the original BEM-AML 93 protocol, [8] etoposide was re-
moved, and the fourth course of consolidation therapy was omitted
for patients who had good response to the first induction treatment.
Patients with acute promyelocytic leukemia (APL) were treated with
AHOPCA-APL 2008, which was based on European APL 91 [9].
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Table 2. Knowledge and Barriers to Bringing Child to Hospital if Fe-
ver (N = 251)

Characteristic ALL N =215 AMLN =36 | Entire Cohort N
=251

What causes fever?®
Being around sick people 3(1.4) 1(2.9) 4(1.6)
‘Weather conditions 21(9.8) 1(2.9) 22 (8.8)
Food 16 (7.4) 4(11) 20 (8.0)
Receiving chemotherapy 11 (5.1) 0(0.0) 11 (4.4)
Low blood counts 29 (13) 3(8.6) 32 (13)
Infection 139 (65) 21 (60) 160 (64)
How often do you have trouble bringing your child to hospital?
Never 87 (40) 18 (50) 105 (42)
Rarely 33(15) 9(25) 42(17)
Sometimes 88 (41) 9 (25) 97 (39)
Almost always 7 (3.3) 0 7 (2.8)
Always 0 0 0

What are reasons you don’t call or go to the hospital if your child has fever and unknown counts?

No way to get to the hospital 74 (34) 9(25) 83 (33)
Child looks fine, no need to go 2(0.9) 0 2(0.8)
It doesn’t matter (it’s up to God) 0 0 0

What are barriers to bringing your child to hospital?*

No one to watch other kids 9 (4.2) 1(2.8) 10 (4.0)
Not enough money to travel 47 (21.9) 8(22.2) 55 (22)
Cannot take time off work 2(0.9) 0 2(0.8)
Hospital too far away 2(0.9) 0 2(0.8)

aPatients could select more than one. Abbreviations: ALL, acute
lymphoblastic leukemia; AML, acute myeloid leukemia. doi:10.1371/
journal.pone.0043639.t002

Outcomes

Sepsis was defined as systemic inflammatory response syndrome
in the presence of suspected or proven infection and organ dysfunc-
tion according to international consensus guidelines. [10,11] Invasi-
ve infection was defined as the occurrence of one or more cultures
positive for a pathogen obtained from a usually sterile site. However,
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positive cultures with common contaminants, such as coagulase ne-
gative Staphylococcus, required two positive cultures for the same
organism or occurrence of sepsis to be considered a true infection
[12,13].

Potential Predictors

Potential predictors of outcomes were categorized as demogra-
phic information of the child, parent and household; characteristics
at episode onset; and knowledge and barriers as measured at the ba-
seline (first) interview that was conducted within one month of diag-
nosis. Child demographics were gender, age, and diagnosis (AML
vs. ALL). Parental education was dichotomized as illiterate compa-
red with at least primary school education. Household features in-
cluded $ or, US$2000 annual household income, which was chosen
a priori based upon our previous studies. [2,14] Other household
features evaluated included the availability of clean water and a toi-
let at home, method of transportation (public vs. private) and travel
time in hours to Hospital Bloom. Features recorded at the onset of
each febrile episode included maximum temperature, neutropenia,
presence of a central venous line and whether the family had a ther-
mometer at home. Items included in regression modeling from the
survey of knowledge and barriers were: belief that fever was caused
by weather or food; not going to the hospital if fever develops be-
cause lacked means to travel; have trouble bringing child to Hospi-
tal Bloom at least sometimes (on a five-point Likert scale where 1=
never and 5 = always have trouble); and lack of money is a barrier
to bringing the child to hospital. For the outcomes of sepsis and in-
fectious deaths, we also included three time intervals as potential
predictors for outpatients: hours from fever onset to decision to seek
medical care; hours from decision to seek care to hospital visit; and
hours from hospital visit to intravenous antibiotics.
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Table 3. Characteristics of the Febrile Episode Stratified by Inpa-
tient Versus Outpatient Status (N =379)

Characteristic Inpatients N | Outpatients N

=110 =269

Characteristics at Onset of Episode

Median days from leukemia diagnosis (IQR) 0.5 (24.0, 70.0) 162.0 (69.0, 356.0)

Median maximum temperature in uC (IQR) 39.3(38.8,39.5) |39.3(38.7,39.5)

Median white blood cell count x10° (IQR) 2.0 (0.9, 4.8) 2.0 (0.8, 4.6)

Absolute neutrophil count, 0.56109 (%) 67 (60.9) 126 (46.8)

Central venous line present (%) 42 (38.2) 28 (10.4)

Fever Practices at Home

Family does not own a thermometer (%) 77 (70.0) 120 (44.6)

Phone contact with healthcare professional because of 54 (22.2)

fever (%)

Antibiotics taken at home before hospital (%) 18 (6.7)

Timeline from Fever to Antibiotic Administration

Median hours from fever onset to hospital visit (IQR)* 12.5 (6.0, 24.0)

Median hours from fever onset to decision to seek 10.0 (5.0, 20.0)

medical care (IQR)®

Median hours from decision to seek medical care to 1.8 (1.0, 3.0)

hospital visit (IQR)*

Median hours from hospital visit to intravenous 3.5(2.2,5.5)

antibiotic administration (IQR)?

Median hours from hospital visit to obtaining complete 1.0 (0.5, 2.7)

blood count (IQR)®

Median hours from fever onset to intravenous antibiotic | 2.0 (0.8, 5.0) 16.0 (8.3, 26.0)

administration (IQR)"

Episode Outcomes

Microbiologically documented infection (%) 19 (17.3) 19 (7.1)

Clinically documented infection (%) 19 (17.3) 89 (33.1)

Sepsis (%) 24 (21.8) 47 (17.5)

Infection-related mortality (%) 4(3.6) 7 (2.6)

Intensive care unit (%) 14 (12.7) 21(7.8)

Missing: “n =18, ®n=24, ‘n =25, ‘n=28, ‘n=20, 'n =3 for inpatients and n =13 for

outpatients. Abbreviation: IQR - interquartile range.
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Figure 1. Median times from fever onset to receipt of intravenous an-
tibiotics among outpatients and inpatients

_ 10:0 hours 35 hours
Outpatients

| P

Decision Reach
to seek hospital
care
Fever Intravenous
onset antibiotics

20

Inpatients e

Table 4. Factors Associated with Longer Time from Initial Fever to
Decision to Seek Medical Care and from Decision to Seek Care to
First Hospital Visit among Outpatient Episodes (N = 269)

Characteristic Hours from Fever Onset to Decision to Hours
From Decision to Seek Care to Reach
Seek Care* Hospital**
b [sE [Pvalue |b [sE [P value
Child/Household Characteristics
Child Male 3.84 3.16 0.227 0.24 0.22 0.266
Child Age 0.04 0.46 0.938 20.02 0.03 0.625
AMLvs. ALL 22.34 8.31 0.779 20.10 0.59 0.870
Mother Illiterate 11.55 5.23 0.029 0.001 0.37 0.998
Father Illiterate 15.54 6.27 0.015 20.02 0.44 0.956
Annual Household Income , $2000 2.62 3.45 0.450 0.33 0.24 0.175
No Clean Water at Home 21.66 3.20 0.605 0.65 0.22 0.003
No Toilet at Home 0.42 3.16 0.894 0.67 0.21 0.002
Public Transportation (bus or taxi) 5.87 4.08 0.153 0.27 0.29 0.346
Travel time to Hospital Bloom 1.01 1.09 0.356 0.30 0.07 -0.0001
(hours)
Characteristics at Episode Onset
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Maximum Temperature (per uC) 26.08 1.44 -.0001 ]0.12 0.09 0.192
Neutropenia (ANC ,0.56109) 1.42 2.93 0.630 20.04 0.18 0.816
Central Venous Line Present 0.91 4.74 0.848 20.02 0.29 0.937
Family Does Not Own a 3.26 3.00 0.280 0.18 0.19 0.358
Thermometer

Knowledge and Barriers

Causes of Fever
Weather conditions 21.37 4,74 0.773 20.25 0.34 0.455
Food 27.68 6.08 0.209 20.33 0.42 0.428

Don’t Go to Hospital Because No Way | 2.14 3.26 0.513 0.28 0.23 0.220
to Get to Hospital
Have Trouble Bringing Child to 4.89 3.17 0.126 0.61 0.22 0.005
Hospital at least Sometimes
Barrier to Bringing Child - Money 21.31 3.89 0.735 0.91 0.26 0.001

Abbreviations: ALL - acute lymphoblastic leukemia; AML - acute myeloid leu-
kemia; ANC - absolute neutrophil count.

*Time Fever to Seek Care = time from fever onset to decision to seek care.

**Time Seek Care to Hospital = time from decision to seek care to reach Hospi-
tal Bloom. doi:10.1371/journal.pone.0043639.t004

Statistics

Given the fundamental differences expected between inpatients
and outpatients, all analyses were stratified by location at onset of fe-
ver. In order to identify factors associated with times to presentation
and treatment, we conducted a repeated measures linear regression
using Proc Mixed in SAS. Determination of factors associated with
sepsis and infectious mortality were conducted with repeated logis-
tic regression analysis using generalized estimating equations. These
approaches were used in order to account for each child contributing
multiple episodes and to adjust for any potential correlation between
episodes within an individual child. Multiple regression was planned
for sepsis and infectious mortality including variables significant in
univariate analysis. All tests of significance were two-sided, and sta-
tistical significance was defined as P,0.05. Statistical analyses were
performed using the SAS statistical program (SAS-PC, version 9.3;
SAS Institute Inc., Cary, NC).
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Results

Between May 1, 2008 and March 31, 2011, 254 potentially eligi-
ble children with acute leukemia presented to Hospital Bloom. One
was not approached as the patient was unwell and died before con-
sent could be obtained, one did not have a competent legal guardian
and one refused participation; thus, 251 children with de novo ALL
and AML were enrolled. Child, parent and household characteristics
are illustrated in Table 1. Most children had ALL (215, 85.7%) and
among these children, 175 (81.4%) were treated with AHOPCA LLA
2008. Among the children with AML, 30 (83.3%) were treated with
AHOPCA LMA 2007.

Table 2 illustrates knowledge and barriers related to fever care
among parent respondents; these responses were obtained at the ini-
tial interview within one month of diagnosis. Most parents knew that
infection can cause fever although 8.8% thought that fever could be
caused by the weather and 8.0% thought that fever could be caused by
certain foods. Eight-five participants selected “other” as a cause of fe-
ver, and listed leukemia (n=47), trauma (n =2), allergies (n= 4) insect
bites (n= 2), pollution (n= 3), dust, dirt or contamination (n= 10), and
miscellaneous/not specified (n= 17) as the potential cause. In total,
104 (41.4%) said that they sometimes, almost always or always had
difficulty travelling to the hospital if their child had fever. The main
reason that parents would not go to the hospital if their child had fe-
ver was because they had no way to travel to the hospital. The most
common barrier to bringing their child to hospital was lack of money.

During the study period, 47 (18.7%) relapsed and 18 (7.2%)
abandoned therapy during the observation period and thus, were
no longer observed for infection outcomes after those events. There
were 379 febrile episodes that occurred during treatment; 110 in in-
patients and 269 in outpatients. Table 3 illustrates characteristics at
the onset of the episode, fever practices at home, times to seek care,
presentation to hospital and receipt of intravenous antibiotics (Figu-
re 1) and episode outcomes. Among outpatients, the major source
of delay is time from fever onset to decision to seek care with 75%
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of participants waiting for 5 hours or more. Once the decision to
seek care had been made, the median time to reach the hospital was
1.8 hours. In total, there were 71 (18.7%) episodes of sepsis and 11
(2.9%) infectious deaths.

Table 4 illustrates factors associated with longer time from initial
fever to decision to seek medical care and time from decision to seek
care to Hospital Bloom among outpatient episodes. Parents who
were illiterate had a 12 to 16 hour delay in deciding to seek medical
care compared to parents who were literate. Once the decision to
seek medical care had been made, parental literacy did not influence
time to first hospital visit. Rather, anticipated travel time to Hospital
Bloom, lack of clean water and no toilet at home were associated
with longer time to reach hospital. Parents who stated that they had
trouble travelling to the hospital and that lack of money was a barrier
to travel had a greater delay in reaching the hospital. Table S1 des-
cribes factors associated with longer time from first hospital visit to
intravenous antibiotics among outpatient and from fever to intrave-
nous antibiotics among inpatient episodes. Among inpatients, those
with AML had shorter time to first antibiotics.

Table 5 illustrates factors associated with sepsis and infectious dea-
ths among outpatient episodes. The following factors were significant-
ly associated with sepsis: maternal illiteracy (OR 3.06, 95% CI 1.09 to
8.63; P=0.034), central line (OR 2.53, 95% CI 1.08 to 5.94; P=0.033),
and belief about weather as a cause of fever (OR 2.64, 95% CI 1.06
to 6.62; P= 0.038). The following factors were significantly associated
with infectious death: annual household income, US$2000 (OR 13.90,
95% CI 1.62 to 119.10; P =0.016), anticipated travel time to Hospital
Bloom (OR 1.36,95% CI 1.03 to 1.81; P=0.031) and belief about food
as a cause of fever (OR 5.12, 95% CI 1.08 to 24.28; P= 0.040). Time to
reach hospital was not predictive of sepsis or infectious death.

In the multiple regression analysis of sepsis, maternal illiteracy,
presence of a central line and belief that weather causes fever were
examined. Each factor was independently associated with sepsis:
maternal illiteracy (OR 3.17, 95% CI 1.24 to 8.11; P= 0.016), cen-
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tral line (OR 2.88, 95% CI 1.25 to 6.64; P =0.013), and belief about
weather as a cause of fever (OR 2.67, 95% CI 1.22 to 5.85; P =0.014).
Time from hospital visit to antibiotic administration was not inclu-
ded since shorter time intervals were most likely due to sepsis at the
time of presentation rather than a cause of sepsis. Multiple regres-
sion was not conducted for infection-related mortality because there
were only 7 events.

Table S2 describes factors associated with sepsis among inpa-
tients. Higher maximum temperature and neutropenia were signi-
ficant predictors of sepsis in the inpatient setting whereas time to
antibiotic initiation was not predictive. Analysis of infectious deaths
was not presented since there were only 4 inpatient deaths. Figure
2 summarizes how the findings from this study contribute to our
understanding of risk factors for sepsis and infectious deaths in chil-
dren with acute leukemia in LMIC.

The qualitative comments reflected similar findings. Parents
identified lacking transportation, delays during travel (for example
transit strikes and inclement weather) and long emergency room
wait times as reasons for longer times to antibiotic treatment.

Figure 2. Factors associated with sepsis and infectious deaths in
pediatric acute leukemia in low/middle income countries*. Based
on a systematic review in pediatric oncology. Factors listed are
illustrative and not meant to be exhaustive. [20]
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Discussion

In this prospective study of children with acute leukemia in El
Salvador, we found that parental illiteracy was associated with de-
lays in deciding to seek care for fever. We also identified those with
longer travel time to hospital once the decision to seek care had been
made; these were children who had an anticipated longer travel time
to Hospital Bloom, parental anticipation of having difficulty brin-
ging their child to hospital, and parental perception that lack of mo-
ney is a barrier to travel. Together, these findings suggest that poor
socioeconomic status influences delays in deciding to seek care and
reaching the hospital for febrile children with leukemia.

We also found that maternal illiteracy was associated with sepsis
while low household income and longer anticipated travel time to Hos-
pital Bloom were associated with infectious mortality. These findings
similarly suggest that poor socioeconomic status influences severe
outcomes of fever in children with leukemia. An association between
illiteracy and poor health outcomes has been demonstrated in other
clinical settings and in particular, lack of literacy has been associated
with poor compliance in a variety of clinical conditions [15-18] and
worse outcomes. [19] However, our study suggests that one important
mechanism by which illiteracy and poverty may worsen infection out-
comes in LMIC is by delaying time to treatment for fever.

While low socioeconomic status was associated with delays in
times to treatment for fever and with severe fever outcomes, time
from fever to hospital presentation was not associated with sepsis
or infectious mortality directly. It is possible that delays in receiving
treatment for fever are not associated with sepsis or infectious mor-
tality. More likely, the relationship between socioeconomic status,
delays to treatment and fever outcomes is not linear but rather, com-
plex and confounded by multiple factors. An important confounder
that we could not measure is infection severity. For example, from
the current analysis, those with sepsis had a shorter time to first an-
tibiotics once they had reached the hospital. By analogy, children
who were more ill may have had parents who decided to seek medi-
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cal care earlier and who reached hospital sooner. Consequently, it is
not surprising that we failed to show an association between time to
hospital and sepsis or mortality.

This study is important because we provide one example of how
to assess barriers to health in children with severe/chronic condi-
tions in LMIC. Most children with cancer live in LMIC and inter-
ventions that can improve survival for these children will be impac-
tful. Interventions should be considered that focus in at least two
different directions. First, our findings suggests that targeted edu-
cational strategies for illiterate parents to seek care early and to de-
fine ahead of time the plan for transportation to the hospital should
fever occur could reduce death from infection in LMIC. Provision
of accommodation such as a nearby guest house during periods of
neutropenia for the highest risk children should also be considered.
Second, interventions such as antibiotic prophylaxis or oral antibio-
tics while travelling to the hospital may be considered although the
impact on antibiotic resistance is an important issue.

A major strength of our study was the use of a prospective obser-
vational design to collect information at multiple time points; such
a design was critical to achieving our objectives. A second strength
was the recruitment of large numbers of children with acute leuke-
mia with similar anti-cancer treatment. However, our results must
be interpreted in light of its limitations. Our study is limited by its
observational nature and there are many potential confounders that
could not be measured such as infection severity at the onset of fever.
Second, it is not clear how generalizable these findings are outside of
El Salvador. However, we have no a priori reason to believe that fin-
dings would be substantially different in other nations with similar
healthcare systems and economics. Finally, there were 7 outpatient
infectious deaths and thus, the power of this analysis was limited.

In conclusion, illiteracy and poverty are associated with delays in
treatment of fever and with sepsis and infectious mortality in pedia-
tric leukemia in the LMIC of El Salvador. Future work should focus
on reducing times to treatment for febrile children and identifying
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strategies to decrease sepsis and infectious mortality that target chil-
dren of low socioeconomic status.
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Background. Outcomes for relapsed childhood acute lympho-
blastic leukemia (ALL) have not been documented in resource-limited
settings. This study examined survival after relapse for children with
ALL in Central America.

Methods. A retrospective cohort study was performed and inclu-
ded children with first relapse of ALL in Guatemala, Honduras, or El
Salvador between 1990 and 2011. Predictors of subsequent event-
free survival (EFS) and overall survival (OS) were examined.

Results. There were 755 children identified with relapsed disea-
se. The median time from diagnosis to relapse was 1.7 years (inter-
quartile range, 0.8-3.1 years). Most relapses occurred during (53.9%)
or following (24.9%) maintenance chemotherapy, and the majority oc-
curred in the bone marrow (63.1%). Following the initial relapse, sub-
sequent 3-year EFS (z standard error) and OS were 22.0% £ 1.7%,
and 28.2% * 1.9%, respectively. In multivariable analysis, worse post
relapse survival was associated with age + 10 years, white blood cell
count = 50 £ 109/L, and positive central nervous system status at the
original ALL diagnosis, relapse that was not isolated central nervous
system or testicular, and relapse < 36 months following diagnosis. Site
and time to relapse were used to identify a favorable risk group whose
3-year EFS and OS were 50.0% * 8.9% and 68.0% * 8.1%, respec-
tively.

Conclusions. Prognosis after relapsed ALL in Central America
is poor, but a substantial number of those with favorable risk features
have prolonged survival, despite lack of access to stem cell transplan-
tation. Stratification by risk factors can guide therapeutic decision-ma-
king.

Keywords: acute lymphoblastic leukemia, relapse, child, low-income
country, middle-income country, developing country.
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Introduction

Outcomes for children with acute lymphoblastic leukemia (ALL)
have greatly improved in recent decades in high-income countries
(HIC), where 76% to 86%1 survive without recurrence. When relap-
se occurs among children with ALL, overall survival (OS) in HIC is
generally 15% to 50%, depending on relapse and initial disease fea-
tures.2-8 In this setting, the most important factors associated with
poor OS after relapse include duration of remission prior to relapse
(worse for relapses less than 12, 18, or 36 months after diagnosis),
bone marrow site of relapse, and T cell disease.2-8

In low- and middle-income countries (LMIC) such as those in
Central America, outcomes have been worse than in HIC. A recent
study of pediatric ALL in EI Salvador demonstrated a 5-year event-
free survival (EFS) of 56% among those with standard-risk ALL
and 49% among those with high-risk ALL.9 However, in LMIC, the
outcomes following relapse and factors that predict subsequent EFS
after relapse have not been documented. Knowledge of outcomes fo-
llowing relapse and predictors of relapse are important, because this
information may suggest children in whom aggressive retreatment
may be considered and others where a palliative approach would be
more appropriate. Furthermore, some variables may be unique to
the LMIC setting such as relapse following abandonment of therapy.

Our objectives were to describe EFS and OS among children

with first relapse of ALL in Guatemala, Honduras, and El Salvador,
and to identify predictors of subsequent EFS and OS.
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Materials and methods
Study Population and Setting

Research ethics approval was obtained from The Hospital for
Sick Children, Toronto, Canada, and at each participating center.
The patient sample was derived from 4 primary centers in 3 Central
American countries, namely Hospital Nacional de Nifios Benjamin
Bloom in San Salvador, El Salvador; Unidad Nacional de Oncologia
Pediatrica in Guatemala City, Guatemala; Hospital Escuela in Tegu-
cigalpa, Honduras; and Hospital Rivas in San Pedro Sula, Honduras.
These centers and their satellites provide the majority of pediatric
oncology care in their respective countries, and typically treat 315
children with ALL per year combined. The patient sample included
children with relapsed ALL who were younger than 20 years at initial
diagnosis, and who experienced a first relapse of their ALL between
September 15, 1990, and April 30, 2011. Exclusion criteria included
L3 ALL and induction failure as a first event.

Initial therapeutic regimens varied by site and time period. Prior
to 2000, each site used different protocols. Subsequently, the vast
majority of patients at each of the 3 countries were treated accor-
ding to common clinical management protocols: the GHS LLA 2000
from 2000 to 2007 (all sites), and the LLAG-2007 (Guatemala) or the
AHOPCA LLA-2008 (El Salvador and Honduras) from 2007 and/or
2008 forward. The GHS LLA 2000 protocol was based on the St. Jude
Total XIIIB10 and Total XV11 backbones. Important modifications
included the omission of etoposide, changing the high-dose metho-
trexate to 2 g/m2 for standard-risk and 3 g/m2 for high-risk patients,
each infused over 3 hours, and the use of only 2 risk groups (stan-
dard and high). Standard-risk patients were defined as those aged 1
to<10 years at diagnosis who presented with an initial white blood
cell count (WBC) of <50 > 109/L, DNA index 1.16, and the absence
of any high-risk features (central nervous system [CNS] or testicular
involvement, T cell immunophenotype, M3 bone marrow on day 15,
or M2/M3 bone marrow on day 36). The 2007/2008 protocols were
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both based on the ALL IC-BFM (Berlin-Frankfurt-Mu "nster) 2002
Trial, 12 with the major modifications including the omission of eto-
poside in both the LLAG-2007 and the AHOPCA LLA- 2008 trials,
the omission of daunorubicin in induction, and omission of a phase
1b block during remission induction (cyclophosphamide, cytarabi-
ne, and mercaptopurine) for standard-risk patients in the AHOPCA
LLA- 2008 study. Both studies used 3 risk groups (standard, inter-
mediate, and high) to stratify patients. Standard-risk was defined as
B lineage ALL, patient aged 1 to 6 years, initial WBC < 20 > 109/L,
and absence of high-risk features (T cell immunophenotype, age < 1
year at diagnosis, CNS 3 disease, testicular infiltration, day 8 pred-
nisone response with blasts > 1 > 109/L, day 15 M3 marrow, day 33
M2/M3 marrow, high-risk translocation [t(4;11), t(9;11), t(1;19)], or
hypodiploidy [< 45 chromosomes]). Intermediate risk was defined
as B lineage ALL, with age > 6 years or WBC count > 20 > 109/L, and
absence of high-risk features.

When relapse occurred, therapeutic regimens varied conside-
rably. In some cases, patients were managed with palliative intent,
whereas in others, curative therapy was pursued using a variety of
different relapse regimens. Notably, hematopoietic stem cell trans-
plantation was not available, nor were clofarabine or forms of as-
paraginase other than native E. coli asparaginase. Management of
relapse with palliative intent was defined as initiation of palliative
therapy within 1 week of the date of relapse diagnosis.

The care at each of the centers was provided at no financial cost
to the families. Accommodation, subsidized transportation, and
food were provided free of charge for families that lived far from
the hospital in order to reduce abandonment of therapy. To further
reduce abandonment, clinic social workers contacted, by telephone
and home visits, those families who did not adhere to clinic visits.
Funding for these programs was provided by local nongovernmental
organizations and international partnerships.
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Data Source

The data source was the Pediatric Oncology Networked Databa-
se (POND) (www.pond4kids.org). POND is an online, multilingual
clinical database created by the International Outreach Program at
St. Jude Children’s Research Hospital, Memphis, Tennessee, to meet
the needs of oncology centers in LMIC for cancer registration, out-
come monitoring, and quality improvement.13 In addition, data can
be anonymously shared for research purposes, as was done for this
study. The data contained within POND were abstracted from pa-
tient charts in real time by trained data managers at each of the sites,
and confirmed by the treating oncologists. An audit of POND data
from Honduras showed that the accuracy for basic data fields was
99%.14

Outcome and Predictor Variables

The primary outcomes were EFS and OS after relapse. EFS was
calculated from the time of first relapse until the next event or date of
last contact. Events included subsequent relapse, second malignant
neoplasm, treatment refusal, abandonment (at least 4 consecutive
weeks of missed appointments during active therapy), or death. OS
was calculated based on the time from first relapse until death or last
contact.

Potential predictors of survival were derived from variables
shown to be associated with outcome in studies of relapsed ALL in
the HIC setting, as well as variables considered to be possibly impor-
tant in the LMIC setting. The following variables at diagnosis were
examined: age > 10 years, race, initial WBC > 50 > 109/L, DNA in-
dex, B versus T lineage, CNS status, and disease risk category. CNS
positivity was defined as CNS 3 status, whereas CNS 1 and CNS 2
were considered CNS-negative.

Relapse characteristics included time to relapse, site of relapse, and
phase of therapy at relapse. Particular to this setting, abandonment of
therapy has affected outcome in Central America,9 and thus abandon-
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ment of therapy prior to relapse was also considered. Finally, diagno-
sis time period was examined, as defined by changes in the common
treatment protocols (1990-1999, 2000-2007, and 2008-2011).

Statistical Analysis

Survival was described with the Kaplan-Meier method. The asso-
ciation between factors at initial diagnosis and relapse and subsequent
EFS and OS was analyzed using the Cox proportional hazards model.
Variables significant in univariate analysis were included in multiva-
riable models. From the variables independently associated with sur-
vival in multivariable analyses, a favorable risk group was created that
used a minimum number of variables in order to simplify adoption
and to be relevant to a larger number of children. All statistical analy-
ses were performed using the SAS statistical program (SAS-PC, ver-
sion 9.3; SAS Institute, Cary, NC). All tests of significance were 2-si-
ded, and statistical significance was defined as P < .05.

Results

During the study period, there were 759 children with relapsed
ALL who were identified. One patient with mature B cell leukemia
and 3 who experienced induction failure were excluded, and the re-
maining 755 patients were analyzed. Demographic characteristics of
the patient population can be seen in Table 1. The majority of relap-
ses (63.1%) occurred in the bone marrow. The most common pha-
ses of therapy in which relapse occurred was during maintenance
(50.5%) and following completion of therapy (24.5%).

There were 103 patients managed with palliative intent following
first relapse. Among patients who did not experience another event,
the median follow-up time was 1.9 years (interquartile range [IQR],
0.6-4.9 years). At 3 years, EFS + standard error after relapse for the
entire cohort was 22.0% + 1.7% and OS after relapse was 28.3% *
1.9% (Fig. 1). Death, treatment refusal, and abandonment typica-
lly occurred within the first 6 months after relapse (Table 2), but
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the median time to second relapse, when it occurred as the second
event, was 10.5 months (IQR, 5-24 months). A total of 139 patients
experienced a second relapse: 118 subsequently died and 21 were
alive at the last patient encounter (median follow-up of 7 months;
range, 1-46 months). All patients who abandoned therapy after re-
lapse subsequently died. The most frequent cause of death was pro-
gressive disease (70.3%). At 3 years, post relapse EFS and OS for pa-
tients treated with curative intent (defined as those who did not start
palliative treatment within 1 week of relapse diagnosis) and patients
who did not abandon therapy after relapse were 26.2% + 2.0% and
31.5% £ 2.1%.

Table 1. Demographics of Children With First Relapse of
Acute Lymphoblastic Leukemia in Central America (N % 755)

Characteristic at Diagnosis or Relapse Value

Characteristics at Initial Diagnosis

Median age y (IQR) 7.11 (4.0-10.6)

Male n (%) 472 (62.5)

Race n (%) N = 746

Hispanic 223 (29.9)
Indigenous 69 (9.3)
Caucasian 6(0.8)
Mixed race 448 (60.1)
Initial WBC =50 x 10°/L n (%),N = 661 168 (25.4)
High DNA index (=1.16) n (%) N = 476 74 (15.5)

Histology n (%) N = 714

B lineage 641 (89.8)

T lineage 73 (10.2)

Central nervous system status n (%) N = 678

CNS 1 585 (86.3)
CNS 2 52 (7.7)
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CNS 3 41(6.1)

Risk category®n (%) N=702

Standard 233 (33.2)
Intermediate 55 (7.8)
High or very high 414 (60.0)

Diagnosis time period n (%)

1990-1999 118 (15.6)
2000-2007 501 (66.4)
2008-2011 136 (18.0)

Characteristics at Relapse

Median years to first relapse (IQR) 1.66 (0.8-3.0)

Site of first relapse n (%) N=721

Bone marrow 455 (63.1)
Central nervous system 159 (22.0)
Testicular 31 (4.3)
Other (extramedullary)® 11 (1.5)
Combined sites® 65 (9.0)

Phase of therapy at first relapse n (%)

Consolidation/intensification 76 (10.1)

Maintenance 381 (50.5)
Follow-up 185 (24.5)
Abandoned 113 (15.0)

Abbreviations: CNS, central nervous system; IQR, interquartile range; n, number
in each category; N, number at risk and only displayed when missing data; WBC,
white blood cell count.

“ Risk category assignment as per protocol, see text for full description.

b Other includes chloroma, spleen, pleura, ovary, and thorax. Combined means

any combination of sites.
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Factors associated with EFS and OS following a first relapse, in
univariate analysis, are illustrated in Table 3. Worse EFS and OS
was observed in children who had presented initially with T lineage
ALL; age > 10 years; WBC = 50 x 109/L; DNA index < 1.16; positi-
ve CNS status; intermediate-, high-, or very high-risk disease; and
those diagnosed in the latest time period of therapy. Relapse charac-
teristics associated with worse survival were relapse earlier than 36
months after diagnosis, and relapse site that was not isolated CNS
or testicular. Children who experienced a relapse without previous
abandonment of therapy did not have worse EFS or OS, compared
with those who relapsed after abandonment.

Variables included in multivariable analysis were age > 10 years
at diagnosis, WBC = 50 109/L at diagnosis, T lineage histology, CNS
positivity at diagnosis, time period of diagnosis, not isolated CNS or
testicular relapse, and relapse before 36 months. Two factors were not
considered in the multivariable model: DNA index was not included
because data were available on too few patients, and risk group was
collinear with initial age and WBC. Table 4 illustrates that in multi-
variable analysis, independent poor prognostic variables were age >
10 years at diagnosis, initial WBC > 50 x 10/L, initial CNS positivity,
relapse before 36 months, and not isolated CNS or testicular relapse.
Time period of therapy and T cell immunophenotype were no lon-
ger significant in the model.

In order to define a good risk group, we used site of relapse and
time to relapse because they had the most extreme hazard ratios with
regard to EFS and OS.We did not incorporate additional factors such
as initial diagnostic features because they added only marginally to
the ability to distinguish between groups, and would have limited the
favorable-risk group to a very small number of patients. Using the 2
features at the time of relapse, the favorable risk group consisted of
41 (5.4% of the initial cohort) children who experienced relapse in
either a testicular or CNS site, at least 36 months from diagnosis. For
this group, the 3-year postrelapse EFS was 50.0% + 8.9% and OS was
68.0% =+ 8.1%.
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Figure 1. Event-free survival (EFS) and overall survival (OS) are
shown for children with relapsed acute lymphoblastic leu- kemia in

Central America
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Table 2. Outcomes Following First Relapse in Children With Acute
Lymphoblastic Leukemia in Central America (N % 755)

Outcome Value
Event-free survival at 3 y + SE 220 1.7
Overall survival at 3y + SE 283+1.9
Subsequent event following first relapse n (%)
Abandonment 46 (6.1)
Refusal of treatment 4(0.5)
Relapse 139 (18.4)
Death 370 (49.0)
None 196 (26.0)

Median years to next event (IQR)

Abandonment

0.22 (0.09-0.52)
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Refusal of treatment 0.45 (0.29-0.57)
Relapse 0.87 (0.45-1.96)
Death 0.19 (0.08-0.44)
None 1.90 (0.58-4.87)

Cause of death n (%) N =492

Infection 96 (19.5)
Hemorrhage 34 (6.9)
Progressive disease 346 (70.3)
Other 16 (3.3)

Abbreviations: IQR, interquartile range n, number experiencing the event; N,
total number at risk and only displayed when missing data; SE, standard error.

Discussion

We found that children with relapsed ALL in Central America
had poor outcomes overall, although some children appear to have
prolonged survival. For those who experience a second relapse,
some may live relapse-free for several months to several years. We
determined predictors of survival and identified a good risk group
with EFS of 50% and OS of 68%. These findings can be used to gui-
de therapeutic decision-making following relapse for children with
ALL in Central America.

For children with relapsed ALL in Central America, EFS and OS
are inferior to those described in recent reports from HIC.2-8 There
are multiple reasons for this inferior survival. First, ALL outcomes
are generally inferior in LMIC, and this survival gap is typically at-
tributed to higher treatment-related mortality and abandonment of
therapy.15 In addition, salvage treatments are limited in LMIC. In
particular, access to newer expensive drugs may be difficult or im-
possible, and hematopoietic stem cell transplantation is not available
in the region. Finally, given the costs and burden associated with
treatment of relapsed ALL, parents and health care professionals may
choose a palliative approach earlier in a resource-limited context.
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Table 3. Univariate Analysis of Event-Free and Overall Survival for
Children With Relapsed Acute Lymphoblastic Leukemia in Central

America
Event-Free Survival Overall Survival
Characteristic | HR | 95% CI | P HR | 95% CI | P
Characteristics at Diagnosis
Age>10y 1.57 1.32-1.88 <.0001 1.61 1.33-1.95 | <.0001
Sex, male 0.96 0.81-1.13 0.598 0.94 0.79-1.13 | 0.532
Race
Hispanic 0.94 0.78-1.13 0.517 1.04 0.85-1.26 | 0.712
Indigenous 1.2 0.90-1.60 0.216 1.3 0.97-1.76 | 0.083
Caucasian or mixed race REF REF
Missing 1.87 0.83-4.20 0.131 1.46 0.54-3.93 | 0.452
Initial WBC
<50 x 109/L REF REF
>50x 109/L 1.59 1.31-1.93 <.0001 1.49 1.20-1.84 | 0.0003
Missing 0.92 0.71-1.19 0.529 0.92 0.70-1.21 | 0.545
DNA index
>1.16 REF REF
<1.16 1.92 1.38-2.66 0.0001 1.89 1.34-2.65 | 0.0003
Missing 1.66 1.19-2.32 0.003 1.55 1.10-2.21 | 0.014
Histology
B lineage REF REF
T lineage 1.46 1.12-1.90 0.005 1.53 1.16-2.02 | 0.003
Missing 1.16 0.82-1.63 0.403 1.09 0.75-1.58 | 0.649
Central nervous system
status
Negative (CNS 1 or CNS 2) REF REF
Positive (CNS 3) 1.6 1.14-2.26 0.007 1.59 1.08-2.33 | 0.018
Missing 0.69 0.52-0.92 0.011 0.69 0.51-0.94 | 0.018
Risk category
Standard risk REF REF
Intermediate risk 1.73 1.19-2.51 0.004 2.06 1.40-3.02 | 0.0002
High risk/very high risk 1.69 1.39-2.05 <.0001 1.74 1.41-2.14 | <.0001
Missing 1.19 0.84-1.69 0.336 1.23 0.85-1.80 | 0.271
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Diagnosis time period

1990-1999 REF REF
2000-2007 1.27 1.01-1.60 0.044 1.44 1.12-1.86 0.005
2008-2011 1.65 1.22-2.23 0.001 1.92 1.38-2.67 <.0001

Characteristics at Relapse

Time to relapse <36 mo 2.22 1.79-2.74 <.0001 2.39 1.90-3.01 <.0001

Site of first relapse

Isolated CNS or testes REF REF

Not isolated CNS or testes 1.61 1.32-1.96 <.0001 1.89 1.51-2.37 <.0001

Phase of therapy at relapse

Consolidation/ 0.88 0.67-1.16 0.369 0.87 0.65-1.18 0.374
intensification

Maintenance REF REF

Follow-up 0.4 0.32-0.51 <.0001 0.38 0.30-0.48 <.0001
Abandoned 0.66 0.52-0.84 0.0007 0.63 0.49-0.82 0.0004
Not abandoned prior to 1.13 0.90-1.43 0.302 1.15 0.90-1.47 | 0.263
relapse

Abbreviations: CI, confidence interval; CNS, central nervous system; HR, hazard
ratio; REF, reference value; WBC, white blood cell count.

We found that some children had prolonged survival, and even
for those who did relapse a second time, most of those relapses occu-
rred between 6 and 24 months; this relapse-free time may be impor-
tant to families. Thus, our findings suggest that aggressive treatment
may be beneficial for at least some Central American children with
ALL relapse, particularly for those who have favorable prognostic
features. However, there are important factors to consider when de-
ciding to treat a child with relapsed ALL, including preferences and
the socioeconomic context of the family.

The strengths of this study include the large sample size, which
permitted robust modeling of predictors of postrelapse survival, and
that all the centers included (with their satellites) provide the majo-
rity of the pediatric oncology care in their respective countries. This
approach allowed highly generalizable, population-level analysis of
all children experiencing relapse.
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Event-Free Survival Overall Survival

Characteristic |HR |95% I |P HR |95% I |P

Characteristics at Diagnosis

Age at diagnosis >10'y 1.42 1.18-1.71 0.0002 | 1.45 1.20-1.77 | 0.0002
WBC at diagnosis

<50 _109/L REF REF

> 50 _109/L 1.47 1.20-1.81 0.0002 | 1.35 1.08-1.69 | 0.008
Missing 0.008 |0.76-1.46 0.773 1.17 0.82-1.65 | 0.389
Histology at diagnosis

B lineage REF REF

T lineage 1.05 0.79-1.39 0.75 1.16 0.86-1.56 | 0.327
Missing 1.46 1.01-2.12 0.047 1.39 0.93-2.09 | 0.108

CNS status at diagnosis

Negative (CNS 1 or CNS 2) REF REF
Positive (CNS 3) 1.52 1.07-2.16 0.021 1.53 1.03-2.25 0.034
Missing 0.68 0.47-0.98 0.039 0.74 0.50-1.10 0.138

Diagnosis time period

1990-1999 REF REF

2000-2007 0.94 0.70-1.27 0.538 1.16 0.83-1.61 0.381
2008-2011 0.89 0.62-1.29 0.679 1.12 0.75-1.68 0.573
Time to relapse < 36 mo 2.19 1.76-2.74 <.0001 |2.35 1.85-3.00 <.0001

Site of first relapse

Isolated CNS or testes REF REF

Not isolated CNS or testes 1.79 1.46-2.19 <.0001 |2.1 1.67-2.63 <.0001

Abbreviations: CI, confidence interval; CNS, central nervous system; HR, hazard
ratio; REF, reference value; WBC, white blood cell count.

However, our study must be interpreted in light of its limitations.
First, we observed that all children who abandoned treatment after
relapse died. If some children with ALL abandoned primary therapy,
relapsed, and never returned to the health care system, these children
would have been excluded from our study. Thus, this exclusion may
have biased our results. Although the magnitude of this problem is
unknown, prior data may be helpful. In a previous study from El
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Salvador, we found that 19 of 443 (4.3%) of children with ALL aban-
doned therapy and did not return for care.9 These data provide an
estimation of the number of children with relapsed ALL who may
have been excluded from the analysis. Second, our study only in-
cluded relapsed patients; therefore, we do not have an estimation of
relapse rates and how these may have changed over the study time
period. An additional limitation is that relapse therapy varied wi-
thout a coordinated relapse protocol and thus, we could not evaluate
the role of therapy on relapse outcomes. Therapy is one of the most
important prognostic factors in relapsed ALL, and introduction of a
common relapse protocol for the region is an important future goal.
Finally, we do not have an accurate measure of the proportion of
patients treated with a curative intent who achieved a second remis-
sion; such data would provide important prognostic information for
specific patient subgroups.

In conclusion, we found that outcomes for relapsed ALL in Cen-
tral America are poor. However, some children have prolonged sur-
vival, and even among those who relapse again, they may live relap-
se-free for many months. Consequently, aggressive treatment may
be warranted for at least some children with relapsed ALL, particu-
larly in those with better prognostic features. Future studies should
evaluate treatments received and quality of life in order to gain more
insight into optimal treatments in the relapsed ALL setting in the
LMIC context. Use of common relapse protocols would facilitate be-
tter understanding of relapsed ALL outcomes.
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Uneven strides in research and care have led to discrepancies in
childhood cancer outcomes between high and low income countries
(LICs). Collaborative research may help improve outcomes in LICs
by generating knowledge for local scientific communities, augmenting
knowledge translation, and fostering context-specific evaluation of treat-
ment protocols. However, the risks of such research have received litt-
le attention. This paper investigates the relationship between pediatric
oncology research in LICs and four core issues in the ethics literature:
standard of care, trial benéefits, ethics review, and informed consent. Our
aims are to highlight the importance of this field and the need for further
inquiry. Pediatr Blood Cancer 2012; 58:492—-497.

Key words: ethics review; informed consent; low income countries;
pediatric oncology; research ethics; standard of care; trial benefits.
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Introduction

Children with cancer in high income countries (HICs) have be-
nefited from substantial advances over the past several decades, and
now enjoy average cure rates above 80% [1]. Survival rates in low
income countries (LICs), however, are 5-60% [2]. Of the approxi-
mately 250,000 children who develop cancer annually, only 50,000
live in HICs [3]. Over the last two decades, pediatric oncologists in
both HICs and LICs have begun to address this survival gap through
“twinning partnerships,” in which HIC and LIC institutions collabo-
rate to improve outcomes for children with cancer [4-7]. Twinning
programs have made possible improvements in infrastructure, en-
hanced access to drugs and diagnostic tests, consultation with HIC
experts, and training of local health care providers [8-11].

As such initiatives have improved outcomes in LICs, interest
has emerged in conducting research. Pediatric oncology research in
LICs has the potential to improve outcomes for LIC children with
cancer by generating knowledge for both local and global scien-
tific communities, augmenting resource- and knowledgetransfer
activities, and fostering context-specific evaluation of prognostic
variables and treatment protocols. However, the concomitant ris-
ks of such research have received little attention. The potential for
exploitation of patients, families, already overworked clinical sta-
ff, and the community as a whole is not insignificant. This risk is
greatest when researchers gear LIC trials to answer questions of
principal relevance to HICs, with minimal possibility for LIC be-
nefit. Primarily, these risks attach to interventional studies, with
drug development trials posing unique risks in the LIC setting.
Various other types of research, including chart reviews and sim-
ple observational studies, carry less ethical risk. Nonetheless, as in
HIC settings, these too require ethical oversight. Given the resour-
ce limitations in most LICs, the maintenance of standards to pro-
tect research participants likewise remains problematic. Clearly, as
pediatric oncology research in LICs expands, exploration of the
relevant ethical issues becomes essential.
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Moreover, a number of factors give rise to unique ethical issues
in pediatric oncology research in LICs. The use of complex, toxic
therapies demands nuanced, iterative appraisals of risks and bene-
fits, with resultant implications for study design and implementa-
tion. Likewise, the dependence on coordinated, multi-disciplinary
care for the survival gains witnessed in HICs implicates the health
system as a rate-limiting step for improving outcomes. This under-
lines the need to evaluate the feasibility and appropriateness of re-
search within variable LIC system contexts, as any perturbation in
the system may reduce its ability to deliver care. Lastly, the proven
benefits of collaborative approaches in pediatric oncology research
in HICs prompt consideration of similar paradigms in LICs, inclu-
ding their attendant ethical issues.

This paper will assess the interplay between pediatric oncology
research in LICs and four core issues in the ethics literature: standard
of care, trial benefits, ethics review, and informed consent (Table I).
We seek to highlight the importance of this field and the need for
further inquiry, and to enliven debate on these issues among those
involved in pediatric oncology in all settings.

Methods

Literature reviews on ethical issues related to standard of care, trial
benefits, ethics review, and informed consent were conducted throu-
gh electronic searches of major science and social sciences databases
(ISI Web of Knowledge, WorldCat, Social Sciences Abstracts, Medline
and PubMed), which were supplemented by hand searches of relevant
journals and ongoing “snowball” searches from reference lists. We fo-
cus on the ethical implications of drug development and intervention
research, as distinct from quality improvement projects in pediatric
oncology care in LICs. In categorizing countries, we use World Bank
definitions of high, middle, and low income countries, with economies
divided according to 2008 gross national income per capita (low in-
come, $975 or less; lower middle income, $976-$3,855; upper middle
income, $3,856-$11,905; and high income, $11,906 or more) [12].
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Table 1. Ethical Dimensions of Drug Development Research in LIC
Paediatric Oncology

Issue

Themes

Sample questions

Standard of care

Scientific necessity
Host community
relevance
Non-maleficence
Host community
benefits

What principle(s) should govern determination
of the control arm of a paediatric ALL therapeutic
trial in LICs?+

What are the social and health system
ramifications of the proposed study? What
protections should research sponsors and
investigators offer to LIC communities in which
clinical trials are conducted?

Trial benefits

Reasonable
availability
Fair benefits

Is provision of post-trial access to the study
intervention, if proved safe and effective,
mandatory in LICs? Who bears this responsibility?
Should researchers employ a different principle to
determine the extent and nature of benefits? To
what extent should the social context determine
the degree or character of trial benefits?

Ethics review

Community
engagement
Local IRB capacity

What responsibility do international research
sponsors/investigators have to create and sustain
local IRB capacity?

What principles or mechanisms should IRBs
use to help research sponsors and communities
explore differences in values or perspectives?

Informed consent

Literacy, cultural
perceptions of care
Agency relationship/
power imbalances
Children and proxy
decision making

How do researchers and community institutions
ensure lack of coercion in trial enrolment?

Are any special protections necessary in LICs to
ensure protection of the best interests of children
enrolled in therapeutic oncology protocols?

Results

Standard of Care-Universalism Versus Relativism

The concept of a “standard of care” has figured prominently in
recent debates on international research ethics [13-17]. Defining the
“standard of care” is important when deciding which treatment pa-
tients assigned to the control arm of a comparative trial will receive;
a broader understanding also encompasses disease evaluation, fo-
llow-up, and supportive care. Whether or not research trials institute
the same standards of care for subjects in LIC settings as they would
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for those in HICs is a charged issue with considerable implications
for the conduct of pediatric oncology clinical trials in LICs.

The importance of standards of care in medical research is intima-
tely related to the protection of research subjects. Protection, in turn,
hinges primarily on the prevention of exploitation. Wertheimer cons-
trues exploitation as contingent on the balance between risks ventured
and benefits received by each party in a given interaction [18]. Moral
discomfort arises from an imbalance in this tally of risks and benefits.

Efforts to guard against exploitation have fostered principles re-
garding minimum standards of care necessary for the ethical con-
duct of trials. A prevalent opinion—captured in key pieces of natio-
nal legislation and international declarations—accords universality
to medical standards in research. The US National Bioethics Ad-
visory Commission maintains that “clinical trials (should) provide
members of any control group with an established effective treat-
ment, whether or not such treatment is available in the host country”
[19]. It defines established as “widespread acceptance by the global
medical profession” and effective as “successful as any in treating the
disease or condition” [17]. This perspective holds remarkable sway
and has fuelled controversy in international collaborative research
[14,20-22]. Revised in 2008 in response to ongoing debate on this
issue, the World Medical Association’s Declaration of Helsinki qua-
lifies the concept of a “universal” standard of care:

The benefits, risks, burdens and effectiveness of a new interven-
tion must be tested against those of the best current proven inter-
vention, except in the following circumstances: The use of placebo,
or no treatment, is acceptable in studies where no current proven
intervention exists; or, where for compelling and scientifically
sound methodological reasons the use of placebo is necessary to
determine the efficacy or safety of an intervention and the patients
who receive placebo or no treatment will not be subject to any risk
of serious or irreversible harm. Extreme case must be taken to avoid
abuse of this option [23].

150

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

The Council for International Organizations of Medical Sciences
(CIOMS) reaffirms this stance [24]. Growing calls among ethicists,
researchers, sponsors, and policymakers for attention to context in
standards of care have swung the moral pendulum away from strict
universalism toward a conditional relativism in standards for inter-
national trials [25-28]. For instance, the UK Nuffield Council for
Bioethics explicitly permits modified standards of care for research
in LIC settings: “Wherever appropriate, participants in the control
group should be offered a universal standard of care for the disea-
se being studied. Where it is inappropriate to offer such a standard,
the minimum that should be offered is the best intervention cu-
rrentlyavailable as part of the national public health system” [29].
The intended goal of relative standards is to minimize exploitation
and conduct research of specific value to LIC populations, without
shading into outright moral relativism. To this end, Wendler et al.
[17] propose that research evaluating less-than-the-best interven-
tions should be allowed only when the following criteria are met: (i)
scientific necessity, (ii) host community relevance, (iii) subject and
host community non-maleficence, and (iv) sufficient host commu-
nity benefits.

Scientific necessity implies that an important clinical question
can only be answered through use of the proposed control arm. The
relevance of this principle to pediatric oncology research is appa-
rent. Consider an LIC institution that has adopted a reduced-in-
tensity treatment protocol for acute lymphoblastic leukemia (ALL),
and plans to conduct a randomized trial to determine whether the
addition of another agent, such as PEGL-asparaginase, is beneficial.
Strict universalism would dictate that the standard arm constitutes
an established effective treatment— namely, a regimen deemed op-
timal ALL therapy in HICs. By contrast, conditional relativism in
standards of care allows for a standard arm predicated on the host
country’s existing treatment protocol—an approach that is not only
feasible but provides information of specific value to the population
studied. There are, of course, potential problems that attach to such
an ethical paradigm, including the perception of double standards
and the risk of a persistent gulf in clinical outcomes between HIC
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and LIC populations. Clearly, the benefits and risks of relativity in
standards of care for pediatric oncology drug trials in LICs need fur-
ther exploration.

Host community relevance speaks to research that generates fin-
dings of clinical value to the local population. In the example above,
the control arm most relevant for the host community would be the
treatment protocol currently in use, assuming that evidence and ex-
perience suggest acceptable toxicity. Conversely, control arms that
are impractical in a given LIC setting may lack local relevance and,
by extension, ethical credibility. Emanuel et al. [30] have argued that
research requires social value to be ethical. A US pharmaceutical
company’s proposed trial of a novel surfactant preparation against
both US-approved surfactant and placebo in Latin American neo-
natal intensive care units was controversial for this reason [16]. It
proposed to evaluate an intervention that was unaffordable in the
local settings, against a control that was either unavailable (existing
surfactant) or arguably unethical (placebo). The benefits of this trial
were directed primarily at HIC populations and were largely irrele-
vant to local populations. Analogous examples in pediatric oncolo-
gy are not hard to imagine. The testing of novel and expensive the-
rapeutics (new agent chemotherapies, monoclonal antibodies) are
likely not justifiable in populations for whom these interventions
would be out of reach before and after the study period.

Non-maleficence in this context requires that research not harm
the existing system, nor compromise either the standard of, or access
to, current care. Put simply, the trial should not leave the subjects
or host community worse off than they would be if the trial were
never conducted. Seriously ill children must receive care that is as
good as, or potentially better than, existing treatments available to
them outside the trial. The research protocol, including its associated
infrastructure and trial supports, should maintain or build system
capacities rather than drain them. This is a particular risk in LIC
settings where individual clinicians and overall health systems con-
front tremendous workloads. The implementation of a randomized
trial in pediatric ALL therefore risks reducing both time for clinical
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care and supplies for other patients. Any such trial should therefore
hire and train health care personnel, augment laboratory and diag-
nostic capacity, and improve supportive care for children on therapy
to ensure that non-study children do not receive reduced resources
or care as a result of the trial’s existence.

Trial Benefits

The issue of trial benefits dovetails closely with the “standard
of care” debate. Predicating exploitation in research on unfavorable
risk-benefit ratios to participants suggests that augmenting benefits
works to mitigate potential risks [31-33]. The extent of benefits ex-
tended to research subjects and their communities, and the locus of
responsibility to ensure their provision, remain pivotal issues. It is
now broadly acknowledged that research in LICs prompts a different
appraisal of risk, based on a greater potential for exploitation. This
compels a distinct and more extensive catalogue of benefits [32,34,35].

International statements on research ethics, including the Decla-
ration of Helsinki and the CIOMS International Ethical Guidelines
for Biomedical Research Involving Human Subjects, demonstrate
basic consensus on the issue of trial benefits. Three points are rele-
vant: pre-trial negotiations, intra-trial conduct, and post-trial provi-
sions. Prior to trial initiation, investigators must delineate research
conditions and benefits with the host community. At its close, a
duty to assure sustained access to effective interventions is assigned.
Throughout and beyond, efforts to build local capacity such that host
country researchers and institutions can become full partners in the
research are required [36]. However, the details of these duties are
rarely spelled out and differ across guidelines. Much of the deba-
te revolves around the idea of “reasonably available” benefits. The
CIOMS guidelines dictate: “the sponsor and the investigator must
make every effort to ensure that any intervention or product develo-
ped, or knowledge generated, will be made reasonably available for
the benefit of that population” [24]. The Declaration of Helsinki re-
fers to “a reasonable likelihood that (the) population or community
stands to benefit from the results of the research” [23].
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The vague nature of the duty to ensure that the benefits of the re-
search be made reasonably available leads to debate on several fronts
(Fig. 1). First, the nature and strength of sponsors’ responsibility to
assure post-trial benefits at the outset is questioned. Does responsi-
bility fall squarely on research sponsors and investigators, or is it a
shared obligation of all partners, including thehost country or ins-
titutions? The means of making interventions “reasonably available”
are likewise debated. Are free provision, subsidization, and free mar-
ket pricing of study drugs equally legitimate ways of discharging this
duty? Many research endeavors in the LIC setting are poorly funded
and funding is typically limited to the study period. Consequently,
continued provision of interventions after study closure may pro-
ve difficult, depending on the funding model adopted. Finally, the
scope of the recipient pool is unclear. Does this benefit accrue to re-
search subjects alone, or should it include their larger communities?

The study of locally adapted pediatric ALL treatment illustrates
these uncertainties. An incremental approach to progress in ALL
therapy in LICs implies iterative gains in standards of care. For ins-
tance, the successful addition of high-dose methotrexate to ALL
protocols in resource-constrained settings depends not only on the
cost of the drug but also the system’s ability to administer, monitor,
and troubleshoot its use. Must investigators, research institutions
or local governments continue to fund access to methotrexate at
the trial’s close? If so, who within the country should have access
to it? What about the capacity to provide the supportive care that is
needed to safely deliver it? Who bears the longterm fiscal and ope-
rational costs for enhanced nursing and laboratory capacity? The
responsibility to entrench and extend modalities of supportive care
offered on-study—be they medical, such as treatment of chemo-
therapeutic side effects and opportunistic infection, or social, such
as transportation and housing subsidies— to those off-study is far
from clear. Most broadly, if study results identify a new standard
of care, who is accountable for ensuring that it is made available to
the relevant communities?
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Despite its acceptance by many guidelines, the concept of “rea-
sonable availability” is controversial. Some regard it as a blunt tool
for gauging individual and community benefits, insofar as ongoing
access to a trial intervention does not preclude exploitative terms of
conduct [37]. In a context of resource scarcity, the strength of the
inducement to enroll in research as a means to access the trial inter-
vention may in fact cloud appraisal of a study’s risks. It is not hard to
imagine a scenario wherein issues of consent, privacy, and risk com-
mand less attention than the apparent promise of a study drug, parti-
cularly in the context of fatal untreated disease. These issues warrant
careful dissection amidst mounting efforts to conduct therapeutic
trials in pediatric oncology in LICs.

Figure 1. Continuum of duty to ensure “reasonable availability” of
benefits

LU

T 1. - Free provision Subsidization Free markst
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Research Digease
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‘Breadth -~ : System
of Benefit Ll il it integration

Ethics Review

Formal ethics review board (ERB) oversight is fundamental to
the safety and legitimacy of human research. Although routine in
most HICs, ERBs are rare in many LICs. Notable efforts have been
made to establish ERBs in select LIC contexts [38,39]. Their con-
tinued development is crucial to expanded and ethically sound re-
search. However, international collaboration for research oversight
is itself fraught with a number of tensions.
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Core functions of ERBs include: analysis of the risks and bene-
fits of research to protect subjects and promote equity in the dis-
tribution of benefits and burdens; education of researchers; and the
audit of ongoing research for public accountability [34]. Although
the first of these functions is increasing in LICs, implementation of
the latter two remains haphazard. Consequently, both the profession
and the public face uncertainty regarding rights and responsibilities
in research settings. This has meant more room for exploitation of
subjects, blurred lines of responsibility between medical providers,
researchers and institutions, and a lack of public accountability for
unethical protocols or practices [40].

Community engagement in research design and review— essen-
tial to synchronizing research goals, medical realities and commu-
nity needs—is likewise patchy [41]. The instability of community
structures, a dearth of representative institutions, and oversight or
rarely willful neglect by investigators are all partially responsible
[42,43]. In some countries, a lack of democratically legitimate poli-
tical structures poses a further challenge. Creative mechanisms for
securing robust and sustained channels of communication with lo-
cal representatives, community leaders, and the interested public are
therefore necessary for collaborative research efforts. Enhanced in-
volvement of patient and family voices in the review process throu-
gh existing or de novo representative bodies, such as local parents’
associations, might help meet this need.

The responsibility to establish and maintain local ERB capaci-
ty also requires attention. CIOMS and UNESCO guidelines, among
others, state that HIC sponsors must aid in the development of ethical
oversight of research in LIC settings [24,44]. However, the implica-
tions are not well-fleshed out. Are sponsors ultimately responsible for
decisions made by host country ERBs in the context of collaborative
research? Is autonomy on the part of local ERBs established by foreign
investigators realistic, given inherent power imbalances? A host ERB
may well feel pressure from its institution to secure foreign research
funds and reap the benefits of national and international prestige.
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The need to oversee research across differences in culture, health
systems, and local medical practices poses particular challenges for
collaborative research oversight. Expertise with both the disease and
acceptable variance in its treatment are thereforeessential to ethical
review of pediatric cancer research in LICs. So too is intimate fami-
liarity with the realities of childhood cancer care in a specific LIC
context, if local relevance and feasibility are to be met. Finally, sen-
sitivity to the play of sociocultural factors on perceptions of cancer
and its treatment is crucial to the ethicaladjudication of research, es-
pecially when considering diseases for which treatment may cripple
as well as cure.

Despite the challenges, international collaboration to establish
and maintain ERB capacity for pediatric oncology research in LICs
can work. Caniza et al. [38] report on the creation of a hospital-ba-
sed ERB in El Salvador in the context of a twinning program that
married the initiative and dedication of local researchers with the
practical experience of HIC partners. Its success ultimately spawned
El Salvador’ first national ERB. However, the maintenance of ERB
capacity in El Salvador has proved challenging, suggesting that this
and like efforts require ongoing support and collaboration (Raul Ri-
beiro, personal communication). Nevertheless, the authors construe
this as an instrumental component of the duty imposed on interna-
tional sponsors by CIOMS and other guidelines to improve partici-
pant protection in LICs [38].

Informed Consent

A cardinal principle in research ethics, informed consent opera-
tionalizes the respect merited by research subjects through formal
recognition of their autonomy. A number of issues deserve focu-
sed attention in the context of pediatric oncology research in LICs.
Some, such as the bind of illiteracy amid provisions for written con-
sent, are more or less easily resolved. The Indian Council for Medical
Research guidelines, for instance, contain provisions on admissible
verbal consent, witnessed in writing by an unrelated party and po-
tentially documented by audiovisual means, provided confidentiali-
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ty is assured [45]. Others, however, have proven more intractable, as
they trouble the definition and presuppositions of the concept itself.

The play of social and political power imbalances in global me-
dical research is one such issue. Scarce health care resources, and
the consequent incentive for local clinicians to enroll patients in we-
ll-funded international drug trials, complicate the process of obtai-
ning truly informed and voluntary consent. Potential role conflicts
created by discordant obligations of researcher and physician set
this issue in relief. The power inherent in the agency relationship
between doctor and patient is ripe for abuse where these identities
overlap, particularly so in LICs, where access to care may be otherwise
limited.

The ethical course is muddier still with respect to children, over
whom another layer of authority is imposed. The issue of proxy deci-
sion-making and consent on behalf of children is thorny enough in
HICs. The added complexity that stems from research on children in
many LICs makes this a uniquely delicate problem. Pressure to enro-
Il children in international drug trials to reap ancillary benefits may
hinder informed parental decision making or eclipse consideration
of the child’s best interests. The inherent risks of this type of coercion
are heightened in the context of cancer care, given the physical and
psychosocial costs associated with treatment. Conversely, parents
or communities unfamiliar with medical research or altogether sus-
picious of foreign investigators might withhold consent on behalf
of their children, despite the latter’s best interests, especially when
treatment-related morbidity and mortality are so manifest. How to
judge the best interests of a child, and who may legitimately do so, are
difficult questions. Attempts to square local perspectives with inter-
national norms, such as those in the UN Convention on the Rights
of the Child, add an additional layer of complexity to this debate.
How to resolve the potentially competing needs and perspectives of
child, parent, and community in such a setting remains a trying issue
in international research, all the more so in respect of interventions
as involved, burdensome, and sustained as oncology trials.
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Conclusion

Despite far-reaching scientific and clinical advances, vast global
gaps in childhood cancer care remain. Research into the nature and
extent of these discrepancies and the most effective means of miti-
gating their burden is essential, as is publication of the methods and
results of these endeavors. The unique dimensions of this research
demand recognition that the vulnerability of LIC populations to
exploitation during drug development research is pronounced; the
processes of institutional review and informed consent often weak
or uncertain; and the degree of benefit to subjects and communities
frequently unclear. The ethics of research into the care of children
with cancer in LICs remains largely uncharted territory. Concep-
tual and empiric testing of questions related to standard of care, trial
benefits, ethics review, and informed consent specific to pediatric
oncology research efforts in LICs is an essential next step. Only by
testing the center and limit of each of these questions against the
specific reality of childhood cancer in LICs will we articulate a lan-
guage up to the task.

Conflict of interest and Financial disclosures: S] is a paid mem-
ber of a data safety monitoring board for Genzyme Corporation.
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Purpose. Managing older adolescents and young adults with can-
cer is a challenge, both medically and psychosocially: it is important to
assess these patients’ psychological issues and the type of services
they need when deciding who should treat these patients, and where.

Methods. This study describes the pattern of psychological re-
ferral and consultation for older adolescents and young adults with
cancer being treated at a pediatric oncology unit, as compared with
the case of younger patients.
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Results. Between 1999 and 2006, 318 patients <15 (32% of the
patients in this age group) and 117 215 years old (30%) were referred
for psychological consultation. The number of interviews per patient
was 2.8 for patients under fifteen and 7.8 for older patients. Youn-
ger patients were referred by all members of staff, while most older
patients were referred by doctors, mainly because they had trouble
adapting to the cancer’s diagnosis and treatment. An ongoing, weekly,
long-term psychotherapy was needed for 1% of patients <15 and 10%
of those 215 years old.

Conclusions. Adolescents and young adults with cancer have
specific psychological needs. While awaiting the full development
of programs dedicated to these patients, they would seem to benefit
from being treated in a multidisciplinary setting of the kind usually de-
veloped at pediatric units, fully integrating the psychological operators
with the other staff members. Pediatr Blood Cancer 2008;51:105—-109.

Key words: adolescents and young adults with cancer; liaison;
psychological support; referral.

Introduction

Malignant tumors are relatively rare in adolescents and youn-
gadults (AYA), but their management poses more of a challenge, in
both the medical and the psychosocial spheres: these patients inha-
bita “no- an’s” land between pediatric oncology and “adult” medical
oncology, and the problems of howandwhereAYAwith cancer should

be treated remain controversial [1-4].

The malignancies occurring in adolescence form a set pecu-
liar to this particular age group, the majority being tumors typical
of pediatric age (i.e., brain tumors, leukemia and lymphoma, sar-
comas), and the remainder tumors of adulthood (i.e., melanoma,
thyroid and other carcinomas) [1,5]. It makes a lot of sense to assu-
me that these patients should be treated according to their type of
tumor, not according to their age, that is, pediatric tumors should
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be treated by pediatric oncologists, adult tumors by adult medical
oncologists;however, this solution seems right for the tumor, but not
for the patient [4]. AYA are complicated individuals with particular
emotional, social and psychological problems, very diverse levels of
maturity and different needs. It is essential to bear in mind that a
diagnosis of cancer at this age has a major impact not only physica-
lly but also psychologically, and the related treatment has to cover
the psychological issues [6,7]. In recent years, oncologists have been
learning to pay more attention to their patients’ psychologicalsphere
and psychological support has come to be considered a fundamental
service, especially in children’s wards dealing with cancer [8]. As-
sessing a patient’s psychological needs and the services available at
different centers must be part of the process to choose who should
treat adolescents with cancer, and where.

This study outlines the psychological support given to adoles-
cents and young adults treated at the PediatricOncology Unit of the
Istituto Nazionale Tumori of Milan, Italy, which is a pediatric on-
cology unit that forms part of a cancer institute, not of a pediatric
department, where the pediatric oncologists can treatAYApatients
with pediatric tumors whatever the patient’s age.We describe the pa-
ttern of referral for psychological consultation and the type of any
psychotherapy provided, comparing the approach used to deal with
younger versus older patients.

Materials and methods

At our department, psychological support for patients and their
families is individually tailored on two different levels. The first le-
vel concerns the “medical psychological” approach: this involves the
medical team (pediatric oncologists and nursing staft), social wor-
kers and teachers, and aims to provide initial emotional support for
the anguish associated with the diagnosis of cancer and the prospect
of therapies, while counseling can also be offered and any psycho-
logical needs identified. The second, clinical psychology level, whe-
re necessary, involves the clinical psychology specialists (who are
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members of the staff and a daily presence at the clinic). Two specia-
lists in clinical psychology are currently on the staff, one a medical
doctor and the other a psychologist.

To identify any differences in the approach used for children and
for AYA treated at our department between January 1999 and De-
cember 2006, we retrospectively analyzed and described the pattern
of referral for psychological consultation, focusing on how and why
patients were referred, and the nature of any psychotherapy. Patients
were grouped by age, comparing the under 15 years old with those
of 15 or more.

The main reasons prompting a psychological consultation were
schematically classified as: (a) difficulty adapting to disease and
treatment; (b) relational problemswith the hospital team; (c) parti-
cularly stressful treatments, for example, high-dose chemotherapy
or mutilating surgery; (d) problems of compliance with treatment;
(e) emotional distress and adaptation problems in long-term survi-
vors; (f) terminal disease; (g) relational difficulties in the family; (h)
psychosocial problems; (i) psychopathological conditions in patients
or their parents giving rise to subjectively experienced concerns or
interfering with care-giving activities. Chisquared tests were used
for statistical analysis. This study was approved by ethics panel of
our Institution.

Results

During the period considered, 1,386 patients with solid tumors
were treated at our pediatric oncology unit: 991 were <15 and 395
(28%) were 215 years old. Of the latter group, 159 were older than 18
years (11% of the total). Overall, 435 patients received psychological
support, amounting to a total of 1,810 interviews. Table I shows the
percentages of younger and older patients requiring support, that
is, 32% and 30%, respectively. The number of interviews per patient
differed considerably, however, with 2.8 for the under 15 years old
and 7.8 for the older patients.
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Table I. Psychological Support: Comparison Between Patients Under

and Over 15 Years Old (1999-2006)

Under 15 years old 15 and over
Total patients 991 395
Patients given psychological support 318 117
% 32% 30%
Total number of interviews 897 913
Number of interviews/patient 2.8 7.8

Figure 1. How patients were referred for consultation: comparison
between patients under and over 15 years old.8

CHILDREN AND
YOUNG ADOLESCENTS

W

(< 15 y1%)
1

DOCTORS

NURSES

SOCIAL WORKERS
TEACHERS
FAMILY

total patients referred

OLDER ADOLESCENTS
AND YOUNG ADULTS

15 yr3)

patients <15 yrs =15 yrs p value
61 20 =0.0001
41 10 NS,
2 4 NS,
100 2 <0.0001
94 21 =0.04
318 117

N.5. = not significant

Figure 1 shows how patients were selected for clinical psycho-

logical consultation, comparing younger (318 patients <15 years)
and older patients (117 patients >15 years): doctors referred 19%
of younger and 68% of older cases, respectively (P<0.0001), while
teachers and playroom monitors referred 31% of children and 2% of
adolescents (P<0.0001); in 30% of younger cases the request for an
interview came from parents or the patients themselves, as compa-
red to 18% of older patients (P<0.04).
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The medical personnel were more involved in referring patients
whose problems had to do with accepting the treatment, particularly
treatments such as high-dose chemotherapy or mutilating surgery
(doctors referred 66% of the patients with treatment acceptance pro-
blems), coping with terminal disease (63% of cases), and emotio-
nal distress in long-term cancer survivors who had completed their
treatment (61%). The nursing staff tended more to report problems
relating to poor compliance with treatment (nurses reported 47%
of the cases of poor compliance). Social workers generally referred
patients with relational difficulties within the family (25% of cases),
while the teaching staft were much more active in identifying psy-
chosocial distress (52% of the patients with psychosocial problems
were referred by teachers) and difficulties in adapting to the disease
and treatment (45% of cases).

Figure 2 shows the reasons why patients in the two age groups
were referred for psychological consultation. In both groups, the
main reason for referral concerned patients finding it difficult to
adapt to the cancer diagnosis and related treatment (34% in the
younger group and 28% in the older group). It is worth noting that
quite a significant proportion (18%) of the younger patients had psy-
chological consultation for relational difficulties within the family
(P<0.04) (more between the parents than for the patient). These were
the cases whose referral to the specialist was at the family’s request.
In the older group, a relevant number of patients had psychological
support for problems of compliance with the treatment (15%) and
relational difficulties with the hospital team (11%) (P<0.0001).
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Figure 2. Reason for referral: comparison between patients under
and over 15 years old

CHILDREN AND OLDER ADOLESCENTS
YOUNG ADOLESCENTS AND YOUNG ADULTS
(< 15 yrs) (215 yrs)

patients < 15yrs  >15 yrs p value

a) difficulty adapting to disease and treaiment 107 33 N.5.

b) relational problems with hospital team 1 13 <0.0001
c) particularly siressful treaimenis 35 21 NS,

d) scarce compliance with treatment 25 17 =0.05
e) emotional distress in long-ierm survivors 41 10 M.S.

f) terminal disease 16 3 N.5.

g) relational difficulties in family 51 2 «0.04
h)psychosocial problems 3 1] N.S.

i) psychopathological conditions 11 6 NS,

total patients referred 318 117

M 5. = not significant

Particular differences emerged between the two age groups as
regards the types of problem encountered in long-term survivors,
after completing their treatment and during the follow-up. This type
of emotional distress was often reported by the patients themselves
and usually related to difficulties in adapting to their return to nor-
mal life after the trauma of their cancer and its treatment. Three par-
ticular situations were seen in AYA: problems relating to pregnancy
(two cases), drug addiction (two cases) and attempted suicide (three
cases).

As for the psychopathological conditions diagnosed and disre-
garding patients with organic mental disorders or retardation, that
is, following cranial irradiation, the younger patients had reactive
depression (11 cases), while the older patients (6 cases in all) also
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had anorexia nervosa (2 cases) and obsessive-compulsive disorder
(2 cases). Psychological support was provided in the form of weekly,
long-term psychotherapy in only 3<15 years old (1%) and in 12 ol-
der patients (10%).

Discussion

An adequate management of AYA with cancer demands a me-
dical staff with specific skills, capable of recognizing and addressing
all their various needs [7,9,10]. The ability to cope with the complex
psychological world of the teenager is of fundamental importan-
ce, and it is increasingly recognized that conventional pediatric or
adult healthcare units are not entirely suitable for such patients: the
problem of where these patients should be treated, however, is still
unsolved in most cases [1-4]. Pediatric oncology units may be natu-
rally more appropriate, in clinical terms, for managing adolescents
with pediatric malignancies [11,12], but these patients also seem to
benefit from the multidisciplinary team typical of the pediatric on-
cology setting, where pediatric oncologiststeam up with surgeons
and radiotherapists, but also with psychologistsand social workers.

Judging from our experience, the psychological supportgene-
rally provided by pediatric oncology units is suitable for AYA too,
and may have an important added value for them. At our institution,
psychological support is based on two completely different models
in the pediatric and adult medical oncology settings. In the latter, the
psychologist is outside the department and can be called in to visit a
patient, give an opinion and recommend any clinical measures (con-
sultation on request) [13-15]. Conversely, the Pediatric Oncology
Unit has psychology specialists on the department’s multidiscipli-
nary stafl, routinely present at the clinic (with two specialists for a
unit serving 23 inpatients and 7 outpatients), based on the liaison
model, which is characterized by close daily cooperation between
the clinical psychologist and the other members of staff (oncologists,
nurses, teachers, social workers), giving the specialist a chance to
establish a genuine relationship with patients [13-15].
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Our findings also show how important different members staft-
can be in pinpointing patients for psychological support, taking the
essential first step towards recognizing and treating a problem: the
referral process has technical (diagnostic), relational and organiza-
tional aspects (different procedures), as well as the emotional ele-
ment. We found different referral patterns for different professional
figures, for example, patients having difficulty in adapting to their
disease and accepting the treatment were referred mainly by doctors;
problems of poor compliance with therapies were mainly reported
by nurses; cases with social and family difficulties were reported by
social workers. Our main concern, however, was to identify differen-
ces relating to the patients’ age, distinguishing children and young
adolescents from older teenagers and young adults.

First of all, we found a similar percentage of patients in the two
groups in need of psychological consultation, which came as some-
thing of a surprise, given the previously mentioned particular emo-
tional aspects of adolescence. The marked difference between the two
age groups lay, instead, in the number of interviews conducted per
patient and the proportion of patients requiring longterm psycho-
therapy, which were clearly higher for older patients. For the youn-
ger patients, the specialist often needed to assess their psychological
problem and the quality of their adaptation with a view to helping
parents cope with the changes in their children’s behavior. The spe-
cialist was often able to address the patient’s needs with relatively
few interviews. For the AYA, the specialists main goal was to help
the patients themselves to cope with their emotional and behavioral
difficulties, and this was more likely to take prolonged consultation
and a closer relationship between specialist and patient. In short, the
older patients were not referred to the psychologist more often than
the younger ones, but their problems were more complicated and
difficult to deal with.

Another difference that emerged was that all members of staff
referred younger patients for consultation, while most of the older
patients were referred by doctors or the patients themselves asked
for support. This is difficult to explain, but may be related to the

173

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

complexity of the emotional life of adolescents: on the one hand,
they need a person to rely on, while on the other hand they may find
relations with authority more difficult (in fact, a small percentage of
the older patients were referred due to relational problems with the
hospital team) [7,16].

AYA may experience particular psychological or psychopatholo-
gical situations and the specialist working in a pediatric unit should
be trained to recognize and address them: our series included pa-
tients revealing major adaptation difficulties after completing their
treatment, patients who attempted suicide or became addicted to
drugs, and patients with anorexia nervosa and obsessivecompulsive
disorder [7,9,16,17].

These last considerations confirm the particular nature of the
psychological problems of AYA. A clinical psychologist used to wor-
king with children may have some difficulties in attending to these
particular needs, and the optimal solution is to train specialists spe-
cifically for this purpose. AYA deserve dedicated healthcare provi-
ders, specialized clinics and inpatient units, and dedicated research
strategies [1-4]. Unfortunately, these needs are not often being satis-
fied. Our experience suggests that these patients benefit from being
treated at a pediatric oncology unit rather than in an adult setting,
and that future older adolescent and young adult oncology depart-
ments should adopt the model used at our and other pediatric on-
cology departments, fully integrating the psychological specialists
among the other staff members.
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We report on two very similar cases of vaginal embryonal RMS,
botryoid variant that relapsed 9 and 10 years after initial diagnosis, a
few months after the menarche in both cases. A possible causal as-
sociation with estrogen hormones is hypothesized, particularly for the
second case described, in which estrogen receptors were negative in
the primary tumor specimen and positive in the relapsing tumor speci-
men. Pediatr Blood Cancer 2008; 51:140—141.
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Introduction

More than 70% of patients with localized rhabdomyosarcoma
(RMS) are currently expected to be relapse-free 5 years after their ini-
tial diagnosis [1]. Most treatment failures occur in the first 3-5 years
after the diagnosis of the primary, while later recurrences are uncom-
mon [2-4]. This article reports on two very similar cases of embryonal
RMS, botryoid variant, of the vagina in two childrenaged 24 and 10
months and relapsing 9 and 10 years, respectively,after the initial diag-
nosis. The relapse occurred a few months after the menarche in both
cases, suggesting a possible relationship with sex hormone status.

Case Report 1

A 24-month-old child was diagnosed with multifocal botryoid
embryonal RMS of the vagina in November 1987. She was given
chemotherapy (vincristine, adriamycin, cyclophosphamide and ac-
tinomycin-D) for 24 months, achieving a complete remission. No
treatment for local control (surgery or radiotherapy) was admi-
nistered. She had her menarche in June 1996 (at 11 years of age).
Nine months later (112 months after the initial diagnosis), she pre-
sented to our Institute with transvaginal bleeding and evidence of a
polypoid exophytic tumor on the vaginal introit. Further radiologi-
cal investigation revealed a huge pelvic mass (9 cm x 7 cm in size). A
biopsy was taken of the polypoid lesion and the histological diagno-
sis confirmed that it was a botryoid embryonal RMS. Immunocyto-
chemical assessment of the estrogen and progesterone receptors was
negative in the relapsed tumor cells.

The patient received second-line multi-drug chemotherapy (cis-
platin/carboplatin, ifosfamide, etoposide, vincristine) with only mi-
nimal tumor shrinkage, followed by partial tumor resection and then
radiotherapy (60 Gy). The tumor progressed locoregionally 10 mon-
ths after the relapse had been identified, followed by hepatic, lung and
brain metastases a month later. The patient died in May 1998.
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Case Report 2

A 10-month-old child was diagnosed with botryoid embryo-
nal RMS in June 1994 after transvaginal biopsy of a bleeding vaginal
polypoid lesion 3 cm x 2 cmin size. Chemotherapy with ifosfamide, vin-
cristine, adriamycin, and actinomycin-D was administered for 12 mon-
ths and the tumor disappeared completely. Two months after stopping
the treatment, multifocal vaginal nodules were identified during a vagi-
noscopy and another biopsy confirmed the recurrence. The patient was
given second-line therapy with carboplatin, etoposide, vincristine and
epirubicin, followed by brachytherapy (60 Gy), obtaining a second com-
plete remission. In October 2005 the patient had her menarche (at 12
years of age). In November 2006, a vaginal polypoid lesion was detected.
Multiple biopsies taken during a vaginoscopy led to the diagnosis of a
multifocal vaginal relapsing RMS. Immunocytochemical assessment of
the estrogen and progesterone receptors disclosed reactivity for proges-
terone receptors in both the initial and the relapsing tumor specimens,
while estrogen receptors were negative in the primary tumor and positi-
ve in the tumor relapsing after the menarche.

Re-staging investigations ruled out metastatic lesions, so five cour-
ses of chemotherapy with cyclophosphamide, actinomycin-D and
vincristine were administered, then the patient underwent surgery
consisting of vaginectomy and hysterectomy. Multiple tumor foci were
found in the vaginal wall. A biopsy of a tiny lesion in the perineum,
close to the urethra, also showed tumor cells outside the vagina, so
external beam irradiation up to 50 Gy was given to the perineum and
pelvis. Maintenance chemotherapy with vinorelbine was then admi-
nistered. The patient was still on maintenance treatment at the time of
this report, with no macroscopic evidence of disease.

Discussion

Botryoid embryonal RMS of the vagina usually has a favorable
prognosis (with a 10-year survival rate of 90%) [5]. This article des-
cribes two very similar cases of recurrent botryoid embryonal RMS of
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the vagina sharing two particular features of potential interest, that is
a very long interval before the recurrence, and a close association with
the menarche, suggesting a close relationship with sex hormones.

Late relapses are known to occur in RMS, but they are by no means
common. The Intergroup Rhabdomyosarcoma Study (IRS) group re-
ported a median time to treatment failure of 1.1 years, ranging from
1 week to 9 years, in the IRS-III, IV-pilot and IV protocols, with 95%
of all recurrences occurring within 3 years of the first diagnosis [2].
The same group also analyzed events occurring in the 1,160 patients
treated between 1984 and 1997, who were event-free 5 years after their
RMS was diagnosed, and they estimated a 5-year and 10-year recu-
rrence rate of 2.4% and 2.7%, respectively (22 late relapses) [3].

The Italian cooperative group reported a median time to recu-
rrence of 17.8 months (range 1.7 months-12 years), and 95% of the
relapses within 5 years of the initial diagnosis [4]. In our single-ins-
titutional experience of 475 RMS patients treated over a 30-year pe-
riod, we recorded 232 relapses, occurring 1-144 months after the
first diagnosis (median time to recurrence: 11 months), but—apart
from the two patients described here—we had only one other relapse
occurring more than 5 years after the initial diagnosis.

The two cases described here are peculiar not only for the verylong
time elapsing before their recurrence, but also because they shared the
same particular clinical characteristics as concerns the histotype, the
tumor site of origin and the possible association with sexual hormone
status: both recurrences occurred a fewmonths after the girls’ menar-
che. This prompted us to explore hormone receptor expression by the
tumor cells: while the immunocytochemical analysis of estrogen and
progesterone receptors was negative in the first case, the second was
positive for progesterone receptors in both initial and relapsing tumor
specimens, with estrogen receptors testing negative in the primary tu-
mor specimen and positive in the relapsing tumor specimen.

It is naturally hard to say whether the rise in estrogen level coin-
ciding with puberty—combined with the presence of receptors on
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the relapsing tumor—could have played a part in the tumor’s recu-
rrence. The peculiar features of these cases, and of the second one
in particular, might point to a relationship between hormone sta-
tus and tumor progression. As we know, the pathogenesis of RMS is
still not clear and there are no well-established risk factors for this
disease: genetic predisposition (i.e., Li-Fraumeni syndrome, neuro-
fibromatosis type 1), ionizing radiation, chemical carcinogens and
oncogenic viruses have rarely been associated with the onset of RMS
[5-8]. A possible association between the progression of RMS and
estrogen/progesterone stimulation has already been suggested in a
case that has some features similar to our two cases: a young woman
previously treated for parameningealRMSrelapsed 25 years later, 3
months after starting hormone replacement therapy with estrogen
and progesterone; here again, the primary specimen was steroid re-
ceptor negative, while the recurrent tumor was positive [9].

In conclusion, our report describes two similar cases of botryoid
embryonal RMS of the vagina relapsing several years after the first diag-
nosis and a few months after the patients’ menarche. A causal associa-
tion between these recurrences and estrogen hormones may be hypo-
thesized. Reports of other similar cases are needed, of course, to confirm
such a relationship, but our findings might suggest that a clinical and
radiological follow-up longer than is usually recommended for other
RMS cases might be indicated for patients with RMS of the vagina.
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Context.—Several countries of the Central America and Caribbean
region have been sharing regional neuroblastoma (NB) treatment guide-
lines. However, there is no standardization in the diagnosis, subclassifi-
cation, or tumor biology to aid in the risk stratification of these patients.

Objective.—To examine the histology and assess the accuracy
of the local pathology reports; to evaluate the usefulness of manual
MYCN immunohistochemistry (IHC); and to use NB as a model to
identify the needs to establish a central pathology review (CPR) pro-
gram in this region.

Design.—A retrospective CPR of specimens derived from pa-
tients with a diagnosis of NB and treated under the regional NB guide-
lines between 2012 and 2017 was conducted, allowing for a compari-
son between local diagnoses and the CPR diagnoses. Manual MYCN
IHC was performed in the confirmed NB specimens and the results
compared with known fluorescence in situ hybridization or automated
IHC results, when available.

Results.—The 156 specimens reviewed included 460 blocks and
183 original slides. Neuroblastoma was confirmed in 138 samples
(88.5%), but low concordance rates for Shimada classification (n =
39; 25.0%), mitotickaryorrhectic index (n = 4; 2.5%), and International
Neuroblastoma Pathology Classification (n = 18; 11.5%) were noted.
Manual MYCN IHC performed on 120 specimens showed conclusive
results in 89.2% (28 positive, 23.4%; 79 negative, 65.8%) and ques-
tionable results in 10.8% (n = 13).

Conclusions.—This retrospective CPR highlights the need for a
CPR program to serve this region, to ensure correct diagnosis and
subclassification of NB, and to provide manual MYCN IHC—uwith
reflexing to fluorescence in situ hybridization, if questionable. This
approach can further regional collaboration, enhance test utilization,
and ultimately improve patients’ outcomes.

(Arch Pathol Lab Med. 2021;145:214-221. Doi: 10.5858/ar-
pa.2019-0570-0A).
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Established in 1998, the Asociacién de Hemato-Oncologia Pe-
diatrica de Centro América (AHOPCA) is a consortium of pedia-
tric oncology centers from Central American and Caribbean region
countries, including Nicaragua, Guatemala, El Salvador, Hondu-
ras, Costa Rica, Panama, Haiti, and the Dominican Republic. The
AHOPCA group has developed shared clinical guidelines and adop-
ted cooperative regional pediatric oncology treatment protocols to
advance the care provided and improve the survival of children with
cancer from these countries. Although the overall outcome of chil-
dren with cancer from the AHOPCA region has improved over time
because of advances in local clinical capacity, improvements in su-
pportive care, and the use of adapted multicenter regional standardi-
zed clinical guidelines,1-4 there is still no uniform dependability in
the pathologic diagnosis in this region. Some centers have excellent
pathology diagnostic capability, whereas others still struggle with
many constraints. Moreover, adequate histologic subclassification of
specific tumor types, such as neuroblastoma (NB), that can impact
risk stratification and ultimately affect treatment and outcomes is
not always provided.

When clinicians or pathologists from the AHOPCA region are
confronted with challenging cases, they traditionally seek out expert
second opinion outside the AHOPCA region.5 However, in the last
few years we have been working to uniformly improve the quality of
the local pathology service provided in this limited-resource area.6
We have encouraged collaboration among the AHOPCA patholo-
gy laboratories to optimize resource use and to eventually become a
self-sufficient pathology regional network that can deliver adequate
diagnostic support to the clinical services in the AHOPCA coun-
tries.

For many years centralized pathology review by expert patho-
logists has been successfully used as a strategy for quality assurance
and to improve diagnostic accuracy. Therefore, we sought to perform
a centralized retrospective pathology review of a cohort of patients
with a diagnosis of NB and treated under a regional NB guideline
(AHOPCANB2012) with the main objectives of: (1) examining the
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histologic characteristics of specimens derived from this cohort of
patients and assessing how accurate the information provided in the
original pathology report was; (2) evaluating the usefulness of per-
forming MYCN immunohistochemistry (IHC) manually in a region
with limited resources; (3) using NB as a model to identify the needs
for the implementation of an independent and successful central pa-
thology review (CPR) program to serve the AHOPCA region. Such
a CPR program can ensure the correct pathology diagnosis, provi-
de more accurate information for treatment guideline data analysis,
and in some instances may influence the treatment selection (if per-
formed prospectively as rapid central review), with the potential to
impact patients’ outcomes.

The risk assignment and treatment selection of patients with NB
are significantly affected by proper morphologic classification (Mo-
dified Shimada Classification and the International Neuroblastoma
Pathology Classification [INPC]),7,8 and by the determination of
some biologic features, such as MYCN status.9 Thus, in addition to
verifying the original diagnosis and its proper morphologic classifi-
cation and subclassification, we sought to investigate the feasibility
for a CPR center in the AHOPCA region to perform any additional
assays that are necessary for the adequate risk stratification of these
patients with NB, such as verification of MYCN status.

Here, we describe a retrospective CPR of samples collected from
patients diagnosed as having NB and treated according to a mul-
ticenter regional treatment guideline in countries with limited re-
sources. A subset of these patients had an external second opinion
at the time of the initial diagnosis with known MYCN status. The
discrepancies and similarities in the histologic evaluation between
the original (local) diagnosis and CPR diagnosis will be emphasi-
zed. A feasibility analysis of using MYCN IHC performed by hand
(manual) at the CPR center as a surrogate for fluorescence in situ
hybridization (FISH) to investigate MYCN status in patients with
NB will also be discussed.
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Materials and methods
Cohort

After approval by the Institutional Review Board from all the
participating institutions, a retrospective search into the Pediatric
Oncology Network Database (POND; www.pond4kids.org; acces-
sed March 31, 2020)10 was done to identify all the pediatric patients
with a diagnosis of NB in any of the AHOPCA countries between
2012 and 2017 who were treated according to the AHOPCA-NB2012
guidelines. Necessary relevant clinical information, such as age at
diagnosis and patient sex, was obtained from the POND database
when not available in the original pathology report. We requested all
the contributing institutions to submit to the designated CPR center
via certified mail a copy of the original pathology report, original
hematoxylin-eosin (H&E)-stained slide(s), and at least 1 representa-
tive formalin-fixed, paraffinembedded tissue block from all available
specimen(s) of each patient with a diagnosis of NB. A further search
was performed in our pathology consultation database to investigate
if any of these cases had also been submitted to our institution for a
second opinion.

The CPR Center and the Review Process

The Department of Pathology of the Hospital Nacional de Ni-
fos Benjamin Bloom (HNNBB) in San Salvador, El Salvador, was
chosen to be the CPR center for this retrospective review. This is a
well-equipped institutional anatomic pathology laboratory that has
consistently demonstrated an overall excellent technical quality and
has manual THC assay available.6 The cases submitted for central
review were first assessed by the HNNBB pathologist (A.P.), who
selected the best provided block to be used for any additional IHC
(including MYCN immunostain). At least 1 block per case was recut
and stained with H&E at HNNBB. If needed, other IHC stains were
performed to confirm or to rule out the diagnosis of NB. The final
CPR was conducted during 7 days by 2 pathologists (a senior general
pathologist from HNNBB with more than 20 years of experience and
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a board-certified pediatric pathologist with expertise in pediatric
oncology), jointly using a multihead microscope, who were blinded
to the original diagnosis or any previous second opinion diagnosis,
if available. When the original H&E-stained slides were submitted
for review, an overall quality evaluation considering fixation, pro-
cessing, quality of the tissue section, and quality of the staining was
appraised, and the specimens were scored as being of excellent, ac-
ceptable, poor, or inadequate quality. In all confirmed NB cases, the
Mitotic-Karyorrhectic Index (MKI) and the INPC were assigned,
if applicable, and then MYCN immunostaining was performed. If
more than 1 specimen was submitted from the same patient (eg, ini-
tial biopsy and posttherapy sample), at least 1 sample per patient was
stained with MYCN IHC—always giving preference to the specimen
that had more representative lesional tissue available.

MYCN Immunohistochemistry

Currently, the IHC menu at HHNBB includes 66 antibodies.
MYCN antibody was not available at HNNBB before this CPR. A
rigorous validation and optimization process using a mouse mono-
clonal MYCN antibody (clone NCM II 100, Abcam ab16898) was
performed to determine a final optimal dilution of 1:200. A tissue
microarray obtained from a cohort of NB cases with known MYCN
status by FISH and protein expression level by automated IHC (10
positive cases and 10 negative cases) were used for validation.11 All
the steps of the manual MYCN staining performed in this study
were done following the manual IHC protocol currently in use at
HNNBB, as previously described.6 Nuclear positivity was interpre-
ted as evidence of MYCN protein expression; conversely, the absence
of nuclear staining was scored as negative. For any case in which the
positivity or lack thereof was not convincing, the specimen was cate-
gorized as having a questionable MYCN IHC result.

Data Collection and Analysis

The collected data for this study included information obtained
from the original pathology reports and the information captured
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during the CPR. A comparison between the initial local diagnosis,
MKI, and INPC specified in the provided pathology report, and fi-
nal CPR diagnosis, MKI, and INPC, was done. If the MKI or INPC
was not included in the original pathology report, it was recorded as
information not provided.

The results of the MYCN IHC performed during the CPR in the
confirmed NB cases were noted as positive, negative, questionable,
or not performed. A subset of the samples had previously been sub-
mitted for a second opinion and had known MYCN gene status by
FISH and/or MYCN protein expression level determined by auto-
mated IHC, which allowed a comparison between automated versus
manual MYCN THC results performed at HNNBB.

Table 1. Material Submitted for Central Pathology Review of Neu-
roblastoma by Location

City/Country Total No. (%) of Total No. (%) of Total No. (%) Total No. (%)
Cases in the Patients Not of Patients Enrolled of
AHOPCA NB2012 Reviewed Reviewed Specimens
between 2012 Reviewed
and 2017
Guatemala City/ | 35 of 189 (18.5) 7 of 35 (20.0) 28 0f 35 (80.0) | 35 of 156 (22.4)
Guatemala
Managua/ 38 of 189 (20.1) 6 of 38 (15.8) 320f38(84.2) | 36 of 156 (23.1)
Nicaragua
Panama City/ 12 0f 189 (6.4) 3 0f 12 (25.0) 9 of 12 (75.0) 10 of 156 (6.4)
Panama
San Pedro Sula/ | 22 0f 189 (11.7) 15 of 22 (68.2) 7 of 22 (31.8) 7 of 156 (4.5)
Honduras
San Salvador/ 39 of 189 (20.6) 9 of 39 (23.1) 30 0f 39 (76.9) | 44 of 156 (28.2)
El Salvador
Santo Domingo/ | 29 of 189 (15.3) 16 of 29 (55.2) 13 0f 29 (44.8) | 17 of 156 (10.9)
Dominican
Republic
Tegucigalpa/ 14 0f 189 (7.4) 8 of 14 (57.1) 6 of 14 (42.9) 7 of 156 (4.5)
Honduras
Total 189 of 189 (100.0) 64 0f 189 (33.9) 1250f189(66.1) | 156 of 156 (100.0)
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Results
Material Submitted for CPR

We received and reviewed specimens from 125 of 189 patients
treated according to the AHOPCA NB2012 guidelines between
2012 and 2017, which represents specimens from 66.1% of the en-
tire cohort. The reasons for the exclusion of 64 cases (33.9%) were:
insufficient material available for review, including missing both the
block(s) and original pathology report (41 of 64; 64.1%); only the
paraffin block(s) was unavailable (13 of 64; 20.3%); the original pa-
thology report was unobtainable (1 of 64; 1.5%); or other nonspeci-
fied reasons (9 of 64; 14.1%; Table 1). A total of 156 specimens from
125 patients were analyzed. We reviewed a single sample from 97
patients, 2 samples from 25 patients, and 3 distinct specimens from
3 patients. The materials were submitted from 7 pediatric oncology
centers from the AHOPCA region and included 460 paraffin blocks
and 183 original H&E-stained slides. The average number of blocks
and slides per specimen were 2.9 blocks (range, 0-21) and 1.1 slides
(range, 0-16). Most of the specimens examined were from El Salva-
dor (44 of 156; 28.2%), Nicaragua (36 of 156; 23.1%), and Guatemala
(35 of 1565 22.4%). The specific number of specimens, the number
of submitted blocks, and slides for the CPR per participating centers
are outlined in Table 2.

Clinical Characteristics and Quality of the Submitted Material

The specimens (n %4=156) submitted for review were obtained
from 125 patients: 53 female patients (42.4%) and 72 male patients
(57.6%). The mean age at diagnosis was 39.8 months (ranging from
1 month to 15.5 years), with 39 patients younger than 18 months
(31.2%), 60 patients with age 18 months to less than 5 years (48.0%),
and 26 patients older than 5 years (20.8%) at the time of diagnosis.

The types of procedures performed to obtain the samples were
specified in 69.2% of the submitted pathology reports (108 of 156)
and included 48 resection specimens (30.8%), 47 incisional biopsies

192

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

(30.1%), and 13 core needle biopsies (8.3%). In 48 of 156 samples,
the type of procedure was not stated (30.8%). Information indicating
that the patient had received preoperative chemotherapy was speci-
fied in 17.3% of the submitted pathology reports (27 of 156).

Similarities and Divergences in the Diagnosis and
Classification of NB

After light microscopic examination, a final CPR diagnosis was
provided for 91.1% of the submitted material (142 of 156), and
the diagnosis of NB was confirmed in 138 specimens (138 of 156;
88.5%). The 14 specimens in which a final definitive diagnosis could
not be reached included: 3 specimens classified as malignant tumor
not otherwise specified (3 of 156; 1.9%); 9 samples in which tumor
was not seen (9 of 156; 5.8%); 1 where the material was conside-
red inadequate for morphologic evaluation (1 of 156; 0.6%); and an
additional case in which wrong blocks and slides (with a different
accession number from the submitted pathology report) were provi-
ded for the CPR (1 of 156; 0.6%).

Slightly more than half of the cases were classified at the CPR as
NB, Schwannian stroma poor, and poorly differentiated (74 of 142;
52.1%), and the second most common diagnosis was posttherapy
NB (25 of 142; 17.6%). Fourteen specimens had a final diagnosis
of NB, Schwannian stroma poor, undifferentiated at the CPR (14
of 142; 9.9%)—in all of them, the diagnosis was confirmed with
IHC (including positivity for synaptophysin). Other CPR diagno-
ses included 5 NB, Schwannian stroma poor, differentiating (5 of
142;3.5%), 13 ganglioneuroblastoma intermixed (13 of 142;9.2%),
1 ganglioneuroblastoma nodular (1 of 142; 0.7%), and 6 cases of
NB not otherwise specified (6 of 142; 4.2%). The 4 cases in which
the diagnosis of NB was not confirmed (4 of 142; 2.8%) included
1 adrenal cortical neoplasm (positive for inhibin, Melan-A, and
cytokeratin, but negative for synaptophysin and chromogranin),
1 pelvic immature teratoma, 1 B-cell lymphoblastic lymphoma
(CD45+, CD20+, and TdTp, but negative for CD3 and synaptophy-
sin), and a case of myeloid sarcoma involving the frontal region
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(CD45+, CD43+, MPO+, and CD117+, but negative for CDla,
cytokeratin, desmin, and synaptophysin).

The correlation between the original (local) diagnosis specified
in the provided pathology report and the CPR is outlined in Figu-
re 1. Whereas the diagnosis of NB was confirmed in 88.5% of the
specimens, a complete agreement between original and final CPR
diagnosis with a proper modified Shimada subclassification was ob-
served in only 39 specimens (39 of 156; 25.0%). The similarities and
discrepancies between the MKI and the final INPC assigned at the
CPR, when applicable, and the MKI and INPC specified in the ori-
ginal diagnosis were also assessed and showed a much lower agree-
ment rate, with 2.5% for MKI (4 of 156) and 11.5% for the INPC (18
of 156; Figure 2).

The 183 original H&E-stained slides received for review were
obtained from 80 specimens. The slides were graded as excellent in
10.0% of the specimens (8 of 80), acceptable in 58.8% (47 of 80),
poor in 26.2% (21 of 80), and inadequate in 5.0% (4 of 80). The
microscopic evaluation at the CPR of the remaining 76 specimens
(48.7%) was exclusively based on slides cut and stained at HNNBB
(no original slides were provided for review).

Table 2. Specific Number and Percent of Specimens, Blocks, and Slides
Submitted for the Central Pathology Review perParticipating Centers

City/Country No. (%) of No. (%) of Average No. (%) of Average
Specimens Blocks No of Original No of H&E
Submitted Submitted Blocks H&E Slides Slides
for Review for Review (Range) Submitted for (Range)

Review No. (%)

Guatemala 35 0f 156 48 of 460 1.3 (0-6) | 48 0f 183 (26.2) 1.3 (0-6)

City/ (22.4) (10.4)

Guatemala

Managua/ 36 of 156 173 of 460 4.8(1-21) | 00f183(0.0) 0.0 (0-0)

Nicaragua (23.1) (37.6)

Panama City/ 10 of 156 (6.4) | 350f460 (7.6) | 3.5(1-21) | 42 of 183 (23.0) 4.2 (2-8)

Panama

San Pedro 7 of 156 (4.5) 15 0f 460 (3.3) | 2.1(1-8) | 00f183(0.0) 0.0 (0-0)

Sula/Honduras
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San Salvador/ 44 of 156 140 of 460 3.1 (1-6) 53 of 183 (29.0) 1.2 (0-16)
El Salvador (28.2) (30.5)

Santo 17 of 156 30 0f460 (6.5) | 1.7 (0-10) | 27 of 183 (14.8) | 1.5 (0-4)
Domingo/ (10.9)

Dominican

Republic

Tegucigalpa/ 7 of 156 (4.5) 19 of 460 (4.1) | 2.7 (1-5) 13 0of 183 (7.0) 1.8 (0-7)
Honduras

Total 156 of 156 460 of 460 2.9 (0-21) | 1830f183(100.0) 1.1 (0-16)
(100.0) (100.0)

Abbreviation: H&E, hematoxylin-eosin staining.

Figure 1. Multinational retrospective central pathology review of
neuroblastoma. Correla- tion between original diagnosis and central
pathology review diagnosis. Green area, agreement between original
diagnosis and central review diagnosis (n 39 of 156; 25%). *Wrong
material submitted for review. +Original diagnoses of “not neuro-
blastoma™: Ewing sarcoma, clear cell sarcoma of kidney, primitive
neuroectodermal tumor, adrenal cortical tumor, immature teratoma,
ganglio- blastoma, and Wilms tumor; #Central review diagnoses of
“not neuroblastoma”: adrenal cortical tumor, immature teratoma,
B-cell lymphoblastic lymphoma, and myeloid sarcoma. Abbrevia-
tions: GNB, ganglioneuroblasto- ma; NB, neuroblastoma; NOS, not
otherwise specified; SSB, Schwannian stroma poor.
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Figure 2. A, Multinational retrospective central pathology review of
neuroblastoma. Correlation between original and central patholo-
gy review Mitotic-Karyorrhectic Index (MKI): high MKI, >200 per
5000 cells; >4%; intermediate MKI, 100-200 per 5000 cells; 2%-4%;
low MKI,<100 per 5000 cells;<2%. Green area, agreement between
original MKI and central review MKI (n% 4 of 156; 2.56%). *Re-
asons why original pathologist could not determine MKI: because
the “neoplasia is very undifferentiated.” **Reasons why the central
review could not determine MKI: not sufficient material, crushing
artifacts, bone marrow sample. +Reasons why MKI was not applica-
ble by central review: ganglioneuroblastoma, bone marrow samples,
postchemotherapy samples, not NB. +Original diagnosis others: mi-
totic index specified in a different manner other than the traditional
MKI, such as “10/10 mitoses per HPF, MKI >100, MKI 2/10 HPFE,
MKI 3/10 HPE” among others. B, Correlation between the original
and central pathology review INPC. Green area indicates agreement
between original INPC and central review INPC (n % 18 of 156;
11.54%). *Reasons why central review could not determine INPC:
because of insufficient material, MKI could not be assessed, or su-
boptimal sample. +Reasons why INPC was considered not applicable
by central review: because of secondary to chemotherapy, not NB, no
tumor seen, secondary or tertiary NB sample. Abbreviations: HPFE,
high-power field; INPC, International Neuroblastoma Pathology
Classification; NB, neuroblastoma.
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Figure 3. MYCN immunohistochemistry (IHC) staining. A, Results
of the manual MYCN IHC performed at the central pathology re-
view (CPR). B, Correlation between manual MYCN IHC, automated
MYCN IHC, and fluorescence in situ hybridization targeting the
MYCN gene among 32 neuroblastoma samples. Abbreviations; FISH,
fluorescence in situ hybridization; NB, neuroblastoma; NOS, not
otherwise specified.

. From 28 NB cases:
Each stained x1

s MYCN IHC : From 71 NB cases:
med at CP| 79 negative results ) 61 cases stained x1
_ 9 cases stained x2

From 10 NB cases:
10 cases stained x1
3 second sample of NB x1

13 questionable results

2 third samples of NB
36 samples MYCN IHC was not
performed at CPR

9samples with notumorseen  From 9 cases

From 7 cases:
8 samples from not NB cases 1 metastatic tumor, NOS
1 necrotic tumor, NOS
3 cases of NOT NB with a single sample each

A 1 case of NOT NB with two samples
1 wrong material submitted for review

MYCN Protein Expression by Manual IHC and Its Correlation
With Automated IHC and FISH

Manual MYCN IHC stain was performed at HNNBB in 120 NB
specimens from 109 patients (Figure 3, A). Positive nuclear MYCN
protein expression was observed in 28 specimens (from 28 patients
of 109; 25.7%), and no evidence of MYCN staining was noted in 79
specimens (from 71 patients of 109; 65.1%). In 13 specimens from 10
cases (10 0of 109; 9.2%), the MYCN staining was read as questionable.
A total of 11 of 13 questionable manual MYCN IHC results were
later repeated with an automated staining procedure, and the results

197

Revista La Universidad - N.° 3y 4, julio - diciembre de 2022



Revista La Universidad

were compared. A total of 9 samples were rescored as negative (9 of
13;69.2%), and 2 cases showed focal but unequivocal positivity (2 of
13; 15.4%). In the remaining 2 questionable cases (2 of 13; 15.4%), a
repeated automated MYCN staining could not be performed becau-
se no more tissue was available in the blocks.

Specimens from a subset of this cohort (from 32 patients) had
been previously submitted for pathology second opinion. The
MYCN gene status by FISH was available from 26 patients, and auto-
mated MYCN IHC stain results were available for comparison from
31 of 32 cases. A parallel evaluation of the results from the 3 dis-
tinct assays is presented in Figure 3, B. For instance, all 7 cases that
had MYCN gene amplification previously detected by FISH showed
positive MYCN protein expression by both manual and automated
IHC. Conversely, an additional 8 cases displayed concordant results
with negative FISH, and negative manual and automated IHC. Five
cases in which FISH study was not initially performed during the
previous pathology second opinion consult showed similar results
between the automated and manual IHC. Six cases had questionable
manual MYCN IHC results, but when performed using an IHC au-
tomated stainer, there was no evidence of MYCN protein expression
(negative). Examples of positive, negative, and questionable MYCN
by IHC in NB cases during the CPR are presented in Figure 4.

Figure 4. Examples of MYCN immunohistochemistry performed in
neuroblastomas during the central pathology review. Positive MYCN
result (manual staining procedure) with distinct diffuse and strong
nuclear positivity (A); negative MYCN result (manual staining pro-
cedure) with mild background staining (1 ) (B); Questionable MYCN
result (manual staining procedure) with mild background staining (1
) and equivocal weak nuclear positivity (C); same case as shown in C,
MYCN staining performed with an automated stainer interpreted as
negative, 200X (D) (original magnification 3200)
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Significant Challenges Faced During the Central Review
Process

Even though a border control agreement between El Salvador,
Guatemala, Honduras, and Nicaragua (Central America-4) has been
in effect since 2006, we unfortunately still encountered a conside-
rable delay in clearing customs within the AHOPCA region. Other
challenges faced during this CPR were suboptimal packaging of the
submitted material, resulting in broken slides and melted paraffin
blocks, problems with the identification of some of the samples sub-
mitted, such as unclear labeling, and issues with the original patho-
logy report, including discordant date of birth and age for the pa-
tient. Delay with the delivery of reagents at the CPR center by the
vendors (eg, delivery of the MYCN antibody) occurred, which not
only impacted the projected timeline of this review but also empha-
sized the everyday challenges that some areas of the world (in par-
ticular countries with limited resources) need to endure in dealing
with setbacks in receiving reagents and necessary supplies.
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Discussion

The practice of performing a CPR for patients enrolled in a mul-
ticenter protocol or clinical trial is a well-established procedure and
usually includes standardization of the pathologic evaluation. This
approach proved to be very influential in the improvements of treat-
ment regimens, inparticular for the treatment of oncologic patients.
Some examples in the field of pediatric oncology of very impactful
CPR have been demonstrated by the Children’s Oncology Group and
the International Society of Pediatric Oncology.12-14 Teot et all5
from the Children’s Oncology Group examined the past and present
use of the CPR in pediatric oncology and emphasized its efficacy and
highlighted the applicability of a rapid (prospective) central review.
The authors also pointed out the effect that discrepancies between
the original diagnosis and the final CPR diagnosis could cause by
bringing up concerns regarding the appropriateness of the actions
taken before the retrospective pathology review. On the other hand,
the usefulness of a retrospective CPR as an assessment tool to investi-
gate the accuracy of the diagnosis and adequacy of the data provided
in the pathology report as a quality metric is seemingly convincing.

In the context of the AHOPCA region, a CPR appeared very be-
neficial and in line with our goal of uniform regional pathology de-
velopment. Hence, in this retrospective CPR of 156 specimens from
125 patients with a diagnosis of NB and treated under the same
NB2012-AHOPCA guidelines, the original diagnosis of NB was con-
firmed in 88.5% of the specimens (138 of 156). However, an agreement
between the original and revised histologic subclassification of the NB
was noted in only 25.0% of the specimens (39 of 156). The most com-
mon reasons for this discrepancy were the lack of morphologic subclas-
sification—33 specimens were initially signed out as NB but without
further specification or subclassification (not otherwise specified)—
when in fact they should have been classified as NB, Schwannian stro-
ma poor, poorly differentiated (33 of 156, 21.2%). Another important
reason for the discrepancy was the inappropriate subclassification of
postchemotherapy NB specimens (21 specimens) when the postthe-
rapy status precludes a histologic subclassification (21 of 156; 13.5%).
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The age-associated histologic classification of NB combines the
amount of Schwannian stroma content, degree of neuroblastic diffe-
rentiation, and MKI, and in the end leads to the subcategorization
in a favorable or unfavorable histopathology subgroup. It is apparent
in this CPR that this subclassification is not consistently applied by
the AHOPCA pathologists, even though it was implemented about
20 years ago.7 In fact, an agreement between the assigned MKI was
observed in only 4 of 156 specimens (2.5%), and the initially given
INPC and final CPR INPC were similar in only 18 specimens (18 of
156; 11.5%). In 127 specimens INPC was not specified in the origi-
nal pathology report, but after CPR, 48 patients were categorized as
having unfavorable histology and 28 patients classified with favora-
ble histopathology. The other 51 cases remained without an assigned
INPC. Indeed, it was not applicable in 42 samples, and it could not
be determined in 9 specimens. The INPC category in NB is used to
help determine the risk grouping of these patients and guide treat-
ment selection. Therefore, not only is the exact diagnosis important,
but providing adequate histologic subclassification and the INPC are
also essential for the correct treatment of a patient with NB.

The second objective of this study was to implement manual
MYCN IHC at HNNBB and evaluate its reliability compared with
automated IHC and/or FISH assay to determine the MYCN status of
patients with NB. The benchmark method to determine the MYCN
status in patients with NB is FISH. We have previously demonstrated
that automated IHC has a 91.66% sensitivity and 96.29% specifici-
ty compared with MYCN FISH in a pilot study of 78 patients.11 In
this present study, manual MYCN IHC was performed in 120 spe-
cimens, with a definitive result in 89.2% (107 specimens), including
28 that showed bona fide evidence of MYCN protein expression (28
of 120; 23.3%) and 79 specimens (65.8%) with negative MYCN IHC.
However, unlike when using the automated IHC stainer, there was
a subset of the cases (10.8%) in which the interpretation of the IHC
slide was equivocal—likely due to the background staining, which
led to a questionable result (13 of 120 specimens). When repeated
with an automated staining procedure, 11 of 13 questionable manual
MYC IHC results showed negative IHC in 9 of them (9 of 13; 62%),
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and 2 cases showed focal positivity (15.4%, 2 of 13). It is always our
recommendation to reflex any questionable IHC result (manual or
automated) to FISH testing.

Only a small number of cases in this cohort had FISH and/or au-
tomated IHC results previously done and available for comparison.
However, the correlation between the 3 assays was very promising.
For instance, all of the cases with the MYCN gene amplified by FISH
exhibited evidence of protein expression by both automated and ma-
nual IHC. A single specimen classified as unfavorable histology that
was previously reviewed and had MYCN gene not amplified, and
negative automated IHC was interpreted as positive for protein ex-
pression by manual IHC. Another previously reviewed case, a post-
therapy neuroblastoma specimen, showed questionable manual IHC
results, but when stained by automated stainer, it was interpreted as
positive for MYCN protein overexpression (FISH study was not pre-
viously performed in this case; Figure 3, B). The relatively low per-
centage of questionable results (10.8%) is very encouraging and can
drastically decrease the number of cases that would require reflex to
FISH and consequently would reduce the expenses in settings with
limited resources. Moreover, centralizing the implementation of an
MYCN IHC assay in a single center that could attend to the entire
AHOPCA region seems to be not only an excellent cost-saving stra-
tegy but also important for capacity building and empowerment for
this limited-resource region. In many low-income countries, such
as those in the AHOPCA region, most of the pathologists are ge-
neralists and lack subspecialty training. The retrospective pathology
review process itself provides an excellent opportunity for capaci-
ty building and the creation of regional expertise. For instance, the
HNNBB had 39 patients with a diagnosis of NB between 2012 and
2017, which gives an average of 7.8 cases per year. During the 1 week
of centralized review, the pathologist from HNNBB (A.P.) was expo-
sed and able to jointly review 156 specimens, which would represent
the number of NBs this pathologist would typically examine from
HNNBB in 20 years. However, to ensure that a retrospective review
can be a valuable setting for training, a prospective phase of diagnos-
tic capability verification will need to take place.
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A retrospective pathology review process involving multiple
centers, in particular from different countries, is not exempt from its
challenges, in particular in areas with limited resources. The cost of
submitting samples by mail, as well as the time for clearing customs,
needs to be carefully considered. The use of digital pathology may
be a potential solution to minimize these issues,16,17 although the
upfront investment necessary to acquire slide scanners, for example,
would also need to be taken into consideration. A consistently hi-
gh-quality H&E slide is also required before we contemplate the use
of digital pathology. In that regard, unfortunately, 31.3% (25 of 80) of
the original H&E-stained slides submitted for review still demons-
trated poor or inadequate quality. Actions to consistently improve
fixation, processing, the quality of the sectioning, and the quality of
the staining in all anatomic pathology laboratories of the AHOPCA
region have been our primordial goal. However, this study shows
that we still have room for improvement. Another fundamental is-
sue revealed by this retrospective pathology review was the lack of
well-organized storage of pathology material in the AHOPCA labo-
ratories, leading to missing paraffin blocks or unavailable pathology
report(s).

Taken together, the results observed in this retrospective multi-
center review of NB specimens highlight the need for the implemen-
tation of a CPR program to serve underserved regions. A CPR center
would ensure that the correct pathology diagnosis is provided—in-
cluding all the necessary subclassification to guide the treatment se-
lection of patients with NB. Our next step is to initiate a prospective
rapid review of all the NB cases from the AHOPCA region and to
provide manual MYCN IHC to all confirmed NB cases, reflexing to
FISH assay any questionable result; however, the use of a strict quali-
ty assurance program to validate the performance of the regional pa-
thology referral center would be needed. This approach will further
promote regional collaboration, improve test utilization, and ultima-
tely impact the outcome of pediatric patients in this limited-resour-
ce region. A similar strategy of implementing a regional pathology
referral center can be considered by other areas of the world where
pathology expertise and resources are also limited.
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The cost of performing a pathology review at a regional CPR
center consists of consumables, reagents, personnel (eg, pathologists
and technologists), and shipment fees. Whereas the initial operation
of a CPR program can be achieved with the aid of external grants, the
involvement of local government bodies and other regional spon-
sors is fundamental to the maintenance of such initiative in the long
term. The main concept necessary to perpetuate this type of colla-
borative work is to make the key regional stakeholders comprehend
that the cash invested in having an accurate diagnosis and correctly
risk stratifying these patients will have the potential to impact pa-
tients’ outcomes and, ultimately, represent savings by not spending
money treating a patient based on a wrong diagnosis.
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With more than 40,000 CNS tumors diagnosed in children and
adolescents every year worldwide, CNS tumorsare a leading cause
of cancer morbidity and mortality in these patients.l The comple-
xity of elements needed to provide quality care is substantial, with
integration of comprehensive multidisciplinary care comprising ac-
curate pathologic and radiologic diagnosis, neurosurgery, radiation
therapy, chemotherapy, rehabilitation, and close monitoring for acu-
te complications and long-term effects. Unfortunately, most children
with CNS tumors are diagnosed in low- and middle-income coun-
tries (LMICs) where health systems are frequently not adequately
equipped to manage such complex cases.2 In addition, data on the
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incidence, survival, and burden of CNS tumors is currently scant at
best, even more so than for other childhood cancers.3

Although international collaborations to improve the outco-
mes of children with cancer through the implementation of capaci-
ty-building, research, and education is an effective and sustainable
strategy, such efforts have historically not prioritized CNS tumors.4
With increased global support, evidenced by the WHO Global Ini-
tiative for Childhood Cancer, special attention must now focus on
building capacity to care for children with CNS tumors.5

CNS malignancies comprise a widely varied collection of diag-
noses with markedly disparate outcomes, from low-grade tumors to
incurable neoplasms.6 Furthermore, advances in genomic medicine
have redefined their classification and have impacted treatment in
ways that one decade ago were not considered possible. Many CNS
tumor types, once thought of as single entities, compose multiple
subgroups with distinct clinical and molecular characteristics.7
However, despite the growing list of molecular aberrations identified
in pediatric CNS tumors, proven efficacious molecular based treat-
ments are still limited. Nonetheless, early adoption of these insights
could lead to accelerated progress around the world.

To help bridge the gap in outcomes for pediatric CNS tumors in
LMICs, St. Jude Children’s Research Hospital (St. Jude) launched the
first St. Jude Global Academy Neuro-Oncology Training Seminar,
which is a blended course in pediatric neuro-oncology with a focus
on LMIC needs. The course focuses on teams of specialists who care
for children with CNS tumors (oncologists, neurosurgeons, neu-
rologists, radiologists, pathologists, and radiation oncologists) and
seeks to provide knowledge and skills that are globally applicable in
the context of multidisciplinary care. After systematic creation of
the curriculum, course elements were defined by a needs assessment
survey that included an evaluation of team dynamics, treatment
capacity, and educational goals. The first component was a 9-week
online course, and the second was a workshop at the St. Jude cam-
pus with 20 participants from seven countries. The workshop, held
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in November 2019, sought to consolidate acquired knowledge and,
more importantly, to share experiences and start to generate ideas
for impactful interventions and collaboration.

During the course, barriers to quality care were discussed exten-
sively among participants from different specialties, geographic re-
gions, and health care contexts. Importantly, systematic evaluations
of treatment barriers for children with CNS tumors in LMICs are
limited.8,9 Salient barriers that were discussed included (1) an ab-
sence of coordinated multidisciplinary care; (2) an inability to subs-
pecialize or concentrate on neuro-oncologic diseases; (3) limited in-
frastructure, including neurosurgical, laboratory, radiotherapy, and
rehabilitation facilities; (4) delays in referrals between specialties; (5)
postsurgical morbidity; (6) insufficient hospital- and population-ba-
sed data; (7) treatment abandonment; and (8) an increasing discord
between recent molecular insights and the current clinical context
in LMICs. Understanding such barriers is a first step to reducing
them. Workshop participants also noted that past improvements in
care were based on (1) establishment of multidisciplinary teams and
regular team meetings; (2) the dedication of knowledgeable, passio-
nate individuals; (3) institutional, regional, and international colla-
borations; and (4) optimization of available resources.

To work toward the goal of providing high-quality care for chil-
dren with CNS tumors in LMICs, workshop participants formed the
Global Alliance for Pediatric Neuro-Oncology (GAP-NO). To our
knowledge, this is the first multinational, multidisciplinary group
focusing on pediatric CNS tumors in LMICs. Themission of GAP-
NO is to improve access to quality care and outcomes for children
with CNS tumors globally through multidisciplinary collaboration,
education, generation and adaptation of knowledge, and optimiza-
tion of resources. This alliance can be leveraged to increase advocacy
for children with CNS tumors across the world, thus increasing visi-
bility of this disease burden.

Because data and literature that report CNS tumor outcomes
from LMICs is largely lacking, this must also be a global priority.
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Recognizing the true burden of disease and current outcomes will
facilitate identifying the interventions needed to improve survival
and quality of life. In addition, understanding the heterogeneity of
resources available in different contexts will expedite the develop-
ment of tailored treatment protocols for differing health systems and
hospital infrastructures.

Narrowing the survival gap in LMICs poses an enormous cha-
llenge, but partnerships among institutions with the similar challen-
ges can be leveraged to define successful interventions. Internatio-
nal and interdisciplinary collaborations and initiatives are needed
to improve the outcomes of children with CNS tumors in LMICs.
Ultimately, these vulnerable patients must be included in national
health agendas as a priority point of action to fully implement chan-
ge. Cures should be limited only by our understanding of diseases,
not by the availability of care.
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Executive summary

Accessibility to immunohistochemistry (IHC) is invaluable to pro-
per diagnosis and treatment of pediatric patients with malignant neo-
plasms. Whereas IHC is widely available in anatomic pathology labo-
ratories in high-income countries, access to it in anatomic pathology
laboratories of low- and middle-income countries remains a struggle,
with many limitations. To advance the quality of the pathology servi-
ce offered to children with cancer in areas with limited resources, a
5-day pathology training workshop was offered to pathologists and
histotechnologists from various countries of the Central American and
Caribbean region. An initial assessment of the workshop participants’
current laboratory capacities was performed, and a regional training
center was selected. Didactic and hands-on activities were offered,
and review and evaluation of the IHC slides produced during the trai-
ning course were compared with original slides from the participants’
sites. This model of intensive 5-day training appears to be effective
and can potentially be used in other budget-constrained regions. Mo-
reover, it can serve as a continuing education activity for pathologists
and histotechnologists, and as part of validations and quality improve-
ment projects to build capacity and develop IHC assay proficiency in
low- and middle-income countries.
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Introduction

The use of immunohistochemistry (IHC) staining has long been
recognized as an indispensable tool in surgical pathology practices to
aid in the correct diagnosis and subclassification of the malignant neo-
plasms."? An accurate diagnosis guides the clinical decision for proper
treatment and consequently improves patients’ outcome. Although
IHC is readily available and performed in most of the anatomic patho-
logy (AP) laboratories in the developed world, significant limitations
and even complete lack of IHC capabilities continue to exist in many
AP laboratories in low- and middle-income countries (LMICs).

Since 1998, the pediatric oncology centers in Central America,
later joined by the Caribbean countries of Haiti and the Domini-
can Republic, have formed the Associacion de Hemato- Oncologia
Pediatrica de Centro América (AHOPCA). In collaboration with St
Jude Children Research Hospital (SJCRH; Memphis, TN) and other
institutions in North America and Europe, the AHOPCA group
has promoted multidisciplinary educational activities and establi-
shed shared clinical guidelines that have generated successful results
through the years.”'* Unfortunately, a significant gap and disparity
in the level of the pathology services offered among these countries
still exist, leading local oncologists and pathologists to request fre-
quent second opinions from SJCRH. A previous analysis of cases
submitted to SJCRH in consultation have shown a high index of in-
correct diagnosis in the region, and the lack or poor quality of IHC
assays was assumed to be one of the contributing factors."

As part of a recently awarded P30 Cancer Center supplement
(Grant No. 3P30CA021765-37S2) to promote clinical research stu-
dies in Burkitt lymphoma in LMICs, the pathologists from the Cen-
tral America and Caribbean region started to participate in AHOPCA
more actively and established the AHOPCA Pathology Working group
(AHOPCA-Path). Whereas many factors contrib- ute to the gap and
disparity in the level of the pathology services offered in LMICs, we
believe educational activities can be a powerful tool for capacity buil-
ding and can consequently minimize the gap seen in these countries.
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Table 2. Most Common Problems Among Anatomic Pathology Labo-
ratories in Low- and Middle-Income Countries

Common Problems

Inadequate laboratory infrastructure and/or insufficient physical space

Lack of adequate equipment

Limited resources

Suboptimal and/or inconsistent quality of the histologic slides

Limited IHC capability and high cost of reagents

Unreliable quality of the THC slides

No specialized (subspecialty) training for pathologists

Lack of opportunities for professional developments (for pathologists and histotechnologists)

No participation in proficiency testing

Nonexistence of quality control, quality assurance, and quality improvement plans

Abbreviation: THC, immunohistochemistry.

As part of our effort to improve the quality of the pathology ser-
vices offered to children in the region who have cancer, we promo-
ted a 5-day pathology training workshop that focused on IHC. This
workshop was provided not only to pathologists but also to histo-
technologists. We believe this initiative can improve the technical
and specialized knowledge of the participants, and help pathologists
and histotechnologists make more appropriate decisions (including
cost-saving choices) yet be able to implement proper standards and
procedures. This approach may also be used as a model of training,
capacity building, and to further develop IHC assay proficiency in
other areas of the world with limited resources. Fur- thermore, local
capacity training will lead to diagnostic independence and reduce
the burden of second-opinion consultations while empowering the
local pediatric oncology units and, ultimately, improve the outcomes
of children with cancer.
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Figure 1. Micrographs of sample slides from the immunohisto-
chemistry assay performed by hand at Hospital Nacional de Nifios
Benjamin Bloom, San Salvador, El Salvador. (A, B) Testis involved
by lymphoblastic lymphoma, which is immunoreactive for (A) CD45
and (B) terminal deoxynucleotidyl transfer- ase. (C, D) Tissue slides
from a case of rhabdomyo- sarcoma that show diffuse positivity for
(C) desmin and (D) Myo-D1. Magnification, x200

RY
Aep

Table 3. Manual Immunohistochemistry Staining Procedure Used at
Hospital Nacional de Nifios Benjamin Bloom, San Salvador, El Salvador

No Step Action/Solution Repetition| °C | Time
(min)
1 Tissue sections and Cut 3-pum thick sections and let dry | — 60 |30
control tissue
2 Tissue Heat slides in an oven 1 R/T |5

deparaffinization
and rehydration

Wash slides in xylene 3 R/T [3

Wash slides in 100% ethanol 3 R/T [3

Rinse slides in distilled water 2 R/T |60
3 Antigen retrieval* Place slides in antigen retrieval 1 60 (30

solution in steamert

Leave slides within antigen retrieval |1 R/T |3

solution

Rinse slides in distilled water 1 R/T |5
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4 Inactivate Cover tissue with 3% hydrogen 1 R/T |5
endogenous peroxide
peroxidase
Wash slides in x1 TBS, pH 7.6 2 R/T |5
5 Protein blocki 0.4% Casein in phosphate-buffered |1 R/T |5
saline
Wash slides in x1 TBS, pH 7.6 2 R/T |60
6 Primary antibody$ Apply primary antibody and incubate |1 R/T |5
in humidified chamber
Wash slides in x1 TBS, pH 7.6 2 R/T |30
7 Secondary Apply secondary antibody and 1 R/T |5
antibody incubate in humidified chamber
(postprimary)F (rabbit anti-mouse IgG (< 10 pg/mL)
Wash slides in x1 TBS, pH 7.6 2 R/T [30
8 Polymer solution} Apply polymer solution and incubate |1 R/T |5
in humidified chamber (anti-rabbit
poly-HRP-IgG)
Wash slides in x1 TBS, pH 7.6 2 R/T |5
9 Developer Add DAB substrate to the slides and |1 R/T |3
incubate in a humidified chamber
Rinse slides in distilled water 1 R/T [3
10 Counterstain Hematoxylin 1 R/T [3
Rinse slides in distilled water 1 R/T |5
11 Dehydrate tissue Wash slides in 100% ethanol 1 R/T |3
Wash slides in xylene 3 R/T |5
12 Mount coverslips Use permanent mounting medium 3

Abbreviations: DAB, diaminobenzidine; IgG, immunoglobulin G; R/T, room
temperature (22°C to 24°C); TBS, Tris-buffered saline; Temp, temperature.
*Optimization of the antigen retrieval buffer and working condition must be per-
formed for each antibody.

1Slides placed in solution only after the temperature reaches 60°C.

#Novolink Polymer Detection Systems (Novocastra; Leica Biosystems, Buffalo
Grove, IL).

sAntibody dilution must be previously optimized; x1 TBS (50 mM Tris-Cl [6.05
g of TRIS], 150 mM NaCl [8.76 g], distilled water [1 L], pH 7.6; DAB (1.74%
weight-to- volume ratio 3,3'- diaminobenzidine in a stabilizer solution).

The current state

The main characteristics of the AP laboratories from the AHOP-
CA member institutions are outlined in Table 1. Some AP labo-
ratories in this area demonstrate overall good quality. However, a
significant inequality in the infrastructure and capability of the AP
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laboratories is noted, ranging from private and well-equipped labo-
ratories with existing automated IHC assays to public (institutional)
laboratories that are restricted only to morphologic examination of
hema- toxylin and eosin (H&E)-stained slides and struggle with li-
mitations in laboratory supplies imposed by economic restrictions.
For many years, SJCRH has been offering second-opinion pathology
diagnoses to the AHOPCA group. We have noticed that one of the
leading reasons to submit a case in consultation is the impossibili-
ty of the local pathologists to further classify a neoplastic process
because of the lack of IHC or poor IHC quality. Also, inadequate
tissue fixation and suboptimal histologic sections are common issues
that can substantially affect the ability to reach the correct diagnosis.
Lack of quality-control activities and inappropriate IHC antibody
optimization and validation were seen among some of the partici-
pants’ centers.

During the workshop, all the pathologists were asked to give a
30-minute presentation using a previously provided template. The
participants’ presentations helped delineate their current laboratory
status, outline their assets, deficiencies, opportunities to improve,
and potential threats (aka, SWOT analysis).16 This approach served
not only as a self-assessment but additionally to highlight common
problems among the centers (Table 2), encourage collaboration,
and stimulate interaction among the AHOPCA-Path members. We
believe establishing a strong regional network is an essential step
toward improving the overall quality of the pathology service provi-
ded in this region, which will positively affect treatment and outco-
me of children with cancer.

Figure 2. Parallel comparison of original immunohisto chemistry
slides from laboratories in five countries and slides stained during
the workshop. Row 1: T-lymphoblastic lymphoma (sample from Cos-
ta Rica) showing similar excellent results, diffuse positivity for CD3
and negative for CD20, between original slides and slides stained
during workshop. No background staining is noted. Row 2: Slides of
lymphoid hyperplasia (sample from Santiago, Dominican Republic)
were originally stained using an automated slide stainer and by hand
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during the workshop. These show comparable results with positivity
for CD3 in the para-follicular region and CD20 immunoreactivity in
the germinal centers. Row 3: Burkitt lymphoma (sample from Gua-
temala). Both original slides stained by hand (CD3 and CD20) show
false-negative results. The same sample, when stained during the wor-
kshop, shows diffuse positivity for CD20 while negative for CD3, but
with good internal control. Row 4: Burkitt lymphoma (sample from
Honduras). The slide, originally stained by hand, shows only faint
background staining. The same sample restained during the works-
hop after appropriate antigen retrieval shows proper diffuse positivity
for CD20 and is negative for CD3 (with adequate positive internal
control). Row 5: This Burkitt lymphoma sample slide (from Panama)
displays diffuse positivity for CD20 and nonreactivity for CD3. A
comparison between the original slides (stained using an automated
slide stainer) and the slides stained by hand during the workshop show
equivalent results. Magnification, <400
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The training course
Training Center

The Hospital Nacional de Nifios Benjamin Bloom (HNNBB) in
San Salvador, El Salvador, was strategically selected as the regional
training center, and all the practice and didactic sessions occurred at
HNNBB'’s Department of Pathology.

Figure 3. Micrographs from three cases of Burkitt lymphoma. H&E-
stained slides reveal suboptimal tissue fixation. All the immunohisto-
chemistry slides were stained manually during the workshop by his-
totechnologists without previous experience, and they show adequate
results. All three cases were immunoreactive for CD20 and negative
for CD3. (Row 1, sample from Santo Domingo; row 2, sample from
Mirebalais, Haiti; row 3, sample from Nicaragua). H&E, hematoxylin
and eosin. Magnification, x400.
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The HNNBB is a public, governmental, general pediatric hospital
with 450 hospital beds. The Department of Pathology is institutional
and is located within the main hospital. The pathology staff compri-
ses three senior pathologists, four histotechnologists (two of them
trained in IHC), four pathology assistants, and one administra- tive
assistant. The laboratory was recently reno- vated, operates in a space
of 250 m2, and is well equipped. The available equipment includes an
automated tissue processor, a tissue embedding center, microtomes,
a tissue water bath, an incubator, microscopes (including double hea-
ded), fume hoods, a cryostat, autopsy tables, a turbo mixer, micropi-
pettes, and precision and analytical balances. At HNNBB, the IHC
assay is per- formed by hand, on demand, and, based on a previous
assessment, it demonstrates an excellent overall quality (Fig 1).

Participants and Training Team

A total of 16 participants from Costa Rica, the Dominican Re-
public (Santiago and Santo Domingo), Guatemala, Haiti, Honduras,
Nicaragua, and Panama attended this training workshop. Two mem-
bers from each program (one pathologist and one histotechnologist)
were invited. Some of the participants have experience in perfor-
ming IHC by hand or have used automated IHC machines in their
laboratories. Nevertheless, members from three centers (ie, Nicara-
gua, Haiti, and Santo Domingo in Dominican Republic) had never
performed or used IHC in their daily practices. The training team
was composed of two histotechnologists and one pathologist from
HNNBB (A.C.P.) and a pathologist from SJCRH (T.S.).

Didactic and Practice Activities

An overview of IHC concepts, including antigen-antibody reac-
tion, specificity, control samples, antibody selection, and antibody
optimization and validation was given during the educational ses-
sions. There are many advantages to using an automated IHC over
manual IHC staining; in particular, the fact that it can facilitate stan-
dardization and decrease the number of histo-technologists needed.
Nevertheless, the high cost of acquiring and maintaining an automa-
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ted IHC staining machine can be impracticable for many AP labo-
ratories in LMICs. Therefore, our goal was to identify a center that
had a well- established, high-quality, manual IHC assay that could
be replicated in other centers where auto- mated IHC staining could
not be implemented. The practice sessions during the workshop for
manual IHC staining followed the techniques currently in use at
HNNBB (Table 3). Methods for proper tissue fixation, tissue pro-
cessing, and appropriate tissue sectioning also were reviewed during
the hands-on activities. Strategies for IHC implementation, budge-
ting, supplies acquisition, tactics of cost reduction, and troubleshoo-
ting of the IHC assay were discussed.

The workshop participants were asked to bring three paraffin
blocks from three different cases of non-Hodgkin lymphoma that
had been fixed and processed at their local institutions, as well as
the corresponding H&E-stained slides and prestained IHC slides
(if available). This material was deidentified and used during the
practice sections. Pretreatment using a heat-induced epitope retrie-
val technique was performed, and slides were immunostained using
commercially available antibodies. Anti-CD3 (Novocastra Catalog
CD3-565-L-CE), anti-CD20 (Novocas- tra Catalog CD20-L26-L-
CE), and anti-terminal deoxynucleotidyl transferase (Novocastra
Cata- log TdT-339-L-CE) had been previously selected for use du-
ring this workshop. The slides pre- pared during the workshop were
compared with the original H&E-stained and IHC slides (if availa-
ble) that had been prepared at their local insti- tution using the same
paraffin blocks.

All the slides stained during the workshop as well as the original
slides were reviewed during the assessment sessions by the training
team and the attendees using a microscope camera connected to a
screen. In selected situations, individualized review (ie, an instruc-
tor with a trainee) took place to assess any discordant or suboptimal
results. General and personalized recommendations were presented
to the participants. All the participants (ie, pathologists and histote-
chnologists) had the opportunity to perform the manual IHC assay,
and some participants had the chance to repeat the reactions up to
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three times. Aspects of IHC interpretation, reporting, quality-con-
trol plan, and competence assessment were also emphasized during
the workshop. All the activities (didactic and hands-on) were offered
in Spanish. Handouts, copies of protocols, and pictures of the slides
were pro- vided to the participants.

Slide Review

The evaluation of the H&E-stained slides enabled identification
of problems with tissue fixation and/or with processing of the speci-
mens. Four of the 10 centers (40%) did not routinely use 10% neutral
buffered formalin nor did they monitor pH or fixation time before
the workshop. IHC assays were already in use in six centers (inclu-
ding the training center): two of them use an automated IHC stai-
ning technique (Santiago in Dominican Republic, and Panama) and
four centers perform IHC by hand (Costa Rica, Guatemala, Hondu-
ras, and El Salvador). Poor antigen retrieval, nonspecific staining,
and intense background staining were examples of problems identi-
fied in some of the original IHC slides. During the workshop, all the
slides were stained by hand, and the results were similar to the slides
stained with an automated ITHC stainer. A parallel comparison of the
original slides and slides stained during the workshop is presented
in Figs 2 and 3.

Summary

Based on the assessment of the participants’ performance during
the workshop, the evalua- tion of their original slides, and the slides
prepared during the training sessions, we believe this model of in-
tensive 5-day training with a combination of didactic and practice
activities appears to be a useful strategy to improve IHC capacity
in countries with limited resources. Nevertheless, the effect of this
training workshop will need to be evaluated with short- and long-
term follow-up evaluations to appraise any postworkshop changes
and progress. We also believe promoting regular communication
and collaboration among the participants is critical to allow regional
development.
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In summary, this 5-day workshop showed that a high-quality IHC
assay performed by hand in a limited resource setting is achievable.
When well controlled, the results of IHC assay done by hand can be
reproducible and the overall performance similar to the staining ob-
tained with an automated IHC stainer. Inadequate tissue fixation and
processing, which can compromise the tissue sample interpretation
and final diagnosis were identified in some participant laboratories.
Strategies to improve tissue fixation and processing were addressed
during the training ses- sions. Proper documentation, standardiza-
tion, and quality-control activities were nonexistent in the vast ma-
jority of the participating institutions. The implementation and daily
use of appropriate standards and procedures, and quality moni- tors
can ensure high-quality results and repro- ducibility of the IHC as-
say in areas with limited resources. Moreover, we believe this model
of training can be replicated in other LMICs.
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Instituto de medicina tropical “Pedro Kouri”, la Habana, Cuba
Hospital Nacional de Niiios “Benjamin Bloom”, San Salvador,
El Salvador, Centroamérica

¢Por qué y como mueren los ninos con dengue?

Dr. Eric Martinez Torres'
Dra. Ana Concepcién Polanco Anaya®

Dr. Ernesto Benjamin Pleites Sandoval®

'Doctor en Ciencias. Especialista en Pediatria. Investigador Titular. Profesor
Titular Consultante. Instituto de Medicina Tropical “Pedro Kouri” (IPK), La
Habana, Cuba. ’Especialista en Anatomia Patolégica. Hospital Nacional de
Nifos Benjamin Bloom (HNNBB), San Salvador, El Salvador, Centroamérica.
*Especialista en Infectologia Pediatrica. Hospital Nacional de Nifos Benjamin
Bloom (HNNBB), San Salvador, El Salvador, Centroamérica.
http://scielo.sld.cu/pdf/mtr/v60n1/mtr06108.pdf

Introduccion: es importante conocer el modo en que agravan y
fallecen los pacientes con dengue para disefiar las estrategias en la
prevencion de su mortalidad. OBJETIVO: identificar las condiciones
(complicaciones y otras situaciones clinicas) a las cuales estuvo aso-
ciada la muerte, asi como el tipo de afectacién particular que mostra-
ron algunos érganos.

Métodos: se hizo un estudio clinico-patolégico de 30 nifios falle-
cidos por dengue en El Salvador, entre 1999 y 2000. Todos los casos
cumplieron los criterios clinico-humorales que establece la Organiza-
cion Mundial de la Salud para ser considerados fiebre hemorragica
dengue/sindrome de choque por dengue. Mediante el analisis de la
evolucion diaria y horaria de cada caso, el colectivo de investigadores
identificod la condicion clinica o clinico-humoral a la cual estuvo aso-
ciado el fallecimiento. Se estudiaron las autopsias de 8 casos confir-
mados por serologia o mediante inmunohistoquimica.
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Resultados: en 20 de los 24 casos (83 %) que fallecieron durante
los primeros 3 d del ingreso hospitalario, la condicién asociada a la
muerte fue el choque hipovolémico, a veces asociado a hemorragias,
coagulacion intravascular diseminada, sindrome de dificultad respirato-
ria por edema pulmonar no cardiogénico y dano multiple de érganos,
que fueron complicaciones del choque recurrente mas que complica-
ciones del dengue. La coinfeccion bacteriana fue la condiciéon mas fre-
cuente asociada a la muerte por dengue en los nifios que fallecieron
después del tercer dia de hospitalizacion. Mediante autopsia se aprecio
afectacion importante de higado, corazén y rifiones de estos enfermos.

Conclusién: la muerte por dengue es evitable en buena medida
si se hace prevencion del choque o se le trata de manera precoz y
enérgicamente, con soluciones cristaloides por via intravenosa a par-
tir de la identificacion de los signos de alarma que anuncian el inicio
del deterioro clinico del enfermo con dengue.

Palabras clave: Dengue, dengue hemorragico, choque, signos de alarma.

Introduction: It is important to find out how the patients with den-
gue become critical and die, with a view to designing the mortality
prevention strategies.

Objective: to identify the death- associated conditions (compli-
cations and other clinical situations) as well as the specific type of
damage observed in some body organs.

Methods: A clinical-pathological study of 30 dead children with
dengue in El Salvador was performed from 1999 to 2000. All the cases
met the WHO clinical and humoral criteria for being classified as ei-
ther dengue hemorrhagic fever or dengue shock syndrome. Through
the analysis of daily and hourly evolution of each case, the research
team identified the clinical or the clinical-humoral condition that was
associated to the death of a patient. The autopsies of 8 serology- or
immunohistochemistry-confirmed cases were studied.
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Results: In 20 (83 %) of 24 cases that died in the first three days
of admission, the associated condition was hypovolemic shock, some-
times related to hemorrhage, disseminated intravascular coagulation,
respiratory distress caused by non-cardiogenic pulmonary edema
and multiple organ damage, all of which were recurrent shock compli-
cations rather than dengue complications. The bacterial co-infection
was the most frequent condition associated to death of children with
dengue after the third day of hospitalization. The autopsies showed
considerable damage of liver, heart and kidneys.

Conclusion: Death from dengue is generally preventable if hypo-
volemic shock is either prevented or treated timely and energetically
using intravenously administered crystalloid preparations at the time
of detecting alarming signs that would indicate the onset of clinical
deterioration of the patient with dengue.

Key words: Dengue, hemorrhagic dengue, shock, alarming signs.

Introduccion

La infeccién por dengue puede ser inaparente desde el punto de
vista clinico y puede causar una enfermedad de variada intensidad,
que incluye des- de formas febriles con dolores en el cuerpo y mayor
o menor afectacion del organismo, hasta cuadros graves de choque y
grandes hemorragias.' Hasta ahora se ha aceptado que la diferencia
principal entre la fiebre del dengue (FD) y la fiebre hemorragica de
dengue (FHD) no son los sangramientos sino la extravasacion de
plasma que sea clinicamente importante.?

El espectro clinico del dengue tan variado explica la diversidad
de cuadros clinicos que se pueden encontrar en una misma fami-
lia o poblaciéon durante un brote epidémico, pues algunos pacientes
(quizas la mayoria) estaran solo ligeramente afectados y ni siquiera
procuraran los servicios médicos, otros seran oligosintomaticos y
otros estaran muy afectados, con gran postracion y quizas con una
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evolucion desfavorable, deterioro clinico y muerte, a veces en pocas
horas. Cada uno de los 4 virus del dengue puede producir cualquier
cuadro clinico del referido espectro.

También existen las llamadas formas “atipicas™ o formas clini-
cas con especial afectaciéon de un 6rgano o sistema, las cuales* han
sido hasta ahora infrecuentes, a saber: encefalopatia, miocardiopatia
o hepatopatia por dengue, asi como la afectacioén renal conducente
a insuficiencia renal aguda, y otras,>® que también pueden asociarse
a mortalidad. Estas formas clinicas de apa- rente rareza o "atipici-
dad” no debieran sorprender, si se recuerda que los virus del dengue
pertenecen a la misma familia Flaviviridae (todos arbovirus) entre
los que se encuentran los que producen la encefalitis de San Luis y
la encefalitis japonesa, asi como la fiebre amarilla, cuya expresion
clinica es muy intensa en el encéfalo o el higado, respectivamente.**

En los anos 1999-2000 la Republica de El Salvador, en Centro-
américa, sufrié su primera gran epidemia de fiebre hemorragica
dengue/sindrome de choque por dengue (FHD/SCD), la cual fue
producida por una cepa muy patégena de origen asiatico del virus
dengue serotipo 2 (DEN-2), al circular en una poblacién que 5 afos
antes habia tenido epidemia por DEN-3 y la circulaciéon endémica
de DEN-1y DEN-4.

Durante los ultimos meses de 1999 se produjo el primer incre-
mento del nimero de casos que declind al comienzo de 2000 para
reiniciar el aumento sostenido del nimero de notificaciones a partir
de marzo de ese ano hasta totalizar 18 433 enfermos (en noviem-
bre/2000) para una tasa de 50,3 x 100 000 habitantes, de los cuales
355 (12 %) fueron casos de FHD y 36 fueron considerados inicial-
mente como fallecidos por esta enfermedad, en la edad pediatrica.”

Es importante conocer el modo en que agra- van y fallecen los
pacientes para mejorar el disefio de las estrategias en la prevencion
de la mortalidad por esta enfermedad (que no tiene hasta ahora una
vacuna ni un medicamento antiviral de reconocida eficacia) asi como
el perfeccionamiento del manejo clinico de casos severos mediante
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la identificacion precoz de signos clinicos y de laboratorio, que sefia-
len el inicio del deterioro del estado del paciente para proceder a la
reposicion enérgica de liquidos por via intravenosa y otras medidas
terapéuticas capaces de impedir su evolucion fatal.

El objetivo del presente estudio ha sido identificar las condicio-
nes (complicaciones y otras situaciones clinicas) a las cuales estu-
vo asociada la muerte, asi como el tipo de afectacion particular que
mostraron algunos drganos (higado, pulmén, corazén, riiién) de es-
tos ninos fallecidos durante la referida epidemia salvadorena.

Métodos

Se estudiaron los expedientes clinicos y toda la informacién
seroldgica y epidemioldgica de 36 pacientes que habian fallecido
con diagnoéstico probable de dengue en el Hospital Nacional de
Nifos Benjamin Bloom (HNNBB) de San Salvador, El Salvador,
durante el periodo de octubre de 1999 y todo 2000, asi como los
protocolos de autopsia de aquellos casos a los cuales sus familiares
autorizaron este proceder. Se excluyeron 6 casos por no cumplir
los criterios de dengue.

El estudio se realizd, por tanto, en 30 casos fallecidos con las ca-
racteristicas siguientes: edad comprendida entre 5 meses y 6 afos y
relacion masculino: femenino no significativa (16:14). Todos los ca-
sos cumplieron los criterios clinico- humorales que establece la Or-
ganizacion Mundial de la Salud (OMS) para ser considerado FHD/ /
SCD.2 En 19 casos el diagndstico de dengue se confirmé por estudio
seroldgico o mediante inmunohistoquimica y en los 11 casos restan-
tes, el diagndstico se hizo aplicando el criterio clinicoepimiolégico,
después de haberse excluido otras causas infecciosas.

Mediante el analisis de la evolucién diaria y horaria de cada
caso, el colectivo de investigadores identificé la condicién clinica o
clinico-humoral a la cual estuvo asociado el fallecimiento, a saber:
choque, hemorragias, coagulacion intravascular diseminada (CID),
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fallo multiple de 6rganos, sindrome de dificultad (distrés) respira-
torio por edema pulmonar no cardiogénico, asi como la afectacion
particular de un 6rgano (higado, encéfalo, corazon, rinén) y la posi-
ble coinfeccion bacteriana o por otro agente biologico. Se tratd siem-
pre de determinar una sola condicion asociada al fallecimiento, lo
cual se logré hacer en 22 casos, aunque en 5 casos hubo que admitir
2 de estas condiciones (choque y hemorragias, con CID o sin esta,
choque y sindrome de dificultad respiratoria) y en otros 3 casos se
asociaron 3 de tales condiciones (algunas de las referidas mas fallo
multiple de 6rganos o coinfeccion).

Se estudiaron las autopsias de 10 casos sospechosos de dengue,
de los cuales 8 tuvieron confirmaciéon de esta infeccion (por sero-
logia o inmunohistoquimica): en 7 casos la autopsia fue parcial y
completa en el caso restante.

Resultados

De los 30 casos estudiados, 24 fallecieron a las 0-72 h de hos-
pitalizacién y mas de la mitad (21 casos) habia llegado referido al
Hospital procedente de otros hospitales del pais. Todos habian pre-
sentado fiebre y dolores corporales antes del ingreso, manifestacio-
nes digestivas (vomitos, dolor abdominal, diarreas) en proporcion e
intensidad variables, asi como exantema y algin sangrado referido
en la mitad de los casos. Los demas pacientes también presentaron
alguna hemorragia durante el periodo de hospitalizacion. El dia de
ingreso en el hospital terminal oscil6 entre el tercero y el quinto a
partir de haberse iniciado la fiebre y el fallecimiento ocurri6 entre el
cuarto y octavo dias en 80 % de los casos.

En 20 de los 24 casos (83 %) que fallecieron durante los primeros
3 d del ingreso hospitalario, la condicion asociada a la muerte fue el
choque hipovolémico. En 8 ocasiones el choque se asoci6 a sindrome
de dificultad respiratoria (expresion de edema pulmonar no cardio-
génico), lo cual ocurrié siempre cuando el paciente ya habia estado
24 0 48 h sin restablecerse del choque recurrente caracteristico de
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esta enfermedad. Un paciente desarrolld, ademas, coinfeccion bac-
teriana (neumonia suficientemente extensa como para considerarse
condicién codeterminante del fallecimiento). También en este grupo
se identificaron otras condiciones asociadas al choque: hemorragias
masivas (con CID asociada o sin esta) en 7 casos (uno durante el
segundo dia de hospitalizacién y 6 durante el tercer dia).

En ese periodo inicial de hospitalizacion (0-72 h) también falle-
cieron 4 casos en los cuales la hemorragia fue considerada como la
condiciéon mds importante asociada al fallecimiento (siempre en estos
casos el fallecimiento ocurrié en las primeras 48 h), pues previamente
no se habian identificado signos de choque. Es de sefalar que todos
fueron pacientes que habian sido referidos de otras instituciones hos-
pitalarias del pais, 2 de estos 4 fallecidos tuvieron evidencias de CID.

Cuando el fallecimiento ocurrié después de 72 h de hospitali-
zacion, la condicion mas frecuente asociada a la muerte fue la coin-
feccion (4 casos) con el foco de infeccion pulmonar en 3 ocasiones
(neumonia con derrame o sin este) y meningoencefalitis purulenta
en el caso restante, sin haberse podido identificar el agente bioldgico
causal. El paciente evolucion6 desfavorablemente y muri6 por las
complicaciones propias de este tipo de infeccion del sistema nervio-
so central (SNC). Otro paciente falleci6 varios dias después de su
hospitalizacion por presentar un cuadro clinico de fiebre con afec-
tacion de la conciencia y disfuncion renal, asi como un liquido ce-
falorraquideo (LCR) claro y transparente cuyo estudio citoquimico
mostré algunos linfocitos, glucorraquia normal y ausencia de protei-
norraquia. La IgM especifica de dengue fue positiva en suero, no se
realizd autopsia ni se estudié dengue en LCR (tabla 1).
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Tabla 1. Nirios fallecidos por FHD/SCD en El Salvador, 2000, segiin
condicion asociada al fallecimiento y dias de hospitalizacion

Condicion Dias de hospitalizacion
1 2 3 4 | 50omas

Choque 7 6 6
Distrés respiratorio 2 6
Hemorragias 1 3 6
Coagulacion intravascular Diseminada 1 2 2
Fallo multiple de 6rganos 1
Coinfeccion 1 1 3
Disfuncién renal y afectacion del SNC 1

En todos los casos de autopsia, al examen macroscopico se apre-
cio ascitis y derrame pleural, asi como discreto derrame pericardico
en 5 casos. Los pulmones siempre tuvieron aspecto hemorragico, el
higado fue blando y de color amarillento y la mitad de las veces se
aprecié hemorragia de la capsula hepatica. El bazo siempre estuvo
aumentado de tamafo por congestién y tuvo consistencia blanda.
Todos los 6rganos estudiados mostraron edema e hiperemia.

Los estudios microscépicos de higado (tabla 2) evidenciaron en
todos los casos menos uno, necrosis en el drea mediozonal y hemo-
rragia, asi como algun signo de inflamacion (siempre por células mo-
nonucleares excepto un caso que pre- sentd reaccion inflamatoria con
predominio de eosinofilos). Casi todos los casos mostraron signos de
necrosis y apoptosis, asi como de esteatosis (metamorfosis grasa) y
trombos de fibrina. Debe destacarse que los enfermos que mostraron
mayor intensidad en las alteraciones morfoldgicas referidas fueron los
que habian alcanzado en vida los valores mas elevados en los estudios
de enzimas en sangre (transaminasas), hasta mas de 1 000 unidades.

El edema y las hemorragias fueron muy significativos en las ima-
genes microscopicas de los pulmones (tabla 3). Se apreciaron, ade-
mas, membranas hialinas en 4 casos y algunos trombos de fibrina.

En 2 casos, el corazén mostrd signos de miocarditis, severa en un
caso y moderada en el otro. Los hallazgos en corazén, higado y rifién
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de un tercer caso eran compatibles con los del sindrome de Reye.
Este paciente habia recibido aspirina durante la etapa febril de su
enfermedad y tuvo taquicardia y afectacion de la conciencia durante
su hospitalizacién.

Tabla 2. Hallazgos microscépicos hepdticos y valor de transaminasas
en nifios fallecidos por fiebre hemorrdgica dengue, El Salvador, 2000

Casos 1 2 3 4 5 6
Apoptosis +++ + + ++ - +
Necrosis +++ + + 4+ - +
Inflamacion +++ ++ ++ ++ - -
Esteatosis +++ + +++ +++ - +
Edema +++ ++ +++ +++ - +
Hiperemia ++ +++ +++ + +
Hemorragias +++ ++ +++ +++ + +
Trombos de fibrina + - ++ + + +
Valor de Transaminasas +++ NST NST ++ NST ++

+: leve, ++: moderada, +++: severa. NST: no se tomo valor.
Valor de transaminasas= +: menor que 100, ++: mayor que 100, +++: mayor que 1 000.
Fuente: Protocolos de autopsias 2000, HNNBB.

Tabla 3. Hallazgos microscopicos cardiopulmonares en nifios falleci-
dos por fiebre hemorrdgica dengue. El Salvador, 2000

Casos

En pulmones: 1 2 5 6 7 8 10
Edema +++ +++ + ++ +++ + ++
Infarto +++ +++ + ++ +++ + ++
Hemorragia 4+ +4++ + + +++ + ++
Trombos de fibrina ++ - + - + - ++
Membranas hialinas ++ - + - 4+ - 4+
En corazén: Miocarditis | NSA NSA - +++ +++ Tipo Reye | -

+: leve, ++: moderado, +++: severo, NSA: no se realizé autopsia tipo Reye:
miocardio con infiltracién grasa difusa tipo Reye miocarditis: mononucleares
linfociticos como infiltrado predominante. Fuente: Protocolos de autopsias 2000,
HNNBB
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Los rifiones (tabla 4) presentaron lesiones hemorragicas y signos
de glomerulonefritis, tubulitis y necrosis tubular aguda de alguna in-
tensidad en todos los casos con autopsia realizada. En 3 casos pudo
apreciarse apoptosis en las células epiteliales del tubulo proximal.

Tabla 4. Hallazgos microscopicos renales en nifios fallecidos por fie-
bre hemorrdgica dengue, El Salvador 2000

Casos 1 2 10
Glomerulonefritis +++ +++ ++
Tubulitis +++ +++ +
Necrosis tubular aguda +++ +++ +
Nefritis + ++ +
Microtrombos de fibrina + + _
Apoptosis de células epiteliales tubulares + ++ -
Calcificaciones ++ ++ +
Edema o+ e+ ++
Hiperemia +++ +++ ++
Hemorragia +++ +++ ++

+: leve, ++: moderado, +++: severo.
Fuente: Protocolos de autopsias 2000, HNNBB.

Discusion
Choque y edema pulmonar

El choque fue, sin dudas, la condicién que con mayor frecuencia
se asoci6 al fallecimiento por dengue, sobre todo en los pacientes
que murieron durante las primeras horas (0-72) de hospitalizacion.
El choque puede ser causa directa y tinica de muerte pues constitu-
ye un estado de bancarrota sistémica y también puede inducir otras
complicaciones, como son las grandes hemorragias, con CID o sin
esta, asi como fallo multiple de 6rganos debido al sindrome de hipo-
perfusion/reperfusion con diversas alteraciones funcionales que se
superponen y determinan de conjunto el fallecimiento del enfermo.
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En el dengue, el choque es primariamente hipovolémico por
la extravasacion masiva de plasma que se produce a través de los
endotelios debido a varios mecanismos fisiopatologicos. El choque
por dengue, de manera usual se presenta de forma subita, intensa
y transitoria, por lo cual su causa pudiera ser el escape de plasma
determinado por el derrame de citoquinas proinflamatorias (TNF
alfa, IL-1, IL-8, IL-10) y otros mediadores como la selectina E y el
ICAM-1, asi como la lisis de las células endoteliales por apoptosis a
partir de la accién propia de citoquinas.8 La accion de anafilatoxinas
resultantes de la activacion del complemento pudiera también con-
tribuir al choque.*

Los mismos mecanismos fisiopatoldgicos que conducen al choque
por dengue son capaces de producir el edema pulmonar no cardio-
génico, el cual se expresa clinicamente como un sindrome de dificul-
tad respiratoria que lleva al paciente a morir “ahogado en sus propias
secreciones”. Es significativo que el llamado sindrome de dificultad
respiratoria del adulto, tanto en adultos como en nifios en este caso,
se presenta siempre en los enfermos de dengue después del choque
prolongado o recurrente. El aporte exagerado de liquidos durante la
etapa de choque recurrente, que puede demorar 24 h o mds, constituye
un factor contribuyente de importancia, sobre todo si se han utiliza-
do coloides en el intento de resucitacién. La evidencia cada vez mas
frecuente de afectacién miocardica en estos enfermos obliga a tener en
cuenta la posibilidad de un cuadro de bajo gasto cardiaco que coexiste
con los mecanismos previamente referidos.

Hemorragias y cid

En las infecciones por dengue se produce la activacion del siste-
ma de coagulacién a partir, primariamente, de la via intrinseca —que
resulta la mas afectada- lo cual se evidencia en estudios avanzados de
la enfermedad. También la via del factor tisular se activa de manera
continuada en los estadios avanzados de la infeccién por dengue.
En el dengue existe, ademas, un estado fibrinolitico discretamente
acelerado, en el cual los productos de la degradacion de la fibrina no
estan tan elevados como en la CID asociada a infeccion bacteriana.
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Las concentraciones del dimero D han estado elevadas, pero no se
han asociado a la evolucion desfavorable de los enfermos.’

;Son estos trastornos de la coagulacion/fibrindlisis los que deter-
minan la muerte de los enfermos? No se ha podido responder esta
pregunta, porque los expertos consideran que los estudios disponi-
bles fueron realizados casi todos en los afios de la década 1970-80 y
han sido escasos, inconsistentes y con sesgos. Asi, se ha identificado
informacion defectuosa de la seleccion de casos y controles, sin po-
derse establecer claramente si los casos incorporados al estudio esta-
ban en un estadio similar de la enfermedad y si las medidas de sostén
habian sido ya aplicadas. Ademas, la hospitalizacién demorada pudo
haber sido un factor importante, la dificultad en precisar si la alte-
racion hematoldgica fue el resultado directo de la acciéon del virus
dengue o el resultado de otros factores (citoquinas) que son capaces
de influir a la vez en la evolucion del enfermo y en la activacion de la
coagulacion, de manera independiente.’

El endotelio normal produce inhibidores de la coagulacion,
como son la trombomoduluina, el heparan sulfato y los activadores
del plasmindgeno. Estas propiedades antitrombogénicas se pierden
cuando las células endoteliales son estimuladas por los microorga-
nismos causales (;también por los virus del dengue?), algunos me-
diadores (citoquinas), o ambos. Las células endoteliales cumplen
una funcidn crucial en la regulacién de la hemostasia. La infeccion
por dengue induce la secrecion del activador del plasminogeno tisu-
lar (tPA) pero no del inhibidor 1 del activador del plasminégeno (PA
I-1) in vitro. La interleuquina 6 (II-6) es capaz de regular la produc-
cion de tPA inducida por los virus del dengue al nivel de endotelios.'

Coinfeccion y afectacion del aparato inmunolégico

A partir del cuarto dia de hospitalizacion, la principal condicién
asociada al fallecimiento de nifios con dengue fue la coinfeccion bac-
teriana, con neumonia demostrada o sin esta. Todos esos enfermos
estuvieron sometidos a elevados riesgos de adquirir infecciéon como
son las multiples venipunturas, multiples accesos venosos, venti-
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lacién mecanica y demas maniobras invasivas que con frecuencia
se aplican en las Unidades de Cuidados Intensivos. No obstante, la
condicidn favorecedora de infeccion sobreanadida a estos enfermos
graves probablemente haya sido el dafio a linfocitos T y 6rganos lin-
foides que son inducidos por los virus del dengue y conducen a una
afectacion transitoria de la inmunidad celular.

Afectacion particular de érganos

Un caso de esta serie mostrd un cuadro febril abigarrado en el
cual predominaba la afectacién de la conciencia sin signos de focali-
zacion, liquido cefalorraquideo claro y transparente con escasa celu-
laridad, franco predominio linfocitario y muerte inesperada. No se
le realiz6 autopsia, pero el estudio seroldgico en sangre mostré IgM
positiva a dengue. En 2005, durante una epidemia de DEN-3 en el
estado de Rondonia, Brasil, se identificé un grupo de pacientes con
manifestaciones neurologicas y diagndstico confirmado de dengue
—ninguno falleci6-, y en 2006, en Rio de Janeiro, a un adulto fallecido
quien habia presentado fiebre y coma a partir de una meningoence-
falitis aguda de probable causa viral, se le confirmo DEN-3 en el LCR
(Nicolai C, Direcciéon Municipal de Epidemiologia, Rio de Janeiro,
comunicacién personal). También con coma y convulsiones fallecié
una nifia de 10 afos en Asuncion, Paraguay, durante la epidemia
de 2007, con diagndstico molecular de DEN-3 (Bellassai ], Depar-
tamento de Patologia de la Universidad de Asuncién, comunicacion
personal). El dengue es capaz también de producir dafio hepatico,
miocardico, pulmonar y renal, tal como quedé evidenciado en los
estudios necrépsicos del presente grupo de casos fallecidos. Es dificil
de- terminar la contribucién que a la evolucion fatal de cada caso
hace la afectacion particular de un 6rgano determinado. En oca-
siones, se utiliza el termino "atipico” cuando existe un predominio
evidente de afectacion del higado,' del miocardio'* o del encéfalo.”
Otras “atipicidades” asociadas al dengue también han sido descri-
tas.” Mejor que atipicas, deben considerarse formas severas de den-
gue que se presentan con menor frecuencia que la FHD y sindrome
de choque por dengue.
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La afectacion hepatica por el dengue se ex- presa por elevacion
de las enzimas séricas (alanin y aspartato-aminotransferasas) que se
elevan 5 veces o mas por encima de sus valores normales."* Todos,
excepto uno de un grupo de nifos tailandeses fallecidos por dengue
tuvo elevacion de las transaminasas (TGP) de 68 a 4 800 U y valor
promedio de 1 214 U.”®

Las evidencias in vitro e in vivo sugieren que las células hepaticas
sufren apoptosis en res- puesta a la infeccién por virus dengue,'* de
modo semejante alo que ocurre por la infeccion del virus de la fiebre
amarilla, en la cual estudios recientes demuestran una prevalencia
del mecanismo de apoptosis sobre la necrosis y una respuesta infla-
matoria desproporcionadamente discreta.'”

¢Es posible evitar la muerte por dengue?

La demostracion de que el choque es la mas frecuente condi-
cion asociada al fallecimiento de nifios con dengue coincide con los
estudios realizados en nifios que fallecieron durante la epidemia de
DEN-2 en Cuba, en 1981. Cuando se reconstruyd la historia natural
de la enfermedad que sufrieron los menores de 15 afos fallecidos, se
encontro6 que el cuarto dia era el dia del choque y el quinto dia era el
dia de la muerte, mientras que casi todos los pacientes habian pre-
sentado durante el tercer dia de la enfermedad vémitos frecuentes,
dolor abdominal intenso y mantenido, irritabilidad o somnolencia,
signos que después fueron conside- rados como “de alarma” por
cuanto anunciaban la inminencia del choque.™®

Los signos de alarma anuncian el inicio del deterioro del pacien-
te, por lo cual deben ser tenidos en cuenta para iniciar la reposicion
de liquidos por via intravenosa, de modo precoz y enérgico, utili-
zando soluciones cristaloides principalmente. Esta medida terapéu-
tica puede ser salvadora. Estas orientaciones estan contenidas en las
Guias para la Prevencion y Control del Dengue y Dengue Hemorra-
gico publicadas por la Organizaciéon Panamericana de la Salud en
1995," las cuales mantienen su vigencia.*
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El presente estudio destaca la importancia del choque en el des-
encadenamiento de la muerte por dengue, aunque exista y se de-
muestre la afectacion de diversos aparatos y sistemas. Entonces, pre-
venir o tratar precoz y adecuadamente el choque puede significar
evitar la muerte, por cuanto se hace prevencion de otras complica-
ciones (grandes hemorragias, CID, fallo multiple de érganos), que
en realidad son complicaciones del choque prolongado y recurrente,
mas que complicaciones del dengue.
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