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Abstract

Introduction For children with central nervous system (CNS) tumors, survival rates remain significantly lower than other
childhood malignancies with a substantial increase in disability of survivors. Given this, it is imperative that these children are
identified at the earliest sign of symptom onset. Our institution aimed to identify diagnostic delays, morbidity and mortality,
and specific barriers that may exist within our specific healthcare system that result in diagnostic delay.

Methods A retrospective chart review was performed of newly diagnosed CNS tumors between January 1, 2008 and Decem-
ber 31, 2017.

Results 235 patient cases were reviewed, 34 (14.5%) of which had an associated tumor predisposition syndrome. Median age
at the time of diagnosis was 9 years (range 1 day to 25 years), with median number of days from symptom onset to definitive
diagnosis of 42 days (interquartile range 14-120 days). Delays longer than 60 days occurred in 95 (47.5%) patients. The
10 year relative survival rate for all tumors was 86.8%.

Conclusions Our institution had a shorter interval from symptom onset to diagnosis than currently reported in the literature, as
well as a decrease in associated morbidity. In addition, for those with longer delays, we were able to characterize the etiology
and barriers leading to these delays. With these identified, we are able to utilize this knowledge to further improve education
and awareness in community members and healthcare professionals to continue to improve the time to diagnosis in the future.
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Introduction

Central nervous system (CNS) tumors, the 2nd most com-
mon cancer diagnosed in children after acute leukemia,
accounts for 20% of pediatric malignancies [1]. Annual inci-
dence in the United States (US) is 5.65 cases per 100,000,
with 3720 new cases expected to be diagnosed in 2019 [2].
Even with an increase in the 5-year relative survival rate
(RSR) to 74.1%, CNS tumors have surpassed acute leuke-
mia as the leading cause of cancer-related death in children
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[2, 3]. Given that children with CNS tumors present with
nonspecific symptomatology, delays in diagnosis can occur,
contributing to morbidity and mortality. In 2012, a study
conducted at a children’s hospital in Israel, reviewed cases
for unacceptable delays in diagnosis. Unacceptable delay
was considered if patients were presenting with neurological
deterioration that did not receive proper medical attention,
had repeated physician visits without adequate attention,
or presence of classical symptoms of increased intracranial
pressure (ilCP) which did not lead to brain imaging. Average
diagnosis time was 7.7 months, with an unacceptable delay
in 27% of the children [4]. A German study noted a similar
delay, identifying headache as the most common presenting
symptom [5].

There is also an effort to assess the number of health care
provider (HCP) visits prior to diagnosis. A combined retro-
spective and prospective study of 104 pediatric patients with
brain tumors was conducted in Eastern Canada from 1995 to
2000. They identified that 58% of patients required four or
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more Visits to a physician before an accurate diagnosis was
established, with 30% requiring seven or more visits [6].

In the US, Nationwide Children’s Hospital piloted an
Ohio-based study to identify the time interval between
symptom onset and definitive diagnosis in children with
newly-diagnosed CNS tumors presenting to a children’s hos-
pital. Of the 146 patient cases reviewed, the median time
interval was 42 days [7]. Our institution undertook a con-
temporaneous study in a different pediatric referral center to
determine time of symptom onset and diagnosis for children
with CNS tumors.

Materials and methods

This study, based off the HeadSmart study that was validated
in the United Kingdom (UK), was conducted as a single site
retrospective records review utilizing a convenience sample

[8].
Patients

After obtaining institutional review board (IRB) approval, a
retrospective chart review was conducted of all patients with
CNS tumors diagnosed at Akron Children’s Hospital (ACH),
between January 1, 2008 and December 31, 2017. Exclusion
criteria included patients treated at ACH who were diag-
nosed at other institutions (n=2), and patients with tumors
located in or in close proximity to the CNS that were not
primary CNS tumors [dermoid cyst (n=1), lipoma (n=1),
neurothekeoma (n=1), pineocytoma (n=1), and pituitary
adenoma (n=2)].

Methods

Data was collected by medical chart review, including: his-
tory and physical (H&P) note, emergency department (ED)
visit note, and any consult or progress notes from a primary
care provider (PCP) or subspecialist 1 year prior to date of
first presentation. Additional data collected: age at and year
of diagnosis, gender, race, zip code, PCP, tumor type/loca-
tion per pathology and radiology reports, presenting symp-
toms, total number of healthcare provider (HCP) visits, total
diagnostic interval (TDI), any associated tumor predispo-
sition syndrome (TPS), and outcome (alive or deceased).
Of the above data, zip code and PCP were added in order
to better identify potential barriers in delay, and whether
these were geographical in nature. Total number of ED visits
was defined as a visit to either an ED or urgent care, while
total number of HCP visits was defined as any visit to the
patients’ PCP, an advanced practice provider (APP), ED, or
subspecialist; both from symptom onset to definitive diag-
nosis. TDI was defined as the number of days from the onset
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of symptoms to imaging diagnosis, which includes patient
interval [the time point when patients first note symptoms
(date of first symptom)] and diagnostic interval [the time
point of patients’ first presentation to a provider to date
of diagnosis (date of admission to the hospital because of
malignancy)] [9].

Statistics

Analysis began with examination and description of data,
with stratifications by TPS, consisting of full summary sta-
tistics and distributional assessments for continuous data
and frequencies/proportions for categorical data. Primary
analyses were descriptive. Exploratory analyses included a
comparison of baseline demographics to determine group
comparability followed by a comparison of clinical charac-
teristics. Statistical testing included the Wilcoxon Rank Sum
Test for non-normally distributed discrete and continuous
data, the X2 Test of Independence (or Fisher’s Exact Test for
cell counts of n < 5) for categorical data, the Kruskal-Wallis
Test for independent variables on a continuous or ordinal
dependent variable, and the Dwass, Steel, Critchlow—Fligner
(DSCF) Test for multiple comparisons based on pairwise
rankings.

Statistical analyses were completed using SAS 9.4/14.20.
Unless otherwise noted, all testing was two-tailed and evalu-
ated at the Type I Error Rate of alpha=0.05 level of statisti-
cal significance.

Results
Patient characteristics

Over the 10 year span of the study, 243 patient cases were
identified from the institutional oncology registry; 235 that
were eligible for further evaluation (Fig. 1). There was an
average of 24 newly diagnosed cases annually (15-32 cases
per year). Of the cases reviewed, 127 (54.0%) were male and
108 (46.0%) were female. Predominant race was Caucasian
(202; 86.0%), followed by African American (24; 10.2%),
Hispanic (5; 2.1%), Asian (3; 1.3%), and self-identified
“other” (1; 0.4%).

Median (IQR) age at diagnosis was 9 years (4.0-14.0)
with a range of 1 day to 25 years. For the purposes of this
study, patients were divided into four ordinal categories:
0-4, 5-9, 10-14, and > 15 years of age, with a similar dis-
tribution across all age groups (Table 1).

There were 34 (14.5%) patients with a TPS: 27 (79.4%)
with neurofibromatosis type 1 (NF1), 3 (8.8%) with neu-
rofibromatosis type 2 (NF2), 3 (8.8%) with tuberous scle-
rosis (TS) and 1 (2.9%) with Von-Hippel-Lindau (VHL).
The cohort did contain patients with other TPS, such as
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Fig. 1 Flowchart of all patients

243 patient cases

8 patient cases excluded

- 6 with diagnosis of non-
CNS primary tumor

- 2 diagnosed at another
institution

235 patient cases eligible for
review

201 patients without tumor
predisposition syndrome

34 patients with tumor
predisposition syndrome

Table 1 Patient characteristics

Characteristics All patients (235)  Exclud-
ing tumor
predisposition
syndrome
(201)
n % n %
Sex
Male 127 54.0 112 55.7
Female 108 459 89 443
Age at diagnosis (years)
04 63 26.8 50 24.9
5-9 55 234 45 224
10-14 63 26.8 55 274
>15 54 22.9 51 254
Race
Caucasian 202 85.9 170 84.6
Hispanic 5 2.1 4 1.9
Asian 3 1.3 3 1.5
African American 24 10.2 23 11.4
Other 1 04 1 0.5

Associated tumor predisposi-
tion syndrome

Neurofibromatosis type 1 27 11.5 - -
Neurofibromatosis type 2 3 1.3 - -
Tuberous sclerosis 3 1.3 - -
Von-Hippel-Lindau 1 0.4 - -

Li-Fraumeni, DICER syndrome, Constitutional Mismatch
Repair Syndrome, and germline SMARCBI1 and p53
mutations; however, the primary focus of this study was
phakomatoses.

Symptomatology

Patients were reported to have 30 different presenting
symptoms. The most common presenting symptom was
headache (123; 52.3%), followed by nausea/vomiting (84;
35.7%), unsteadiness (58; 24.7%), visual disturbances
(56; 22.6%), and abnormal gait (52; 22.1%). Only head-
ache (p =0.0038) and nausea/vomiting (p <0.0001) were
statistically significant for a dependent relationship with
TPS. 69 (29.4%) patients presented with symptoms of iICP
at diagnosis, with 29 (42.0%) patients having high grade
tumors and 40 (57.9%) patients having low grade tumors.
Patients with spinal cord tumors (n=12) had a different set
of presenting symptoms, corresponding to tumor location,
including pain (9; 75%) and weakness/numbness (8; 67%).
Complete symptomatology is summarized in Table 2.

As patients with phakomatoses are at increased risk
for CNS tumors, the American Academy of Pediatrics,
International Tuberous Sclerosis Complex Consensus
Group, and American Association for Cancer Research
have published diagnostic guidelines and surveillance
recommendations for patients with NF1 or NF2, TS, and
VHL, respectively [10-12]. Of the 34 patients with these
conditions, imaging was obtained for different reasons, by
their PCP, geneticist, or oncologist. 19 (56%) patients had
imaging per the respective surveillance recommendations,
with four patients being followed closely until an increase
in tumor size was noted that prompted biopsy or resec-
tion. Another 15 patients, in the TPS group, underwent
imaging, in addition to the recommended surveillance, for
symptoms, such as headaches or vision changes.
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Table2 Symptomatology Symptoms All patients (235) Patients with Excluding
NF1 (27) tumor predis-
position syn-
drome (201)
n % p value n % n %

Headache 123 52.3 0.0038 8 29.6 113 56.2
Nausea/vomiting 84 35.7 <0.001 2 7.4 82 40.8
Papilledema 34 0.2366 0 0.0 8 39
Macrocephaly 2.6 0.3873 0 0.0 6 2.9
Microcephaly 0.4 0.8553 0 0.0 1 0.5
Abnormal gait 52 22.1 0.1155 2 7.4 48 239
Unsteadiness 58 24.7 0.0589 2 7.4 54 26.9
Weakness 28 11.9 0.0807 1 3.7 27 13.4
Numbness 17 7.2 0.2807 1 3.7 15 7.5
Head tilt 12 5.1 0.1459 0 0.0 12 59
Visual disturbances 53 22.5 0.5545 8 29.6 44 21.9
Lethargy 17 7.2 0.1978 1 3.7 15 7.9
Behavioral/school changes 13 5.5 0.1237 0 0.0 13 6.5
Irritability 11 4.7 0.1720 0 0.0 11 5.5
Weight loss 8 34 0.2806 0 0.0 8 39
Seizures 38 16.1 0.2084 1 3.7 35 174
Apnea 3 1.3 0.6244 0 0.0 3 1.5
Endocrine abnormalities 1.7 0.5329 0 0.0 4 1.9
Speech changes 10 4.3 0.2027 0 0.0 10 4.9
Dysphagia 1.7 0.5329 0 0.0 4 1.9
Incontinence 2 0.9 0.7310 0 0.0 2 1.0
Pain 23 9.8 0.2463 2 74 20 9.9
Dizziness 16 6.8 0.1228 3 11.1 12 59
Growth arrest 4 1.7 0.5329 0 0.0 4 1.9
Syncope 16 6.8 0.0749 0 0.0 16 7.9
Constipation 3 1.3 0.3200 1 3.7 2 1.0
Tinnitus 2 0.8 0.7310 0 0.0 2 1.0
Tremors 7 2.9 0.3298 0 0.0 7 35
Loss of developmental milestones 4 1.7 0.5329 0 0.0 4 1.9

*Significant results (p <0.05) shown in bold

Tumor characteristics

In 2016, the WHO (World Health Organization) classifi-
cation and grading of CNS tumors was changed to incor-
porate histological and molecular parameters, in hopes of
facilitating clinical, experimental, and epidemiological
studies that may lead to advancements in the area of CNS
tumors [13]. While many tumor pathology diagnoses in
our database were based on the 2007 classification, an
effort was made to reclassify using the 2016 classification.
In line with national statistics, the most common tumor
type was WHO Grade I Astrocytoma, including pilocytic
astrocytoma, optic pathway glioma, and subependymal
giant cell astrocytoma (SEGA). This accounted for 42%
of the patient population.
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When evaluating optic pathway gliomas separately, these
accounted for approximately 9%, which is expected given
the percentage of patients with NF1. Most were diagnosed
radiographically and histology was only obtained if con-
cerns were raised based on history and/or atypical imaging
findings.

The third most common tumor type was WHO Grade IV
Medulloblastoma (17; 7.2%).

Of the 31 deceased patients, 27 (87.1%) had WHO grade
III or VI tumors.

In keeping with the reported literature, the most common
tumor location was infratentorial, consisting of 55.7% of
tumors, followed by supratentorial (92; 39.1%), and spinal
cord (12; 5.1%).

Tumor characteristics are summarized in Table 3.
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Table 3 Tumor characteristics

. . Tumor type
(per 2016 WHO classification

of tumours of the central
nervous system)

Diffuse astrocytic and oligodendroglial tumors
WHO grade I astrocytoma (pilocytic and subependymal giant cell astrocytoma, optic pathway 99 42.1

glioma)

WHO grade II diffuse astrocytoma 11 47

WHO grade II pleomorphic xanthoastrocytoma 4 1.7

WHO grade II oligodendroglioma 29

WHO grade III anaplastic astrocytoma 7 29

WHO grade III anaplastic pleomorphic xanthoastrocytoma 1 04

WHO grade IV glioblastoma 12 5.1

WHO grade IV diffuse midline glioma 11 47
Ependymal tumors

WHO grade I myxopapillary ependymoma 2 09

WHO grade II ependymoma 1.7

WHO grade III anaplastic ependymoma 4 1.7
Choroid plexus tumors

WHO grade I choroid plexus papilloma 5 21

WHO grade III choroid plexus carcinoma 2 09
Neuronal and mixed neuronal-glial tumors

WHO grade I dysembryoplastic neuroepithelial tumor (DNET) 6 26

WHO grade I ganglioglioma 10 43

WHO grade I glioneuronal tumor 1 04
Tumors of the pineal region

WHO grade I pineocytoma 4 1.7
Embryonal tumors

WHO grade IV medulloblastoma 17 72

WHO grade IV CNS embryonal tumor, NOS 1 04

WHO grade IV atypical teratoid/rhabdoid tumor (ATRT) 4 1.7
Tumors of the sellar region

WHO grade I craniopharyngioma 5 21
Germ cell tumors

Germinoma 2 09

Non-germinoma germ cell tumor (NGGCT) 1 04

Immature teratoma 2 09
Others

Tumors of cranial and paraspinal nerves 4 1.7

Meningiomas 2.1

Mesenchymal/non-meningothelial tumors 3 1.3
Tumor location n %
Infratentorial 131 55.7
Spinal cord 12 5.1
Supratentorial 92 39.1

Time to diagnosis

Of all 235 patients, the median (IQR) TDI was 42 days
(14-120) with a range of 0-5475 days. 15 patients were
listed as having a zero day TDI because their tumor was
found incidentally as part of a work up for first syncopal
episode, first seizure, or trauma evaluation. As previously

discussed, patients with a TPS may be diagnosed with a
tumor based on surveillance, thereby making it difficult
to identify time to diagnosis. Therefore, these patients
were analyzed separately. Of the 201 patients that did not
have a TPS, data was available for 200. 95 (47.5%) had a
TDI > 60 days, with a median (IQR) of 150 (60-365). Of
those 95 patients, 69 (72.6%) had a TDI>90 days, with
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majority of these patients having a diagnosis of low grade
gliomas. There was no evidence of a significant difference
in TDI by WHO tumor grading (p =0.3406) or a dependent
relationship between patients who had a TDI> 60 days and
WHO tumor grade (p=0.2142).

The median TDI for all infratentorial, supratentorial, and
spinal cord tumors was 30, 60 and 60 days, respectively.
When excluding patients with a TPS, the median TDI was
similar with the exception of spinal cord tumors, which was
90 days. There was evidence of a significant difference in
TDI by location (p=0.0202) and age (p =0.0019). Post hoc
pairwise testing using the DSCF Method provides evidence
of a significant difference in TDI between supratentorial and
infratentorial tumors only (p =0.0354).

Median (IQR) TDI of the 31 deceased patients was
28 days (1-365), with 10 (32.3%) patients having a
TDI> 60 days.

Healthcare provider visits

The number of HCP visits was also reviewed. Of the 201
patients that did not have a TPS, data was available on 200.
The average number of visits was 2.4. Amongst these, sub-
specialty visits occurred in highest frequency, followed by
ED visits, then PCP. Subspecialists that patients were seen
by prior to diagnosis included neurology, neurosurgery, oph-
thalmology, orthopedics for gait concerns, endocrinology for
symptoms such as growth arrest, and ear, nose and throat
for concerns of headaches secondary to sinusitis. The 95
patients that did not have a TPS and had a TDI > 60 days,
mean number of visits was slightly higher at 3.4; with vis-
its to PCP and subspecialists also being higher at 0.8 and
1.7, respectively. There was no evidence of a significant
difference in number of visits by tumor location or age at
diagnosis.

Morbidity and mortality

The 10 year RSR for all tumors, malignant and non-malig-
nant tumors was 86.8%, 71.7% and 92%, respectively
(»=0.000059). There was no significant difference in RSR
by tumor location (p =0.06) or age at diagnosis (p=0.3221)
however there was for TDI (p =0.04). 115 of all 235 (48.9%)
patients were reported to have tumor or treatment related
complications. These included panhypopituitarism (11;
9.6%), diabetes insipidus (12; 10.4%), hypothyroidism (19;
16.5%), growth hormone deficiency or pubertal delay (32;
27.8%), encephalopathy (4; 3.5%), secondary adrenal insuf-
ficiency (15; 13.0%), seizures (18; 15.7%), hearing loss (16;
13.9%), vision changes/loss (19; 16.5%), neurocognitive/
neuropsychiatric or neurologic dysfunction (93; 80.9%),
mutism (4; 3.5%), and obesity (32; 27.8%).
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Discussion and conclusion

Children with CNS tumors often present with nonspecific
symptoms that make early diagnosis difficult. Early rec-
ognition of characteristic symptoms and the pattern of
symptom onset by parents and HCP is crucial in avoid-
ing a diagnostic delay [14, 15]. A systematic review and
meta-analysis (1991-2005) identified 56 signs and symp-
toms with the three most common being headache, nausea
and vomiting, and motor abnormality; very similar to our
patient population [16]. In addition, while cardinal symp-
toms of iICP (headache, nausea, and vomiting) may pre-
sent as waxing and waning symptoms and per Chu et al.,
become the most common group of presenting features in
the final month before diagnosis, only 69 (29.4%) of our
patients presented with these at diagnosis [14]. Of those,
40 (57.9%) had low grade tumors. It was also noted that
iICP was more likely to occur in patients without TPS.

In comparison to the 2018 CBTRUS report, our patient
population has a higher rate of WHO Grade I Astrocy-
toma (42.1% vs. 15.3%), possibly related to referral bias,
reflection of our subspecialties, and favorable tumor loca-
tion [2]. The large population of NF1 patients (27; 11.5%)
likely contributes to the increased number of low grade
tumors. In addition, our institution diagnosed patients
from 83 of 88 counties in Ohio during this timeframe.
We have 36 subspecialties and 111 outreach clinics. This
expansive reach of our services lends itself to referral bias.

When evaluating TDI, there are very limited studies in
the US and many in countries such as Japan, Germany,
Scotland, Switzerland, Israel, and Austria. In the US, the
median diagnostic interval ranges from 31 to 42 days,
while in Europe and Asia, it ranges from 20.5 days (Japan)
to 200 days (Israel) [4-7, 17-26]. The UK launched the
‘HeadSmart: Be Brain Tumour Aware’ campaign in 2011,
when their average diagnosis time was 13 weeks (91 days).
Four years later, it was reduced to 6.7 weeks (47 days) [8].
Our institution found that the median (IQR) TDI was 42
(14-120) and 150 (60—135), in the total patient population
and patients without a TPS, respectively. This highlights
that while we have been proactive in surveilling patients
for CNS tumors in those with a TPS, we have room for
improvement in our general population. Though we did
find a significant difference in TDI by location and age, we
did not by WHO tumor grading. This is likely due to the
low number of high grade tumors in our database. In an
effort to identify why our patient population had a shorter
TDI, we reviewed number of HCP visits prior to diagnosis.

On average, for the patients reviewed, the number
of HCP visits was 2.4 Data regarding healthcare visits
remains sparse. In addition to the previously mentioned
studies in London and Canada, Coven et al. reported an
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average number of healthcare visits of 2.4 prior to diag-
nosis, similar to our study [6, 7, 27]. In our review, there
was not one variable that had a particular effect on the
number of visits.

Many studies have been conducted to understand the rela-
tionship between diagnostic delay and overall survival in
childhood brain tumors. Similar to our results, these studies
suggest that diagnostic delay may not result in decreased sur-
vival; however the long term complications can be detrimen-
tal. Complications range from chemotherapy related side
effects such as cardiac, renal, and reproductive to radiation
related side effects such as neurocognitive, endocrine, and
neuropsychiatric. A study reviewing 127 patients (Japan)
found that symptoms such as visual and endocrinologic
problems, along with weakness, tended to persist even after
initial treatment. Pre-diagnostic symptom interval of the
patients with persistent symptoms was also significantly
longer than that of patients whose symptoms had resolved,
supporting the hypothesis that though diagnostic delay may
not impact overall survival; there may be irreversible dam-
age to neuronal cells resulting in significant morbidity [22].
Childhood brain tumor survivors have also been found to
have increased risk of obesity and secondary malignancies
depending on treatment regimens. In our cohort, less than
half of all patients reported long term complications, with
majority being neuroendocrine or neurocognitive in nature.
These results are similar or slightly better than those previ-
ously reported in the literature, including the 2018 Child-
hood Cancer Survivorship Study (80.9% vs. 88%) [28-32].
In addition, the 10 year RSR for all malignant and non-
malignant tumors was 71.7% and 92%, respectively; similar
to the 2018 CBTRUS report (70.7% and 95.5%, respectively)
[2]. These results may be due to the high rate of low grade
tumors requiring only surgical resection in comparison to
high grade tumors requiring radiation and chemotherapy,
resulting in these complications.

A significant weakness in our study was record bias.
While efforts were made to reduce impact, such as limit-
ing years reviewed to our current electronic medical record
system, reviewing both paper and electronic forms of the
medical record, and validating diagnoses with the Inter-
national Classification of Diseases for Oncology (ICD-O)
codes, some bias remains due to the inherent nature of a
retrospective chart review. Another weakness is location.
From 2011 to 2015, for children aged 0-19 years, the aver-
age annual age-adjusted incidence rate in Ohio for all CNS
tumors was 6.46 per 100,000 (3.91 for malignant and 2.55
for non-malignant). With seven children’s hospitals in Ohio
[most states averaging 3 (0—11)], this provides opportunity
for patients to present at another institution for initial diag-
nosis or complete their oncologic care elsewhere.

In summary, our institution had an acceptable TDI, low
mortality rate, and comparable morbidity and survival rate,

perhaps due to being a referral center as well as availabil-
ity of general pediatricians and subspecialists in the remote
areas of Northeast Ohio that we serve. We establish that
stratification of TDI reporting by TPS is imperative and
should be a standard for future studies. In a successor study,
we plan to expand the TPS reviewed, evaluate each type of
interval as per The Aarhus checklist and assess for a change
in diagnostic and referral practice over time [9]. Mean-
while, we hope to further improve education and awareness
of childhood brain tumors by offering educational seminars
for community pediatric providers, as well as student and
trainees.
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