
ORIGINAL PAPER

Web-based survey of resources for treatment and long-term
follow-up for children with brain tumors in developing countries

Ibrahim Qaddoumi & Ekrem Unal & Blanca Diez &

Rejin Kebudi & Yuri Quintana & Eric Bouffet &
Guillermo Chantada

Received: 15 January 2011 /Accepted: 3 May 2011 /Published online: 17 May 2011
# Springer-Verlag 2011

Abstract
Introduction Information about pediatric survivors of brain
tumors in developing countries is scant.
Purpose In this study, we aimed to investigate the
availability of resources for treatment and long-term
follow-up of children with central nervous system tumors
in developing countries.
Materials and methods A web-based questionnaire on
available services and follow-up of brain tumor survivors
was posted at www.cure4kids.org, and registered users
were invited to participate.
Results A total of 140 evaluable responses from developing
countries (n=103) and high-income countries (n=37) were
obtained. There was a significant correlation between gross
national income and the availability of services for
treatment and follow-up and between patient load and the
availability of some services.

Conclusion The resources for treatment and long-term
follow-up of children with brain tumors need to be
improved in developing countries.
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Introduction

In developed countries, many children with brain tumors
survive [18] with risk of complications; so, dedicated
follow-up programs have been implemented [3, 7]. Only
limited data on incidence [9, 10] and survival [1, 17] for
children with brain tumors in developing countries (DCs)
are available, and none is available on long-term follow-up
(LTFU).
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As seen in other malignancies [5], there may be significant
differences among DCs in resource availability and outcome
related to their degree of development. Therefore, after the
publication of a survey from the Children's Oncology Group
(COG) depicting the situation in North America [4], we
investigated the availability of resources for treatment and
LTFU of children with CNS tumors in DCs.

Methods

A questionnaire based on a survey conducted at the COG [4]
was posted on Oncopedia, a pediatric oncology education
cases and discussion forum at the www.cure4kids.org
website used by over 4,000 health professionals. A link to
the full text publication of the results of the COG survey was
provided. This survey was available for 1 month, and two
invitations were sent to cure4kids users via email. Only one
response was evaluated from each participating center.

Countries were classified as per the World Bank into:
low-, middle-, and high-income countries (LICs, MICs, and
HICs). MICs are further divided into low or upper middle-
income countries (LMICs and UMICs). For comparison
with the COG and HIC institutions, LICs and MICs were
grouped as DCs. For comparison among DCs, we grouped
LICs and LMICs (and this group is referred to as L-LMICs)
and compared them with UMICs.

Contingency tables were constructed, chi-square or
Fisher exact tests were used for categorical variables, and
the Mann–Whitney test was used for continuous variables.
The p values lower than 0.05 were considered significant.

Results

Characteristics of responding centers

A total of 151 users returned the survey. Eleven responses
were excluded due to duplication; therefore, a total of 140
surveys were evaluable including LICs (n=6; Asia=5,
Africa=1), LMICs (n=39; Asia=26, Central America=5,
South America=4, and Africa=4), UMICs (n=58; South
America=28, Central America and Mexico=16, Asia=7,
Europe=5, and Africa=2), and HICs (n=37; Europe=12,
USA=13, Arabian Gulf=5, Australia=3, Israel=2, and
Canada=2).

Comparison among different groups according to yearly
patient load

Centers from DCs had a significantly higher load of
pediatric oncology patients than those of the COG survey
(Table 1). However, there were no significant differences in

the size of their neuro-oncology programs. The same was
true among the DC group centers (Table 2).

Available resources for treatment of pediatric brain tumors

Children in DC centers had less access to a dedicated team
and disease-specific guidelines for brain tumors (Table 1).
Within the DC group, children in UMICs had greater access
to such resources (Table 2).

Interestingly, within DCs, the number of patients with brain
tumors treated per year positively influenced the availability
of a dedicated team (20/61 in centers seeing <15 patients/year
and 28/42 in centers seeing ≥15 patients/year, p<0.001) and
disease-specific guidelines (36/61 in centers seeing <15
patients/year and 35/42 in centers seeing ≥15 patients/year,
p=0.004).

Programs for long-term follow-up of pediatric brain tumor
patients

A dedicated LTFU team was significantly less available in
DCs compared to HICs (Table 1). However, there were no
significant differences among UMICs and L-LMICs
(Table 2). Children and survivors over 21 years from DCs
were less likely to be followed up by a dedicated neuro-
oncology follow-up program than were those treated at
centers in HICs responding to our survey (Table 1).

Resources for long-term follow-up of pediatric brain tumor
patients

Only a minority of institutions in LICs were able to offer
formal neuropsychological evaluation at the time of
school entry or >2 years after radiotherapy. The avail-
ability of this service correlated significantly with the
presence of a dedicated neuro-oncology team (p=0.02),
but no correlation was found with the size of the program
or the country's economical classification within the DC
subgroup (Table 1).

Routine growth hormone (GH) replacement was offered
significantly less frequently at centers in DCs compared to
HICs (Table 1) and in fewer L-LMICs compared to UMICs
(Table 2). Moreover, in 16 out of 63 centers from DCs
where GH was available, the cost of the drug must be
covered by the affected families or foundations, so not all
patients have access to it.

Perceived barriers to follow-up of childhood brain tumor
survivors

The perceived barriers (i.e., limited access or lack of
insurance, lack of funding or dedicated time for survivors,
patient's uncertainties, patient's desire, inability to locate
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Table 2 Comparison of centers from L-LMIC and UMIC regarding center characteristics and availability of treatment and follow-up resources

L-LMIC (n=45) UMIC (n=58) p value

# of pediatric oncology patients per year (≥150 cases/year)

<0.0001

<49 11 17

50–99 5 22

100–149 4 10

150–199 4 3

>200 21 6

# of brain tumor patients per year (≥30 cases/year)

0.34

<4 10 9

5–14 15 27

15–29 7 11

30–49 5 7

>50 8 4

Dedicated brain tumor team Yes, 17 (37.8%) Yes, 31 (53.4%) 0.08

Dedicated LTFU clinic for pediatric oncology patients in general Yes, 28 (62.2%) Yes, 41 (70.7%) 0.2

Availability of follow-up programs for survivors >21 years in the setting Yes, 18 (40%) Yes, 30 (51.7%) 0.16

Availability of institutional treatment guidelines for the different
brain tumors

Yes, 24 (33.8%) Yes, 47 (66.2%) 0.002

Availability of GH Yes, 22 (48.9%) Yes, 41 (70.7%) 0.02

L-LMC low- and mid-income countries, UMIC upper middle-income countries, HIC high-income countries, LTFU long-term follow-up, NS
neuropsychological, GH growth hormone

Table 1 Comparison between three groups: COG [9] (n=145), Oncopedia responders from HICs (n=37), and our group from DCs (n=103)

DCs (n=103) vs. COG
(n=145)

DCs (n=103) vs. HIC
(n=37)

Centers seeing ≥150 newly diagnosed pediatric oncology patients per year 34 (33%) vs. 24 (16.5%) 34 (33%) vs. 10 (27%)

p=0.004 p=0.6

Centers seeing ≥15 newly diagnosed brain tumors patients per year 42 (40.7%) vs. 60 (58.2%) 42 (40.7%) vs. 22 (32%)

p=0.9 p=0.07

Centers with dedicated NO NA 48 (46.6%) vs. 27 (73%)

p=0.004

Availability of a general LTFU team NA 69 (67%) vs. 33 (89.2%)

p=0.006

Dedicated NO LTFU team for children 8 (7.7%) vs. 43 (29.6%) 8 (7.7%) vs. 8 (21.1%)

p=<0.001 p=0.03

Availability of disease-specific guidelines for the treatment of children
with brain tumors

NA 71 (68.9%) vs. 36 (97.3%)

p<0.001

Dedicated NO LTFU team for >21 years 14 (13.6%) vs. 42 (30%) 14 (13.6%) vs. 12 (31.6%)

p=<0.001 p=0.02

Formal NS evaluation in >50% of irradiated children 9 (8.7%) vs. 78 (53.7%) 9 (8.7%) vs. 17 (45.9%)

p<0.001 p<0.001

Availability of GH NA 63 (61.2%) vs. 35 (94.6%)

p<0.001

LMC low- and mid-income countries, COG Children Oncology Group, HIC high-income countries, NO neuro-oncology, LTFU long-term follow-
up, NS neuropsychological, GH growth hormone, NA not assessed
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adult survivors) did not differ significantly between
countries' subgroups, but the inability to locate survivors
was significantly perceived more frequently as a barrier in
our survey compared to the COG study (p<0.001).
However, there were no significant differences when
compared to the group from HIC that completed our survey.

Discussion

Differences in treatment resources between DCs and HICs
or COG institutions included a significantly lower avail-
ability of a dedicated neuro-oncology team and disease-
specific treatment guidelines in DCs. There were also
differences among the different subgroups of DCs, since
UMICs were significantly more likely to have treatment
guidelines and a trend for a dedicated neuro-oncology
program compared to L-LMICs.

Indicators of country development play a critical role in
childhood cancer survival [5, 12, 19], and even though we
have not assessed survival in our study, the limited
availability of treatment resources found in our study may
indicate a worse survival in DCs. Centers in DCs had a
significantly higher patient load than centers in HICs and
than COG centers. An interesting finding in our study is the
positive impact of patients' load on some of the services
available for children with brain tumors. Although income
classification of the country influenced the availability of
disease-specific treatment guidelines in DCs, such impact
of income could be ameliorated by the development of
large supraregional neuro-oncology programs in DCs. It is
indeed important to treat pediatric brain tumors in special-
ized units because these children require special neurosur-
gical [2], neuroradiological [16], neuropathological [8], and
radiation oncology [6] expertise. Such expertise is affected
by the number of patients treated [6, 16]. Concentrating
care in large centers has the advantages of cost effective-
ness, comprehensive care, enough patient number to create
disease-specific subspecialties, and many other benefits.
On the other hand, such concentration may deprive
underserved populations who cannot reach such centers
due to distance, transportation, or financial obstacles [15].
Therefore, consideration in DCs for housing, transportation,
and financial coverage should be considered when establish-
ing specialized cancer centers or units to provide equal
opportunity for all patients to be treated at these centers.

However, even in centers with more than 15 children
with brain tumors a year, disease-specific guidelines were
not available in half of the cases. Different studies have
documented the positive impact of place of treatment and
use of standard treatment guidelines on cancer survival in
children [6, 11, 14]. Also, Ribeiro et al. [19] showed that a
subgroup of DCs could improve childhood cancer survival

through concentrated pediatric oncology units, creating
local support, and other strategies. Twinning initiatives that
proved successful for leukemias and other solid tumors may
be implemented to improve the care that children with CNS
tumors receive worldwide [13].

There is an increasing interest from different groups like
the Society of Neuro-oncology to encourage twinning
initiatives for brain tumors in DCs. Our study provides
baseline data that may help guide such efforts more
effectively.

Our study also detected significant differences in the
availability of LTFU resources for survivors of brain tumors
in DCs. DCs were significantly less likely to have LTFU
services, a dedicated LTFU by a neuro-oncology service,
and LTFU after reaching 21 years old compared to their
counterparts in HICs. The same was also true for
availability of neuropsychological testing and GH. Treat-
ment of children with CNS tumors is associated to long-
term sequelae such as GH deficiencies as well as neuropsy-
chological deficits [3, 7], and efforts to improve the adequate
care of survivors should be encouraged. We also found that
the inability to locate survivors was perceived as a more
important barrier for the follow-up of survivors in our
setting. Affected families become lost to follow-up more
frequently in DCs as reported for other tumors [5].

Though collected through an innovative resource, our
results have limitations. Procurement of data from DCs is
limited by the lack of national data, cooperative groups, and
national registries [13, 19]. Even though our website has a
global outreach, some areas of the world that have stronger
links to the St. Jude Children's Research Hospital Interna-
tional Outreach Program might have been overrepresented.
Participation in the survey did not imply that the responses
were the official data from each institution, and there may
be inaccuracies in the responses. Therefore, surveying
professionals related to pediatric oncology from DCs using
dedicated websites like Oncopedia may be considered as an
alternative to procure data from DCs that are difficult to
obtain by other ways.
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