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Background. Cure rates among children with brain
tumors differ between low-income and high-income
countries. To evaluate causes of these differences, we an-
alyzed aspects of care provided to pediatric neuro-oncol-
ogy patients in a low middle-income South American
country.

Methods. Three methods were used to evaluate treat-
ment of children with brain tumors in Paraguay: (1) a
quantitative needs assessment questionnaire for local
treating physicians, (2) site visits to assess 3 tertiary
care centers in Asuncion and a satellite clinic in an un-
derdeveloped area, and (3) interviews with health care
workers from relevant disciplines to determine their per-
ceptions of available resources. Treatment failure was
defined as abandonment of therapy, relapse, or death.
Results. All 3 tertiary care facilities have access to che-
motherapy and pediatric oncologists but lack training
and tools for neuropathology and optimal neurosurgery.
The 2 public hospitals also lack access to appropriate ra-
diological tests and timely radiotherapy. These results
demonstrate disparities in Paraguay, with rates of treat-
ment failure ranging from 37% to 83% among the 3
facilities.

Conclusions. National and center-specific deficiencies in
resources to manage pediatric brain tumors contribute
to poor outcomes in Paraguay and suggest that both
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national and center-specific interventions are warranted
to improve care. Disparities in Paraguay reflect different
levels of governmental and philanthropic support,
program development, and socio-economic status of pa-
tients and families, which must be considered when de-
veloping targeted strategies to improve management.
Effective targeted interventions can serve as a model to
develop pediatric brain tumor programs in other low-
and middle-income countries.
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related childhood mortality in most high-income

countries (HIC) and is becoming increasingly im-
portant in low- and middle-income countries (LMIC),
including many in Latin America, because of continuing
improvements in public health that decrease infant and
childhood mortality associated with malnutrition and
infection."* Unfortunately, the 80% cure rate among
children with cancer in HIC does not apply to the
80% of pediatric patients in LMIC."

Studies have investigated barriers to care and
methods to optimize treatment of children with acute
lymphoblastic leukemia in LMIC. However, minimal
advances have been made to improve treatment of
children with brain tumors, the second most common
type of childhood cancer, largely because of under-
diagnosis, incorrect clinical assessment, and a lack of

Pediatric cancer is the leading cause of disease-
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availability of appropriate radiological, neurosurgical,
and radiotherapeutic services.”~* Moreover, these pa-
tients require multidisciplinary care for optimal out-
comes. A recent survey demonstrated that LMIC were
less likely to have dedicated teams or disease-specific
guidelines to deliver specialized care for children with
brain tumors.’ In this study, we evaluate the barriers
to care that exist for children with brain tumors in an
LMIC.

A partnership was formed between pediatric
hematology-oncology physicians in Paraguay and the
Children’s Hospital Los Angeles (CHLA) to develop a
pediatric brain tumor program to optimize diagnosis
and treatment of children with brain tumors based on
available resources. The first step in this process was to
accurately define these obstacles by a comprehensive
needs assessment.

Materials and Methods

To identify deficiencies in resources that would be ame-
nable to targeted interventions, access to care for chil-
dren with brain tumors was evaluated at 3 hospitals in
Asuncion, the capital of Paraguay, and 1 satellite clinic
in Eastern Paraguay.

Site Visits

A partnership was developed between pediatric oncolo-
gists from Paraguay and the Neural Tumors Program at
CHLA. An initial onsite evaluation was performed in
June 2009, followed by 2 subsequent site visits in 2010
for additional assessments. Two pediatric oncologists
and a pediatric oncology nurse from CHLA visited 3
participating tertiary care centers in Asuncion, the
Instituto de Prevision Social (IPS), Centro Materno
Infantil (CMI), and the Instituto Nacional de Cancer
(INC), and 1 satellite clinic in Ciudad del Este that is as-
sociated with CML. IPS is a social security facility for pa-
tients with governmental health insurance, and CMI and
INC are public hospitals for children without medical in-
surance. During these visits, the CHLA medical team
toured the facilities, met the faculty and administration,
and gave lectures on various topics relating to treatment
of children with brain tumors.

Key Informant Interviews

Key participants from relevant disciplines involved in
the treatment of children with brain tumors were identi-
fied and interviewed, including pediatric oncology, radi-
ology, pathology, radiotherapy, neurosurgery, and
palliative care specialists. Semi-structured interviews
were arranged in which each participant was asked to
comment on the overall status of the care provided at
their facility to children with brain tumors and the spe-
cific obstacles that they encountered in their particular
discipline. These data were gathered as written notations
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and analyzed in conjunction with the information from
the comprehensive needs assessment.

Development and Implementation of a Quantitative
Needs Assessment Questionnaire

The initial step in the design of the quantitative survey
was to identify key components of the multidisciplinary
team required for a pediatric brain tumor program, such
as pediatric oncology, neurosurgery, neuroradiology,
neuropathology, radiation oncology, nursing, and sup-
portive care services.”® A set of relevant questions was
developed on the basis of a list of appropriate topics to
evaluate available resources in each topic area. The
survey was designed to gather easily accessible, relevant
information in a manner that would be easy to compre-
hend and feasible to complete quickly. It consisted of a
series of closed-ended questions, followed by 3 open-
ended questions.

Initial questions focused on the quantity, training,
and availability of treating oncologists; the use of che-
motherapy protocols;”* and evaluation of neurosurgical
services, including the neurosurgeon’s experience and
training, availability of the necessary facilities and
equipment, and supportive peri- and postoperative
care.” Types of imaging tests available, quality of the
equipment, and time required to obtain necessary tests
were also assessed.® The ability to differentiate among
the various neuropathologies, which depends on the
availability, experience, and training of the pathologist
and availability of essential immunohistochemical
stains, was also addressed.” Questions regarding radio-
therapy focused on evaluation of safety and efficacy of
therapy based on the experience and training of staff in
the planning and administration of therapy, the avail-
ability and quality of the equipment used, and time to
initiation of therapy.

Aspects of supportive care were also assessed, includ-
ing infection control programs and access to medica-
tions."! Medication availability was evaluated vis a vis
a list of essential medications, including anti-cancer che-
motherapy, antimicrobials, anti-seizure drugs, anti-
emetics, and additional supportive care drugs based on
the World Health Organization list of essential medica-
tions updated in 2009.'%

The quality and availability of specialized nursing staff,
rehabilitation services, and physicians trained in palliative
care practices were also evaluated. Socioeconomic support
available to patients was evaluated, including housing,
food, transportation, and temporary employment.'''3

The questionnaire underwent preliminary expert
review prior to initial implementation. Reviewers in-
cluded 2 pediatric neuro-oncologists, 1 pediatric oncolo-
gist, and 1 infectious diseases physician, each with
experience in childhood cancer care in LMIC, and 1 pro-
fessor of preventive medicine who has additional exper-
tise in the development of needs assessment surveys.

The final questionnaire (see Supplementary material,
Appendix #1) was officially translated into Spanish and
completed by oncologists at the 3 facilities in Paraguay;
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several physicians from each hospital worked together to
complete 1 questionnaire for their hospital. The survey
was administered via E-mail, and results were discussed
through E-mail, phone contact, and online meetings.

Results

Site Visits

All 3 facilities are staffed by trained pediatric
hematologist-oncologists and have dedicated inpatient
areas for pediatric oncology patients and day clinics
for infusions and transfusions. Neither public hospital
has magnetic resonance imaging (MRI) available in the
hospital. Radiotherapy equipment is only available at
1 of the public hospitals, and the other 2 facilities rely
on contracts with a private facility to provide these ser-
vices to the majority of their patients. Both public hospi-
tals provide housing for families from out of town when
needed, although there is variability in the extent in
which they are able to offer these services.

The satellite clinic, located in Ciudad de Este, in the
eastern region of the country, covers a catchment area
that includes primary care clinics that refer patients for
management of potential malignancies. There is a con-
sultation office staffed by a pediatric oncologist and a
small infusion center that was scheduled to open
shortly after this study was completed. Patients who re-
ceived a diagnosis of a malignancy are referred to
Asuncion for initial treatment, followed by shared care
as appropriate. Patients with therapy-related complica-
tions are admitted to the community hospital in
Ciudad de Este and transferred to Asuncion for further
treatment if necessary.

Key Informant Interviews

Twelve physicians were interviewed: 4 pediatric oncol-
ogists, 1 radiologist, 2 neurosurgeons, 2 pathologists,
and 1 adult palliative care physician. Recurring
comments addressed the lack of a multidisciplinary
care approach, gaps in the referral pathway, and a
lack of awareness regarding the diagnosis and appropri-
ate treatment in the surrounding communities. Another
major obstacle is the lack of specialized training in neu-
ropathology and access to immunohistochemical stains,
which are not readily available in Paraguay. Lastly, it
was elicited that neurosurgeons were determined to
have adequate training but often lacked necessary
equipment and faced difficulties with postoperative sup-
portive care.

Quantitative Needs Assessment Questionnaires’

In the 3 facilities surveyed, 35—-50 children receive a
diagnosis of brain tumor each year. The majority of pa-
tients at 2 hospitals presented with localized disease, and

*See Supplementary material, Appendix #2 for complete 225
questionnaire results.
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public hospital 2 (PH2) reported that half of their pa-
tients presented with disseminated disease. All 3 facili-
ties are staffed by pediatric oncologists and reported
access to most of the necessary chemotherapy agents.
Two centers reported that few of their patients with
brain tumors had experienced relapse or abandoned
therapy over the previous 5 years, and public hospital
1 (PH1) reported that the majority of their patients aban-
doned therapy or had experienced relapse (Table 1).

Neurosurgical services are available at the social
security hospital (SSH) and PH2 but are not available
at PH1, where all patients receive their surgical care at
an outside facility. SSH and PH2 reported minimal
delays with initiation of either chemotherapy or radia-
tion therapy, whereas there were significant delays at
PH1. All 3 hospitals have trained pathologists;
however, none has subspecialty training in neuropathol-
ogy or access to essential diagnostic immunohistochem-
ical stains.

SSH has access to all the necessary imaging equip-
ment, and both public hospitals have only computerized
tomography (CT) and must rely on outside private facil-
ities for magnetic resonance imaging (MRI), which
affects timing and availability of these tests (Table 2).
There is variability in access to radiation therapy. PH1
has radiotherapy machines in the hospital but frequently
experiences the most significant delays (Table 3). PH2
has access to the public radiotherapy facilities, but as a
result of considerable delays, also contracts with a
private facility. SSH also uses a private facility.

As for supportive care, all 3 hospitals have a social
worker and psychologist and access to medications
for pain and palliative care services, although only 2
hospitals have a palliative care physician available
(Table 4). Few rehabilitation services are available at
2 hospitals, and only 1 hospital uses pediatric oncology
—trained nursing staff. Through private philanthropic
support, PH2 has increased availability of support ser-
vices, such as housing, transportation, and meals to
families.

Discussion

Paraguay is an LMIC with a population of 6.5 million
persons, ~35% of whom are <14 years of age.'* The
leading cause of mortality among children nationwide
is trauma, followed by cancer, except in rural areas,
where infections continue to be the second most
common cause of death.'> On the basis of this popula-
tion, there is an estimated incidence of 300—350 new
cases of childhood cancer per year. However, of those
who receive a diagnosis, only 50% survive more than
a few months after diagnosis, and prior to current inter-
ventions, many abandoned therapy.'®!” According to
preliminary data, this is particularly a problem in chil-
dren with brain tumors among whom treatment failure
rates range from 37% to 83%, as defined by relapse,
progression, abandonment of therapy, or death.

On the basis of the results of the comprehensive needs
assessment, common and discrete deficiencies in resourc-
es available for the treatment of children with brain
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Table 1. Epidemiology results of the quantitative questionnaire

Variable SSH PH1 PH2

Patients per year 10-15 15-20 13-16

Pediatric oncologists Yes Yes Yes

Essential medications Yes Yes Yes

Patients that present with metastatic disease Few (1%-35%) Few (1%-35%) Half (36% -66%)

Overnight physician coverage Pediatric resident None Pediatric Hematologist —Oncologist

Few (1%-35%)
Few (1%-35%)

Patients that relapse per year
Patients that abandon therapy per year

Few (1%-35%)
Few (1%-35%)

Majority (66%—99%)
Half (36% -66%)

Abbreviations: SSH, Social Security Hospital; PH1, Public Hospital #1; PH2, Public Hospital #2.

Table 2. Radiology results of the quantitative questionnaire

Variable SSH PH1 PH2
Imaging availability in the hospital CT & MRI Scans CT Scan only CT Scan only
Quiality of machines Very good Very good Very good
Time to obtain
In-patient CAT Scan 2-7d 2-7d 1d
In-patient MRI Scan 2-7d Not available 1-2 wk
Out-patient CAT Scan 1-2 wk 2-3mo 2-7d
Out-patient MRI Scan 1 mo 2-3mo 1 mo
Availability of anesthesia for optimal imaging test Yes Yes Yes

Abbreviations: SSH, Social Security Hospital; PH1, Public Hospital #1; PH2, Public Hospital #2; CT, computed tomography; MRI, magnetic

resonance imaging.

tumors in Paraguay were identified. Under-diagnosis
and delayed diagnosis of pediatric cancer, particularly
brain tumors, is a significant problem in Paraguay, as
in other LMIC.**'%!? On the basis of a pediatric pop-
ulation of ~2.3 million, one would expect ~70-80
new diagnoses of pediatric brain tumor each year in
Paraguay,”®?! but according to these data, only half
that number (35-50) are diagnosed. Although a small
percentage of patients receive a diagnosis and are
treated at private facilities, 1 other major children’s
hospital, and neighboring countries, a significant
portion of brain tumors in children remain undiag-
nosed. Recognizing that the overwhelming majority of
children who do not receive a diagnosis will subse-
quently die of their malignancy, one can predict that
the mortality rate among these children is dramatically
higher than that currently documented. In addition, one
of the public hospitals noted that approximately half of
their patients present with disseminated disease, which
is significant considering that cure rates are diminished
in patients with extensive disease.””

Although there are newly developed hospital-based
registries and personal databases, there is no national
tumor registry for brain tumors. Consequently, there is
a lack of data regarding patient outcomes and complica-
tions, and these results are merely an approximation of
incidence and outcomes for pediatric brain tumors in
Paraguay. The lack of concrete data makes advances
in care more challenging. For this reason, implementa-
tion of a data management program is a key element
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of the strategy that has been developed on the basis of
this study.

Delays in diagnosis and treatment are attributable to
a variety of factors. One possible barrier is the lack of
recognition of presenting signs and symptoms among
community health care workers.”*** Deficiencies may
exist in the referral pathway because of a lack of knowl-
edge regarding the availability of specialized care and
lack of communication with the referral centers. As a
result, there are patients who never enter the pediatric
oncology system and whose outcomes are unknown
(but likely poor). For example, a patient with a history
of a surgically removed posterior fossa mass was not
initially referred to a pediatric oncologist and did not
receive any additional therapy or follow-up. This
patient presented 2 years later with a second posterior
fossa mass found to be an anaplastic ependymoma,
which may have been a relapse from initial presentation,
and the patient subsequently died of treatment-related
complications. Misperceptions regarding efficacy of
available therapy may also prevent referral and subse-
quent treatment.

Common deficiencies in neuropathology in Paraguay
were demonstrated, including a lack of subspecialty-
trained neuropathologists and access to essential im-
munohistochemical stains that are essential to maximize
diagnostic accuracy, which impacts the efficacy of the
therapy administered.” A patient with a large suprasellar
tumor received an initial diagnosis of a pituitary carcino-
ma but was then re-evaluated after further discussion in
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Variable SSH PH1 PH2

Are radiation therapy machines available ~ No Yes No
in your hospital

If not available, where do your patients Outside private facility N/A Public hospital #1 or outside
receive radiation therapy private facility

Who pays for the radiation therapy Hospital Hospital Foundation

Which types of machines are available to

your patients machine

How would you rate the quality of these
machines

Acceptable

What type of irradiation therapy is

available to your patients irradiation

With CT-Scan
(3-dimensional)

How is simulation performed for radiation
therapy planning

How often is there a delay in initiation of
radiation therapy

Sometimes

Linear accelerator and cobalt

2-dimensional and conformal

Linear accelerator and Linear accelerator and cobalt

cobalt machine machine
Acceptable Good
2-dimensional irradiation 2-dimensional and conformal
irradiation
With CT-Scan Unknown
(3-dimensional)
Almost always Sometimes

Abbreviations: SSH, Social Security Hospital; PH1, Public Hospital #1; PH2, Public Hospital #2; CT, computed tomography.

Table 4. Supportive care results of the quantitative questionnaire

Variable SSH PH1 PH2
Is there a palliative care program Adult program  Adult program No
Are there rehabilitation services Some None Some
Is there an Intensive Care Unit available Yes (7 beds) No Yes (11 beds)
Are there psychosocial services available Yes Some Yes
Do nurses receive specialty training in pediatric No No Yes
oncology
Is there family support (housing, meals, transportation, No Some Yes
temporary employment)
What is the average distance your patients travel to 1-7h >4h 3-4h
get to the medical center
Who pays for therapy Insurance Hospital and non-profit Patient/family, hospital, and

foundation non-profit foundation

Abbreviations: SSH, Social Security Hospital; PH1, Public Hospital #1; PH2, Public Hospital #2.

an online meeting. The child subsequently received a
diagnosis of a pituitary adenoma based on expert
review of the pathology and supporting immunohisto-
chemical stains, demonstrating how these resources
may dramatically impact patient diagnosis and treat-
ment, considering that these 2 entities are treated
differently.

The low rates of gross total resection and increased
rates of infection found at 2 of the participating hospitals
in preliminary data may reflect some of the deficiencies
in neurosurgery, including availability of appropriate
equipment, and education regarding postoperative man-
agement. A common scenario for patients with medullo-
blastoma is a lack of gross total resection and the
consequent requirement to treat on a high-risk protocol,
thereby increasing their exposure to radiation and
chemotherapy and the risk for relapse. An 8-year-old
child who received a diagnosis of medulloblastoma
was found to have only a 30% reduction in tumor size
after surgery and ultimately required not only high-risk

therapy, but also a second surgery. A recent study
clearly demonstrates that patients with medulloblasto-
ma who have a postoperative residual tumor >1.5 cm?”
had a significantly inferior prognosis, compared with pa-
tients with a residual tumor <1.5 cm? (EFS 0.68 + 0.08
vs. 0.86 + 0.02, P < .01), indicating the importance of
complete resection whenever possible.”’

Neurosurgical outcomes are complicated further by
high rates of nosocomial infections, noted recently to
be a more frequent cause of mortality than the underly-
ing disease in 1 of the participating hospitals. Studies
have demonstrated that pediatric neurosurgical experi-
ence, the necessary tools and operating room infrastruc-
ture, and supportive care are associated with higher rates
of complete resection and improved patient outcomes,
indicating that these resources are necessary for appro-
priate patient treatment.”

There was also significant variation in the resources
available to patients treated at the 3 different facilities
in Paraguay. The public hospitals have decreased access
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to optimal neuro-imaging studies, specifically MRI
scans, which are essential for neurosurgical guidance
and assessment of extent of resection. Decreased access
to appropriate, timely radiotherapy was also noted at
all 3 facilities, although more significantly at the public
facilities. A recent study involving patients with medul-
loblastoma clearly indicates that patients with a delay
in radiation therapy of >49 days had poorer outcomes
than did those who initiated therapy within 49 days
(EFS 0.67 + 0.09 vs. 0.81 + 0.02, P =.04).%° Although
there are radiotherapy machines available at 1 of the
public hospitals, the lack of access for the pediatric pa-
tients and the below-average quality of the machines
used may lead to suboptimal care.'®*® For example,
after completion of therapy, 1 patient with high-risk me-
dulloblastoma was discovered to have received an insuffi-
cient dose of radiotherapy and subsequently relapsed
within 6 months of completing chemotherapy.

There were discrepancies in the socioeconomic support
provided to patients and families. PH2, through organiza-
tion, program development, and substantial private phil-
anthropic foundation support, provides food, housing,
transportation, and temporary employment for patients’
families, which may have contributed to their recent
decrease in treatment abandonment rates and improved
patient outcomes, because abandonment is a leading
cause of treatment failure.'> PH1 continues to strive to
provide these resources to their patients and families in
need but currently lacks sufficient resources to meet
their patients’ needs, which may contribute to their
higher rates of relapse and abandonment. Addressing
some of these issues may diminish this problem and
improve patient outcomes. The SSH does not provide
these services; however, their higher socioeconomic
patient population often does not require this kind of
support.

Potential Interventions

The development of ReNaci, a childhood cancer
network; establishment of a twinning program with a
major pediatric oncology program in Madrid; and im-
plementation of regional satellite clinics affiliated with
PH2 has already begun to address the problem of under-
diagnosis of pediatric cancer in Paraguay. Building on
what has already been initiated will enable us to increase
awareness regarding pediatric brain tumors in particu-
lar. Educational seminars are being developed for local
clinicians and surgeons to address presenting signs and
symptoms of brain tumors in children, the availability
of treatment in Paraguay, and how to navigate the refer-
ral pathway. Efforts are underway to increase awareness
regarding pediatric brain tumors in Paraguay, including
the first Spanish-language International Pediatric Brain
Tumor Symposium held in Asuncién, Paraguay, in
August 2010. Through educational lectures, small
group sessions, and case presentations, the collaborative
approach to patient care was emphasized to facilitate de-
velopment of local multidisciplinary teams and provide
more comprehensive care. Developing and strengthening
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a local multidisciplinary team, in which cases are dis-
cussed before initiation of any intervention, may improve
outcomes.”®

In Paraguay, the nationwide deficiency in training in
neuropathology affects diagnostic accuracy and, thereby,
impacts management and patient outcomes. A systematic
central review of pathology specimens, which could ini-
tially start at an experienced partner institution while de-
veloping local expertise, should be established to address
this issue. In addition, a list of essential immunohisto-
chemical stains will be developed and used to petition
for increased access through the health ministry.

Lastly, national treatment guidelines based on avail-
able resources should be developed. Results from a
Web-based survey indicated a lower availability of
disease-specific guidelines in LMIC, even though it has
been well established that uniform guidelines contribute
to improved patient outcomes.>'>*” Therefore, in an
effort to standardize care in Paraguay, the development
of treatment guidelines for the more common pediatric
brain tumors based on available resources has been ini-
tiated. Important considerations when developing guide-
lines for LMIC include their ability to address treatment
toxicities, timing of initiation of radiotherapy, and
prudent use of limited imaging resources, particularly
advanced modalities, such as MRI.

Global Use of the Survey

The ultimate goal is to develop a model that can be used
in similar LMIC settings. For global use of these assess-
ment tools, rigorous validation is required to ensure ap-
plicability, feasibility, and utility, after which they can
be implemented in other LMIC with similar demograph-
ic characteristics to evaluate the state of pediatric brain
tumor management on a wider scale. Treatment guide-
lines developed can be made available to other LMIC
for use if found to be locally applicable.

Conclusions

These data demonstrate common and discrete deficien-
cies in resources available for the treatment of children
with brain tumors in 3 treating facilities in Paraguay.
Moreover, it appears that poor outcomes are associated
with lack of resources and support. These findings will aid
in the development of targeted strategies, such as increased
training and tools for neuropathology and improved access
to neuro-imaging and radiotherapy, to improve early diag-
nosis and optimal therapy. Interventions to increase family
support may also improve outcomes, because this is a factor
that has been shown to be effective in Paraguay and other
LMIC."****” Some supportive measures already in place
include the development of local multidisciplinary teams,
commencement of online conferences, and the implementa-
tion of standardized treatment guidelines. If effective, these
strategies will serve as a model for the development of pedi-
atric brain tumor programs in similar low-income settings.



Supplementary Material

Supplementary material is available at Neuro-Oncology
Journal online (http://neuro-oncology.oxfordjournals.

org/).

Acknowledgments

We thank Dr. Eric Bouffet, Dr. Ibrahim Qaddoumi,
Dr. Stewart Kellie, and Dr. Blanca Diez, for reviewing
the quantitative needs assessment questionnaire; the

Baskin et al.: Management of brain tumors in Paraguay

My Child Matters program; Sanofi Espoir Foundation;
Union for International Cancer Control; the TUCCA
Foundation; and Dr. Reddy Simon and Dr. Luis
Gonzalez, for their support

This work was presented at International Society of
Paediatric Oncology SIOP XXXXII Congress, Boston,
MA, October 21-24, 2010 (Poster and oral presentation).

Conflict of interest statement. None declared.

References

1. Wagner HP, Antic V. The problem of pediatric malignancies in the de-
veloping world. Ann N Y Acad Sci. 1997,824:193-204.

2. Barr R, Ribeiro R, Agarwal B, Masera G, Hesseling P, Magrath I.
Pediatric oncology in countries with limited resources. In: Pizzo, PA,
Poplack, DG, eds. Principles and Practice of Paediatric Oncology.
Philadelphia: Lippincott Williams & Wilkins; 2006:1604-1616.

3. Stiller CA, Nectoux J. International incidence of childhood brain and
spinal tumours. Int J Epidemiol. 1994;23(3):458-464.

4. Reutfors J, Kramarova E, Weiderpass E, Monge P, Wesseling C, Ahlbom
A. Central nervous system tumours in children in Costa Rica, 1981-96.
Paediatr Perinat Epidemiol. 2002;16(3):219-225.

5.  Qaddoumi I, Unal E, Diez B, et al. Web-based survey of resources for
treatment and long-term follow-up for children with brain tumors in de-
veloping countries. Childs Nerv Syst. 2011;27(11):1957—-1961.

6. Messing-Jinger AM, Janssen G, Pape H, et al. Interdisciplinary treat-
ment in pediatric patients with malignant CNS tumors. Childs Nerv
Syst. 2000;16(10-11):742-750.

7. Albright AL, Sposto R, Holmes E, et al. Correlation of neurosurgical sub-
specialization with outcomes in children with malignant brain tumors.
Neurosurgery. 2000;47(4):879-885; discussion 885-887.

8. Panigrahy A, Bliml S. Neuroimaging of pediatric brain tumors: from
basic to advanced magnetic resonance imaging (MRI). J Child
Neurol. 2009;24(11):1343-1365.

9. Pfister S, Hartmann C, Korshunov A. Histology and molecular pathology
of pediatric brain tumors. J Child Neurol. 2009;24(11):1375-1386.

10. Barton MB, Frommer M, Shafiq J. Role of radiotherapy in cancer control
in low-income and middle-income countries. Lancet Oncol. 2006;7(7):
584-595.

11. Gupta S, Bonilla M, Fuentes SL, et al. Incidence and predictors of
treatment-related mortality in paediatric acute leukaemia in El
Salvador. Br J Cancer. 2009;100(7):1026—-1031.

12. WHO list of essential medications-updated 2010. Available at: http://
www.who.int/medicines/publications/essentialmedicines/Updated_
sixteenth_adult_list_en.pdf. Accessed April 10, 2012.

13. Arora RS, Eden T, Pizer B. The problem of treatment abandonment in
children from developing countries with cancer. Pediatr Blood Cancer.
2007;49(7):941-946.

14. World Bank Data information sheet: Paraguay. Available at: http://
data.worldbank.org/country /paraguay. Accessed April 10, 2012.

15. Regional Core Health Data System - Country Profile: PARAGUAY.
Available at: http://www.paho.org/English/sha/prflpar.htm. Accessed
April 10, 2012.

16. Establishment of a Childhood Cancer Network | Union for International
Cancer Control. Available at: http://www.uicc.org/programmes/
establishment-childhood-cancer-network. Accessed April 10, 2012.

17. Burton A. The My Child Matters Awards: new funding, new countries,
new hope. Lancet Oncol. 2009;10(3):216-217.

18. lzuora Gl, lkerionwu S, Saddeqi N, lloeje SO. Childhood intracranial
neoplasms Enugu, Nigeria. West Afr J Med. 1989;8(3):171-174.

19. Wanyoike PK. Posterior cranial fossa tumours in children at Kenyatta
National Hospital, Nairobi. East Afr Med J. 2004;81(5):258-260.

20. SEER data; CNS and miscellaneous intracranial and intraspinal neo-
plasms. Available at: http://seer.cancer.gov/publications/childhood.
cns.pdf. Accessed April 10, 2012.

21. SEER registry data; Age-adjusted SEER cancer incidence and US
death rates, 2003-2007. Available at: http://seer.cancer.gov/csr/
1975_2007 /results_single /sect_28_table.01.pdf. Accessed April 10,
2012.

22. Dhall G. Medulloblastoma. J Child Neurol. 2009;24(11):1418-1430.

23. Howard SC, Metzger ML, Wilimas JA, et al. Childhood cancer epidemi-
ology in low-income countries. Cancer. 2008;112(3):461-472.

24. Workman GM, Ribeiro RC, Rai SN, Pedrosa A, Workman DE, Pedrosa F.
Pediatric cancer knowledge: assessment of knowledge of warning signs
and symptoms for pediatric cancer among Brazilian community health
workers. J Cancer Educ. 2007;22(3):181-185.

25. Lannering B, Rutkowski S, Doz F, et al. Hyperfractionated versus con-
ventional radiotherapy followed by chemotherapy in standard-risk me-
dulloblastoma: results from the randomized multicenter HIT-SOP PNET
4 trial. J Clin Oncol. 2012;30(26):3187-3193.

26. Zubizarreta EH, Poitevin A, Levin CV. Overview of radiotherapy re-
sources in Latin America: a survey by the International Atomic Energy
Agency (IAEA). Radiother Oncol. 2004;73(1):97-100.

27. Ribeiro RC, Bonilla M. A leukaemia treatment programme in El
Salvador. Lancet. 2000;356(suppl):s7.

NEURO-ONCOLOGY * FEBRUARY 2013 241


http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nos291/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nos291/-/DC1
http://neuro-oncology.oxfordjournals.org/lookup/suppl/doi:10.1093/neuonc/nos291/-/DC1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


