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Predictors of mortality
in children with neuroblastoma

Rusida Harjayanti Sanindya Arum, Kristia Hermawan, Pudjo Hagung Widjajanto, Sutaryo

Abstract

Background Neuroblastoma is an extracranial solid tumor origi-
nating from neural crest cells which failed to properly migrate.
Neuroblastoma is commonly found in children under 12 months
of age. The survival rate of these patients is still relatively low,
both in developed countries and Indonesia.

Objective To determine whether age, sex, primary tumor loca-
tion, degree of cell differentiation, and patient compliance are
associated with the survival of children with neuroblastoma at
Dr. Sardjito Hospital.

Methods This retrospective cohort study included pediatric neu-
roblastoma patients at Dr. Sardjito Hospital, Yogyakarta, Central
Java, between January 2012 to September 2020. We collected
secondary data from medical records and registration data of
pediatric cancer patients in the Pediatric Hematology Oncology
Department of Dr. Sardjito Hospital, we matched te data based
on medicals records and manual data in the ward and poyclinic
olyclinic, which included age at diagnosis, sex, primary tumor
location, degree of cell differentiation, and patient adherence to
therapy. To confirm weather the information about survived or
death, apart from medical record we did tracking by telephone
to the parent.

Results Of 54 pediatric neuroblastoma patients, 54% were female.
The median length of observation was 13.25 months, with an
incidence rate of 62/100 person-years and a median survival of
13 months from the time of diagnosis. The 5-year survival rate in
our study was 21.3%. Multivariate analysis revealed that stage IV
patients had higher risk of death (HR 10.9; 95%CI 1.47 to 81.01;
P=0.02) compared to other stages. Sub-group follow-up analysis
revealed no significant difference in stage IV male patients com-
pared to female patients (HR 1.62; 95%CI 0.81 to 3.22; P=0.172).
The survivial in group with primary tumor location outside the
adrenal medulla and stage IV was not significantly different from
patients whose tumor location was unknown (HR 2.45; 95%CI
0.71 t0 8.43; P=0.155). The group whose primary tumor location
was in the adrenal medulla did not have a significant difference in
survival compared to patients whose primary tumor location was
unknown (HR 2.09; 95%CI 0.84 to 5.22; P=0.114).
Conclusion The predictor factors studied are not signif-
icantly associated with mortality in children with neu-
roblastoma. [Paediatr Indones. 2023;63:73-9;
DOL: https://doi.org/10.14238/pi63.2.2023.73-9].
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euroblastoma is an extracranial solid

tumor originating from neural crest cells

that fail to migrate. Neuroblastoma is

most common in children. Generally, it
occurs at below 12 months of age, with an incidence
of 58 per 1,000,000 infants. The United States
records 1 case per 7,000 live births annually.! In 2010,
United States recorded 10.7 cases out of 1,000,000
children.? Europe recorded 4 cases of 1,000,000 cases
of embryonal cancer (neuroblastoma, nephroblastoma
and retinoblastoma) in children every year.?

The International Neuroblastoma Risk Group
(INRG) Database recorded survival rates of 75-85%
in the low-risk group, 50-75% in the intermediate-risk
group, and <50% in the high-risk group. In Europe,
the 5-year survival rate for neuroblastoma was 88-
90% for stage I and II, but only 22% for stage IV
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disease.?* Mortality due to neuroblastoma in Europe
accounted for 13% of all malignancy-related mortality
in children.? A survival study conducted in pediatric
neuroblastoma patients at Dr. Sardjito Hospital,
Yogyakarta, showed an overall five-year survival rate
of 27%, while in Dr. Cipto Mangunkusumo Hospital,
Jakarta, it was 37%.>°

Methods

This observational study had a retrospective cohort
design. The subjects were children with neuroblastoma
who underwent treatment at the Pediatric Hematology
and Oncology Department, Dr. Sardjito Hospital,
Yogyakarta, Central Java, and were diagnosed from
January 2012 to September 2020. Secondary data was
collected using a case report form from medical records
and child cancer patient registration data, including
age at diagnosis, sex, primary tumor location, degree of
cell differentiation, stage, time from diagnosis to time
of death, and patient adherence to the given therapy.
To confirm weather the information about survived
or death, apart from medical record we did tracking
by telephone to the parent.

Data were analyzed using the Statistical Package

for Social Science (SPSS) version 22.0 for Windows. The
study was approved by the Research Ethics Committee
of Sardjito General Hospital.

Results

From January 1, 2012 to September 30, 2020,
there were 66 pediatric patients aged 0-18 years
diagnosed with neuroblastoma at Dr. Sardjito
Hospital, Yogyakarta, Central Java. Twelve patients
were excluded due to incomplete data (4 patients’
medical record data were not accessible and 8 patients
were lost to follow-up). Thus, a total of 54 patients
were included, of whom 37 (68.5%) died. The basic
characteristics of subjects at the time of diagnosis are
presented in Table 1.

Univariate analysis in Table 2 showed that
children with stage IV neuroblastoma had 3.64 times
higher risk of mortality than those with stage IVs.
The >12 month age group at the time of diagnosis
had 1.86 times higher risk of mortality compared to
the <12 month age group, but it was not statistically
significant (P=0.023).

Multivariate analysis in Table 2 revealed that
stage IV neuroblastoma had 10.9 times higher risk of

Table 1. Basic characteristics of subjects (N=54)

Survived Died

Characteristics (n=17) (n=37) P value
Age, n
<12 months 4 4 0.23
=12 months 13 33
Sex, n
Female 11 18 0.27
Male 19
Location of primary tumor, n
Outside adrenal medulla 6 5 0.07
Adrenal medulla 6 25
Unidentified 5 7
Stage, n
IVs 5 3 0.005
I-111 3 1
\Y) 9 33
Cell differentiation, n
Well differentiated 2 7 0.43
Poorly differentiated 8 12
No pathological examination 7 18
Compliance, n
Good 7 23 0.149
Poor 10 14
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death compared to stage IVs (P=0.02). However, the
age at diagnosis of > 12 months showed a protective
result, though it was not statistically significant.
Other variables such as stage II-III, age, sex, location
of primary tumor, cell differentiation, and adherence
to therapy were not significantly associated with
mortality.

A stage IV subgroup analysis showed no
significant difference between males and females
(Table 3). However, the risk of death was 1.62 times
higher in males than in females with stage IV, but
it was not significant (P=0.172). Also, there was
no significant difference in mortality between the
stage IV unknown location of primary tumor group
and the outside adrenal medulla location group.
However, patients with the primary tumor location
outside the adrenal medulla had a 2.45 times higher
risk of death than in patients whose primary tumor
location was unknown. In addition, there was no
significant difference in mortality between the stage
IV adrenal medulla primary tumor location group
vs. the unknown tumor location group. But patients
with adrenal medulla tumor location had 2.09 times
higher risk of death.

Figure 1 shows the survival analysis of a child
with neuroblastoma. Median monitoring for 13.25

months. The total sample was 54 people, 37 died
with an incidence rate of 62/100 person year, with a
median survival of this study was 13 months (95% CI
8.18 to 17.8 months) since the patient was diagnosed,
with survival at 1 year, 2 years, 3 years and 5 years
respectively are 53.7%, 29.8% and 21.3%.

Discussion

The results of the analysis stated that the overall
survival for 5 years in our study was 21.3%. The INRG
stated that the 5-year survival rate after diagnosis was
less than 50%, while in Indonesia, it was reported
to be 25%6 and 27%.> The low survival rate in
Indonesia is likely due to late patient presentation
at stage IV, which is often accompanied by distant
metastases. 0,160

The similarity between our study and the other
two Indonesian studies was that most patients were
in stage IV at the time of diagnosis (77.4%, 53%,6
and 85%,5 respectively). The INRG stated that 40%
of pediatric neuroblastoma patients were in stage [V
at the time of diagnosis.*® Cancer cells can spread to
form new tumors in organs far from the primary tumor
location, which is known as a metastatic process.

Table 2. Univariate and multivariate analyses of mortality and patient characteristics

Univariate Cox regression Multivariate
Variables
HR 95%ClI P value HR 95%ClI P value

Age

<12 months

>12 months 1.86 0.651t05.32 0.24 0.28 0.05t0 1.63 0.16
Sex

Female

Male 1.38 0.73t0 2.64 0.32
Location of primary tumor

Outside adrenal medulla

Adrenal medulla 0.72 0.23102.28 0.58

Unidentified 1.32 0.57 to 3.05 0.52
Stage

IVs

I-111 0.79 0.08 to 7.59 0.84 2.41 0.15t0 39.39 0.54

\Y, 3.64 1.08to 12.16 0.04 10.91 1.47 to 81.01 0.02
Cell differentiation

Well differentiated

Poorly differentiated 0.60 0.63 t0 4.28 0.31
Adherence to therapy

Good

Poor 0.79 0.411t0 1.54 0.50
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Table 3. Subgroup analysis of stadium IV analysis of survival of children with neuroblastoma

Status Univariate Multivariate
Variables Survived Event HR 95%ClI Pvalue  HR 95%Cl P value
(n=9) (n=33)
Age, n - -
<12 months 0 0
=12 months 9 33
Gender, n
Female 6 16 1.62 0.811t03.22 0.172 1.58 0.78t0 3.18 0.201
Male 3 17
Tumor location, n
Outside adrenal medulla 2 5 2.45 0.71108.43 0.155 2.49 0.72t0 8.64 0.149
Adrenal medulla 2 22
Unidentified 5 6
Cell differentiation, n
Well differentiated 1 7
Poorly differentiated 5 12 0.671 0.26t0 1.74 0.411
No pathological examination 3 14
Compliance, n
Good 4 33
Poor 5 1 0.97 0.47 to 2.01 0.934
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Figure 1. Overall survival

Tumors in stage [V can spread to distant lymph nodes,
bones, bone marrow, liver, skin, and/or other organs.
Most of our stage IV subjects had distant metastases,
based on medical records and registration data that
we have although no further analysis was carried out.
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died. According to their medical records, the causes
of death were abdominal compartment syndrome,
hydroureter, DIC, and septic shock.

The age group in this study showed that there
were more girls than boys, based on two types of age
groups dominated by the girls. There was no significant
difference in survival between age groups between
< 12 months or >12 months. Most patients in the
>12 month age group were in stage IV (42 subjects)
compared to the <12 month age group which
consisted of mostly patients in stages I-III (4 subjects).

Our subjects were predominantly female, unlike
the other two Indonesian studies.® No significant
difference in mortality was noted between sexes, but
the analysis may not have been meaningful because
there were 22 females and 20 males with stage IV (42;
77.8%), and far fewer with stages I-III (4; 7.4%). Thus,
we could not determine if mortality was influenced by
sex factors related to androgens that stimulate tumor
growth or because of advanced stage disease.

The primary tumor locations were not mentioned
in the previous Indonesian studies.>® We found that
overall, 57.4% of primary tumors were in the adrenal
medulla, and no significant difference in mortality
based on the primary tumor location. The higher
mortality in the adrenal medulla group was due to the
fact that such patients only sought medical treatment
in stage IV. The unbalanced proportion of subjects
in the primary tumor location groups with stage IV
also affected the analysis. The location of the primary
tumor in the adrenal medulla has worse prognoses
than other locations, but because most of our subjects
were in stage IV, the stage of presentation may have
had greater influence on mortality than the primary
tumor location. The deaths of these patients were
either due to the effects of the tumor on the adrenal
medulla or due to the stage IV condition or both.

We found that 37% of the biopsy results showed
poor differentiation, Unfortunately, histopathological
examination was not performed in the other patients.
However, the analysis showed no significant difference
in mortality between the well-differentiated and
poorly differentiated groups. Again, the incomplete
pathology data of subjects may render the analysis
results meaningless, as 9 (16%) patients with good
cell differentiation, 20 (37%) had poor differentiation,
and 25 (46%) did not undergo histopathological
examination because no biopsy was performed. Twelve

(70.6%) deceased patients in the stage IV subgroup
had poor cell differentiation.

A limitation of our study was that the potential
risk factors of mortality were not further differentiated
and analyzed. In addition, we did not analyze for
relationships between mortality and nutritional
status or sepsis status, or other characteristics. In
the subgroup analysis, there was no significant
difference in mortality between each group of
variables. However, clinically the risk of death was
1.62 times higher in males. In addition, the outside
adrenal medulla group had 2.45 times higher risk of
mortality, while the adrenal medulla group had 2.09
times higher risk of mortality. The number of patients
with stage I-1II in our study was small, and there no
stage 1 patients. Most of the patients presented at an
advanced stage and had distant metastases, so this
situation overlapped with other variables that might
have also been associated with mortality.

[t was difficult to assess whether variables were
risk factors, or due to worsening conditions as a result
of stage IV and metastases. Another study limitation
was that the sample size was less than the minimum
required size, due to being a single center study and
our small number of cases.

Other conditions recorded in subjects’ medical
records as causes of death were sepsis, intracranial
metastases, pulmonary metastases, abdominal
compartment syndrome, poor nutrition, heart failure,
respiratory failure, shock or conditions for which the
cause of death was unknown because the patient died
at home or in another hospital.

Nutritional status was one condition that
could not be explained in our study. The supporting
data for assessing nutritional status in children
with neuroblastoma were incomplete, moreover,
the weight, height, and upper arm circumference
measurements were not all included in the medical
records. Only 8 patients had an assessment of their
nutritional status. Upper arm circumference data is
useful for assessing the nutritional status of children
with tumors and organ enlargement. But incomplete
data and/or assessment of nutritional status were
limitations of our study.

In conclusion, the 5-year survival rate in our
study is 21.3%. None of the variables studied shows
significant differences in mortality. Indeed, the most
obvious finding was that because most subjects were
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diagnosed as stage IV, it was very difficult to distinguish
whether death was caused by the stage of disease or
other factors. For further study, more complete data
is needed to expand the study variables. Government
programs, in conjunction with the Indonesian
Pediatrics Society, should educate parents, so that
neuroblastoma in children can be recognized early
for improved prognosis.
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