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Abstract

Aim: To determine the epidemiological, clinical, and therapeutic characteristics of
patients treated for oncological disease at the Hospital Nacional de Ninos “Dr. Carlos
Saenz Herrera” and received external radiotherapy, during the period from January 2015
to December 2016.

Methods: it is an observational, descriptive study of a series of cases of pediatric patients
with an oncologic diagnosis, who received radiotherapy and were treated for a period of
2 years. Clinical records were reviewed to obtain the data retrospectively, according to
the variables of interest. Demographic data, tumor type, anatomical site irradiated, need
for anesthesia and waiting time was recorded. A descriptive analysis of the qualitative
and quantitative variables was applied.

Results: a total of 117 patients who received radiotherapy were analyzed, of whom
59.0% were men. The average age was 7.7 years. Leukemias and the brain tumors group
were the most frequently irradiated tumor types; being the central nervous system the
most treated anatomical site, in 56 patients (40.6%). Curative radiotherapy was more
frequent than palliative. In 34 patients (29.1%) anesthesia was required. All patients had
to wait for the start of their treatment and in a minority the reason was recorded as a
non-clinical condition of the patient.

Conclusion: In pediatric oncology, radiotherapy is a treatment modality used
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predominantly with curative purposes in patients of different ages and both sexes,
most commonly with brain tumors and leukemia; some young patients may require
anesthesia during treatment. In a minority of patients, the waiting time for the start of
their treatment was attributed to non-clinical factors.
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Childhood cancer is a rare entity whose incidence is increasing.! In Costa Rica,
pediatric oncology care is centralized, and therefore, according to data recorded in
the Hemato-oncology Department of the Hospital Nacional de Ninos “Dr. Carlos
Sdenz Herrera” (HNN) of the Caja Costarricense de Seguro Social (CCSS), 1,389
new cases of cancer were diagnosed in children under 13 years of age between 2007
and 2016; the most common diagnosis being leukemia, followed by central nervous
system (CNS) tumors and, in third place, lymphomas.



Pediatric Radiotherapy

Radiation therapy is one of the mainstays in
the treatment of some childhood cancers; up to 50%
of pediatric patients may require this therapy during
the course of their disease. Radiotherapy can be used
as a single or combined treatment modality. **

Ionizingradiationtherapyhasparticularities
and challenges when applied to children; from
the heterogeneity of tumors, the differences
inherent to the patient’s age, the varying degrees
of maturity, the need for immobilization for
adequate and safe treatment, the need for general
anesthesia and the psychosocial aspects of the
patient and his or her family.!

The curative indication of treatment aims
to eliminate the tumor and reduce the risk of
recurrence, while the palliative intention aims only
to alleviate the symptoms to improve the patient’s
quality of life.

Linear accelerators are currently the most
widely used equipment in external radiation therapy
to deliverionizing radiation, via photons or electrons.
The radiation dose is prescribed in Gray units (Gy),
which represent the amount of energy deposited in
tissue. The total dose is divided and administered in
different sessions; this is known as fractionation. >°

Adequate positioning and immobilization
of the patient are necessary during the planning
and each radiotherapy session to guarantee the
effectiveness of the treatment and to avoid toxicity
as much as possible.>* However, this can be a
problem in children, due to their age, maturity, or
anxiety level. Children under 3 years of age do not
usually lie still for long periods, so they frequently
require sedation or general anesthesia during
treatments for adequate immobilization. The use of
anesthesia adds potential risks and challenges, so
it should be performed by an experienced pediatric
anesthesiologist, if possible.!:

There is little information about pediatric
radiotherapy in the international literature and,
in Costa Rica, there is only one previous study on
the subject.” Waiting times for radiotherapy have
increased worldwide and this harms the prognosis
and survival of these patients. 8

The objective of this study was to describe
the epidemiological, clinical, and therapeutic
characteristics of pediatric patients with oncologic
diagnoses treated at the Hospital Nacional de

Ninos “Dr. Carlos Sdenz Herrera” and received
external radiotherapy as part of their therapeutic
management, during the period from January 1,
2015, to December 31, 2016.

Methods

This is an observational and descriptive study.
Information was collected retrospectively from the
clinical records of pediatric patients with oncologic
diagnoses, who were treated at the HNN and who
received radiotherapy, during the period from
January 1, 2015, to December 31, 2016.

Data were recorded using a data collection
sheet, which included the following study variables:
sex, age, type of tumor, anatomical site irradiated,
indication for radiotherapy (curative or palliative),
need for anesthesia, waiting time for treatment
initiation, and reason for the delay in treatment
initiation. Cases whose records presented less than
50% of the variables of interest were excluded, as
well as cases who did not complete treatment with
radiotherapy due to the death of the patient.

The ideal scenario is for patients to start
radiotherapynolaterthan 7 daysafterthe simulation
CAT scan; thus, the waiting time was defined as the
time elapsed beyond 7 days after the simulation
CAT scan. Treatment delay was defined as those
cases in which the treating physicians recorded
the word “delay” in the file, or if they subjectively
considered that the start of radiotherapy had been
very prolonged (without following standardized
definitions or criteria).

The information was collected in an
electronic database created with Epi Data version
3.1. For statistical analysis of the data Stata 14.0
and Excel 2007 software programs were used. For
the descriptive analysis of the information, the
qualitative variables were organized in simple
frequency tables and association or contingency
tables. Quantitative variables were analyzed using
central tendency and position statistics (minimum,
average, maximum, quartiles), and variance
statistics (standard deviation).

The study protocol was approved by the Local
Bioethics and Research Committee of the HNN,
with code CLOBI-HNN-003-2016.
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Results

During the period under analysis, 132
pediatric patients were registered with an oncologic
diagnosis and received radiotherapy, of whom
124 patients who met the inclusion criteria were
included. Of the 124 patients included, 7 patients
were subsequently excluded for the following
reasons: 4 patients died before completing their
radiotherapy treatment, 2 patients completed
radiotherapy at a date later than the period under
study and 1 patient had an incomplete record. The
final population included and analyzed in this
study were 117 patients, of whom 69 (59%) were
boys and 48 (41%) were girls.

The mean age * SD of the patients under study
was 7.7 = 3.9 years old, with a range between 1.7 and
16.5 years; 75% of the patients were 11.5 years old
or younger. Among female patients mean age was
7.2+ 4.2 years old with a range between 1.8 and 16.5
years, although 75% were 11.7 years old or younger;
meanwhile, the average age of male patients was

8.0 = 3.5 years old with a range between 1.7 and
15.1 years, and 75% were 11.1 years old or younger.

The most frequently irradiated tumor type
was leukemia, with a total of 30 patients (25.6%).
In second place was Hodgkin’s lymphoma with 13
patients(11.1%)and,inthird place,medulloblastoma
with 12 patients (10.3%). However, when grouping
CNS tumors in one category, they represent the
most c irradiated group of tumors (27.5%), very
similar to leukemias.

Atotal of 138 anatomical sites were reported as
irradiated, which is explained by the fact that some
patients received radiotherapy in more than one site.
The most frequently irradiated anatomic site was
the CNS in 40.6% (56 patients), followed by neck in
10.1% (14 patients), abdomen in 10.1% (14 patients)
and testicles in 8.0% (11 patients). The pelvis was
the least irradiated anatomical site, with only 3
patients (2.2%). Table 1 shows the radiotherapy
indication according to tumor type; some tumors
can be irradiated with curative or palliative intent,
depending on the stage of the disease.

Table 1. Distribution according to tumor type and indication for radiotherapy
(curative or palliative) of the 117 patients who received radiotherapy, period January
2015 to December 2019. Department of Hemato-oncology, National Children’s
Hospital “Dr. Carlos Sdenz Herrera”, Caja Costarricense del Seguro Social.
Tumor type Indication for radiotherapy
Curative Palliative
No. of patients  No. of patients
Leukemia 30 0
Hodgkin’s lymphoma 12 1
Medulloblastoma 12 0
Ependymoma 10 1
Rhabdomyosarcoma 8 1
Ewing’s sarcoma 8 0
Glioma 2 3
Neuroblastoma 4 1
Nasopharyngeal carcinoma 4 0
Non-Rhabdomyosarcoma Sarcomas 4 0
Wilms tumor 3 0
Glioblastoma multiforme 1 1
Langerhans cell histiocytosis 1 1
Others 6 3
Total 105 12
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The use of anesthesia during radiotherapy
sessions was required in 34 patients (29.1%). The
average age of patients who required anesthesia
was 4.4 years old * 3.8 years among female patients
and * 2.9 years among male patients. The age group
that required anesthesia the most was the under 4
years of age, representing 23.1% (27 patients) of the
population studied.

All patients who received radiotherapy
treatment had a waiting time; that is, all patients
started radiotherapy beyond 7 days after the
simulation CAT. The average waiting time was 30.2
* 19.0 days, with a range from 6.0 to 101.0 days; for
75% of the patients, this period was 36.0 days or less.
The waiting time for patients who received curative
radiotherapy (31.5 * 19.2 days) was longer than for
those who received palliative radiotherapy (15.1 ¥ 4.4
days) and it was also longer for patients who received
anesthesia (33.3 = 18.9 days) compared with those
who did not require anesthesia (29.0 = 19.0 days).

Concerning the reason for the delay in starting
treatment with radiotherapy, the treating physician
documented a delay in 23 patients (19.7%), but
only in 20 of them was the specific reason noted,
no data was found in the records of 3 patients. The
causes of delay most frequently documented were
non-clinical factors: treatment equipment failure
(2 patients), absenteeism to medical appointments
(2 patients), absenteeism to the simulation CAT (1
patient), a data error during the initial simulation
CAT (1 case), change in radiotherapy modality to
a specialized technique (1 patient) and problems
with the immobilization mask (4 patients).

The patient’s clinical condition was the cause of
delay in 9 patients when it was mentioned as a reason
such clinical conditions were: the need for surgical re-
section of the previous tumor (1 patient), second-line
chemotherapy for local tumor control (1 patient), the
need for completion of chemotherapy (1 patient), the
need for general anesthesia (2 patients), infectious
processes (2 patients), non-infectious complications
from chemotherapy (1 patient), and complications re-
lated to a percutaneous gastrostomy device (1 patient).

Discussion

The population of this study consisted of 117
pediatric patients with an oncologic diagnosis who

received radiotherapy as part of their therapeutic
management and were treated in the Department
of Hemato-oncology of the HNN, at any time during
the 2 year study period.

Male patients were the most frequently
irradiated, which is to be expected since childhood
tumors occur more frequently in men.'? Selo et al,
studied the adverse effects of ionizing radiation
in children under 19 years of age, and 55.9% of
their population was male.!® Cerdas and Rodriguez
studied irradiated patients under 18 years of age,
and also described a predominance of the male sex
(59.0%), data similar to those of Ahern. 2’

Childhood cancer is more frequent in
children under 5 years of age;! this age is lower
than the mean obtained in the study (7.7 years), a
discrepancy that can be explained by the fact that
the study only contemplates irradiated patients and
not the totality of oncologic patients. In Ahern’s
study, the most irradiated group were patients aged
between 10 and 15 years.? The difference in the
results between the studies can be explained by the
variability according to the prevalence of pediatric
tumors, the treatment protocols, and the age of
care in each region or hospital center.

It is to be expected for leukemias and CNS
tumors to be the most frequently irradiated
malignancies; first, because together they account
for about 50% of tumors in children under 14 years of
age and second because they are very radiosensitive
tumors and include radiotherapy in their treatment
protocols. It is also to be expected for the CNS site
to be the most irradiated anatomical site since it
includes patients diagnosed with brain tumors and
leukemias with CNS infiltration. %%11-13

The main indication for radiotherapy
treatment was curative (89.7%); results comparable
with the literature reviewed, which describes
curative radiotherapy in 72-99% of cases, and
palliative in 11% of cases.!®!

Almost one-third of all patients analyzed
required anesthesia during radiotherapy treatment
sessionsduetotheiryoungage.Severalinternational
studies support these findings, as they report that
patients who most commonly require anesthesia
are those under 5 years of age (especially those
under 3 years) and that the older the patient, the
lesser the need for anesthesia. !¢
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The waiting times found in the study merit
special attention. Although 75% of the patients had
waiting times of less than 35 days, some had longer
waiting times. Palliative radiotherapy patients had
shorter waiting times than curative radiotherapy
patients, due to the promptness with which
symptoms need to be treated in these patients
with limited survival and the lower radiotherapy
planning complexity in these cases. °

The deleterious effect of waiting time for the
initiation of radiotherapy in oncologic pathology is
well described in adults and could be extrapolated
to the pediatric population. Prolonged waiting
time favors tumor cell survival and unnecessary
tumor growth; this increases the need for higher
radiation doses, increases the risk of metastasis, and
decreases local disease control and patient survival.
8 In this regard, Liang et al analyzed the effect
of waiting times on the survival of patients with
nasopharyngeal carcinoma treated with radiotherapy
and documented that a waiting time longer than 30
days increases the mortality of these patients. !’

There are studies with models to predict the
effects of increased waiting times, as well as others
that analyze the contributing factors.!®!” Oberreuter
et al. found that the main delays in initiating
radiochemotherapy for patients with head and neck
tumors were the patient’s delay in consultation,
biopsy report and access to treatment. However,
they also mention that in some cases there was
a delay due to the need to stabilize the patients’
comorbidities or to their post-surgical recovery.!’

Despite observing a large underreporting
of information on the reasons that may delay the
initiation of radiotherapy, when the reason was
noted, it was possible to document that for 55% of
patients, it was attributed to non-clinical factors
of the patient; the importance of this result is that
these are potentially correctable factors.

The limitations of the study are related to
the retrospective nature of the data collection and
the lack of information recorded in the patients’
medical records.

In conclusion, radiotherapy is a treatment
modality used in pediatric oncology patients of
different ages and both sexes and mainly among cases
diagnosed with brain tumors and leukemia. In most
cases, it is offered as curative and in some patients,

ISSN 001-6012 Rev. Acta Médica Costarricense 2021 / april-june; 63 (2): 1-6

due to their young age, the use of anesthesia may
be required during treatment. In all cases a waiting
time for the start of treatment was documented, in
most cases, the delay was less than 36 days and in a
minority of cases it was documented that the main
reason was a non-clinical factor of the patient.
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