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Abstract

Object—-Brain tumors are rare in infants under 6-months of age. These tumors can be challenging
to treat surgically. We analyzed a modern series of patients treated by a multidisciplinary team at a
tertiary care center and performed a literature review of this unique population.

Methods—Retrospective clinical data was collected for patients surgically treated for intracranial
mass lesions at The Children’s Hospital of Philadelphia from 1998 to 2007. Dermoid cysts and
other skull-based lesions were excluded from the analysis.

Results—Sixteen patients under 6-months of age underwent surgery for primary intracranial
mass lesions. The median age of the patients at surgery was 5.2 months (range 1.4 to 6 months of
age). Children most often presented with a bulging fontanelle, hydrocephalus, or macrocephaly (7
patients). Vomiting was seen in 5 patients, cranial nerve palsies in 1 patient, and seizures in 3
patients.

All patients had tumor resections and post-operatively were monitored in the intensive care unit.
The final pathology consisted of atypical teratoid/rhabdoid tumor (3 cases), primitive
neuroectodermal tumor/medulloblastoma (3 cases), choroid plexus papilloma (2 cases),
astrocytoma (2 cases), ganglioglioma (2 cases), desmoplastic infantile ganglioglioma (2),
glioblastoma multiforme (1), and choroid plexus carcinoma (1).

Two intra-operative deaths occurred. Of the surviving 14, a gross total resection was achieved in
4. Adjuvant therapy was determined by a multidisciplinary team composed of neuro-oncology,
neurosurgery, and radiation oncology. Seven patients were treated with chemotherapy, 1 patient
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had proton beam therapy. Five-year overall survival was 45%. The eight surviving patients had
neurological sequelae, and developmental outcome was variable.

Conclusions—Brain tumors are uncommon in children under 6-months of age. Patients present
with a variety of tumor pathologies. Children who survive have neurological sequelae. More
studies are necessary to understand the impact that different treatment options, tumor pathology,
and tumor location have on neurological outcome.

Keywords
brain tumor; surgery; neonates; congenital

Introduction

Brain tumors are rare in infants less than 6 months of age. Although brain tumors in children
have been well characterized, there are relatively few studies that have looked specifically at
children less than 6 months of age.

Treatment of very young children with malignant brain tumors requires an interdisciplinary
approach3®. Surgery remains a vital component of most treatment algorithms28:40.48.50 |
order to minimize the harmful effects of radiation, chemotherapy has become the critical
component of adjuvant therapy in the neonatal age group#16:20.22.28 Chemotherapy is also
used as a time “bridge” in order to delay radiation therapy, especially in younger children.

The treatment algorithms for childhood brain tumors are well defined for older children but
are not as well defined for infants less than 6 months of age*0. Therefore, a more thorough
examination of the treatment modalities used, and the associated outcomes, will help
establish the best methods for managing these patients. Additionally, characterizing the
pathology and frequency of the various tumor types in this patient population is paramount
to defining and developing the best treatment options®’.

Characterizing the types of tumors, and the treatment options that provide the best results
may improve the chances of meaningful neurological and developmental recovery. This
study illustrates the experience of a large tertiary care children’s hospital in treating infants
less than 6 months of age with brain tumors. Additionally, since brain tumors in this age
group are rare, we performed a literature review of published cases.

Clinical Materials and Methods

Study design and subjects

A neurosurgical database of brain tumor patients who were treated surgically was queried to
identify all patients less than 6 months of age who underwent resection of primary
intracranial mass lesions between 1998 and 2007 at The Children’s Hospital of Philadelphia
(CHOP). With institutional review board approval, retrospective analysis of these patients
was performed.

Clinical data

Data including patient demographics, clinical presentation, and treatment were abstracted
from inpatient hospital records, neurosurgical outpatient clinic charts, and neuro-oncology
outpatient clinic charts. Extent of resection was categorized based on the immediate (within
one day) post-operative MRI. Categories were gross total resection (no residual disease),
subtotal resection (50-99% reduction in tumor size), and biopsy (less than 50% reduction in
tumor size). The Kaplan-Meier estimate of survival was calculated using STATA 11.1
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(STATA Corporation, College Station, TX). Survival time was calculated from the date of
the first neurosurgical intervention. Neurological outcomes were retrieved from neuro-
oncology and/or neurosurgery clinic charts.

Literature Review

Results

PubMed was searched for key words including infant, neonatal, and brain tumor (as well as
specific brain tumor types). References of included papers were examined to find additional
papers. A large literature review was used to identify potential cases that were missed in the
original PubMed Search (Isaacs). The majority of the relevant publications reviewed
patients up to 3 years of age. Only studies in which subjects less than 6 month of age could
be identified clearly were included in our review.

Patient characteristics and presentation

From 1998 to 2007, 16 patients 6 months old and younger with pathologically confirmed
malignant and benign intracranial brain tumors were identified. Five (31%) were male and
11 (69%) were female. The median age at time of surgical treatment was 5.2 months (range
1.4 to 6.0 months), and only 2 patients were less than 3 months of age at the time of surgery.
The most common presenting clinical signs were bulging fontanelle, hydrocephalus, or
macrocephaly, occurring in 7 patients. Vomiting was seen in 5 patients, irritability or
lethargy in 5 patients, seizures in 3 patients, and cranial nerve palsies in 1 patient. One
patient (#5) was noted to have hydrocephalus on prenatal ultrasound (Table 1).

Pre-treatment imaging

Treatment

Pathology

Eleven tumors were supratentorial, and 5 were infratentorial. Specific tumor locations are
presented in Table 1. Figure 1 and Figure 2 show examples of pre-treatment imaging.

The patients were evaluated and treated by an interdisciplinary team as clinically indicated
including pediatric neurosurgeons, neuroradiologists, neuropathologists, neurologists, neuro-
oncologists, and radiation oncologists. All patients underwent surgical resection of their
tumors with subsequent histopathological evaluation. Post-operatively all patients were
monitored in the intensive care unit. Four patients (25%) had gross total surgical resection,
nine patients (56%) had a subtotal surgical resection, and one patient (6%) had a biopsy.
Two patients (13%) did not have a post-operative MRI because of intraoperative death.
Seven patients (44%) received post-operative chemotherapy. One patient (6%) underwent
proton beam therapy at another facility.

Table 1 shows the pathological features of the sixteen patients’ tumors.

Survival and neurological outcomes

Follow-up data was available in all patients. The median follow-up time was 0.9 years
(interquartile range 0.3 years to 5.5 years). The median survival among the subjects was 1.4
years. Using the Kaplan-Meier method, the 1-year, 2-year, and 5-year survival were 53%,
45%, 45%, respectively (Figure 3). There were 8 deaths that occurred at a median of 6.4
months of age (interquartile range 5.9 to 15.5 months) and a median of 3.9 months from
surgical resection (interquartile range 0.2 to 10.7 months). Two infants died intraoperatively,
one of whom presented with herniation and was operated upon emergently. The other 6
deaths were a result of tumor progression. Of the 8 surviving patients, all are in continuous
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remission (as demonstrated by yearly MRIs) at a median age of 5.9 years (interquartile range
1.6-8 years). Of the four patients in whom a gross total resection was achieved, two
continue to be tumor-free; the other two patients (both with atypical rhabdoid teratoid
tumors) died of progression of recurrent tumor (Table 1). All 8 surviving patients had
neurological sequelae. Deficits and their severity varied, ranging from mild hemiparesis to
severe motor deficits with cognitive and behavioral problems (Table 1).

Literature review

One hundred twenty-three papers were reviewed and 44 papers that were suitable for the
current study were identified. These included 29 case reports or series and 15 retrospective
studies. The number of patients included in each reviewed paper ranged from a single
patient in a case report to 250 patients in a literature review242°, These 44 papers yielded
468 cases of intracranial tumors in children 6 months of age and
Jessl:3-5,8-10,12,13,15,17-19,21,26,27,29-31,33-35,37,38,40-46,51-55,57-59,61,62,65-67 There was
significant variability in brain tumor histologies (Table 2). Teratoma was the most common
tumor reported in the existing literature and was mainly found in neonates within a few
weeks of life; up to 83.7% of these patients died. The next most common tumor types were
choroid plexus tumors and astrocytomas. The estimated survival of the 445 subjects who
had follow-up data available was 30.8% (Table 2).

Discussion

Location of tumors in infants less than 6 months does not appear to follow the trends seen in
older pediatric populations. In our series, nearly 70% of tumors were located
supratentorially, a finding consistent with prior reports®. This contrasts with older pediatric
patients in whom infratentorial tumors are more common?+11:22-25.32,39,40.56 ' A5 with older
children, the histopathological diagnoses varied widely; however, there was a higher
incidence of atypical teratoid rhabdoid tumors and choroid plexus tumors.

Our patients had a 5-year survival of 45%, compared with an estimated survival of 30.8% in
the literature review. However, follow-up time was not available for all the subjects in the
literature review, limiting our ability to calculate a 5-year survival for the patients
represented in the literature and thus to compare the survival in the literature to that of our
patients. Additionally, in contrast to prior studies®® our study had no subjects with teratoma,
a tumor type with high mortality. The absence of teratoma patients may explain the higher
survival of our patient population compared with the literature. However, since our selection
of patients utilized a surgical database, it is possible that infants with teratoma may have
been missed if no surgical treatment was indicated or elected due to poor prognosis, thereby
inflating the survival estimate. Additionally, our series had 5 patients with low-grade tumors
which have the highest survival of the infantile brain tumors. Strengths of this study include
its relatively long follow-up compared with historical data. In addition, given that all
patients presented since 1998, it represents a relatively modern surgical series.

Developmental and neurological outcomes in very young children with tumors are variable.
All surviving children in our series had residual neurological or developmental deficits at
follow-up. However, the degree of disability varied widely between patients. Post-operative
and long-term quality of life is a topic seldom discussed in the neurosurgical literature.
However, neurological sequelae are important. Compared to other pediatric tumor patients
and even to adult brain tumor patients, the pediatric brain tumor population faces
significantly more devastating neurological, psychosocial, and economic effects®3. Further
characterization of the neuro-cognitive deficits of this population as the children enter
school, utilizing formal neuro-psychological testing, will be crucial to characterizing the
scope of issues facing survivors of infant brain tumors.
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The primary mode of treatment for infantile brain tumors remains surgery, although the
prognosis for many of these tumors remains poor. Importantly, in our experience it can be
difficult to predict the tumor type based on the preoperative imaging for some of these
young patients, necessitating surgical treatment to establish the diagnosis and in some cases
to provide definitive treatment. The use of adjuvant chemotherapy and its effects on
outcome need to be explored further, especially since radiation therapy is not usually an
option in infants16. Re-operating on stable residual masses has also been questioned by some
authors, citing that a “wait and see” method may be better than subjecting the child to a
second operation®. It is our practice to determine the role for reoperation based on the tumor
histology and the neurological status of the child. As more data for this patient population
becomes available, the characterization and best treatment strategies will become further
refined. Given the many advancements and improvements in surgical technique, radiation,
and chemotherapy options, the population of pediatric brain tumor survivors continues to
grow. The advent and increasing availability of proton beam radiation, with the goal of
increasing survival while minimizing neurological repercussions, may allow for the use of
radiotherapy in patients younger than was previously believed to be safe. A thorough
understanding of the residual neurological deficits and quality of life in survivors is required
in order to improve the care of these patients. More research is being dedicated to treatment-
related effects, such as the long-term impact of focal proton beam radiation on the growing
brain and body?:16:20.49.60.64 | arger series will be necessary to correlate outcome with
tumor type, extent of resection, and/or response to adjuvant therapies.
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Figurel.

Patient 1 was a 5 month-old girl that presented with increased head size and neck pain and
stiffness. Axial (A) and sagittal (B) post-gadolinium T1 MR images demonstrated a large
enhancing intraventricular mass with significant hydrocephalus. The patient underwent a
craniotomy and resection. Post-operative axial (C) and coronal (D) post-gadolinium T1
imaging demonstrated gross total resection of the mass. On pathology the patient was found
to have a choroid plexus papilloma.
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Figure2.

Patient 16 was a 1 month-old girl that presented with increased head size and fussiness.
Axial (A and B) and sagittal (C) post-gadolinium T1 MR images a demonstrated a large
enhancing posterior fossa mass with significant hydrocephalus. The patient underwent a
suboccipital craniotomy and resection. Post-operative axial (D and E) and sagittal (F) post-
gadolinium T1 images demonstrated resection of the mass. On pathology the patient was
found have a medulloblastoma with myoblastic differentiation.
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Table 2
Literature Review Tumor Types and Survival

Tumor Type Number (%) * | Living | Dead Percent Survival 8
Astroblastoma 2 (0.4%) 1 1 50
Astrocytoma (most grades not specified) | 85 (18.2%) 34 48 40

3 additional lost to follow-up
Atypical teratoid rhabdoid tumor 11 (2.4%) 0 11 0
Craniopharyngioma 20 (4.3%) 4 16 20
Choroid plexus papilloma 38 (8.1%) 33 4 87

1 additional lost to follow-up
Choroid plexus carcinoma 24 (5.1%) 10 14 42
Desmoplastic infantile ganglioglioma 2 (0.4%) 2 0 100
Ependymoma 16 (3.4%) 2 13 125

1 additional lost to follow-up
Ependymoblastoma 4 (0.9%) 0 4 0
Ganglioglioma 8 (1.7%) 8 0 100
Gangliocytoma 3 (0.6%) 3 0 100
Glioma (most grades not specified) 6 (1.3%) 3 3 50
Glioblastoma multiforme 23 (4.9%) 3 20 13
Gliosarcoma 3(0.6%) 1 1 33

1 additional lost to follow-up
Hemangioblastoma 2 (0.4%) 1 1 50
Medulloblastoma 22 (4.7%) 2 17 9

3 additional lost to follow-up
Medulloepithelioma 4 (0.9%) 0 4 0
Meningioma 8 (1.7%) 5 3 62.5
Meningeal sarcoma 8 (1.7%) 2 6 25
Oligodendroglioma 3(0.6%) 1 2 33
Oligoastrocytoma 1(0.2%) 1 0 100
Pineoblastoma 3 (0.6%) 0 2 0

1 additional lost to follow-up
Primitive neuroectodermal tumor 44 (9.4%) 6 36 13.6

2 additional lost to follow-up
Sarcoma 3(0.6%) 0 0

1 additional lost to follow-up
Subependymal giant cell astrocytoma 2 (0.4%) 1 1 50
Spongioblastoma 4 (0.9%) 0 4 0
Teratoma 98 (20.9%) 16 78 16.3

4 additional lost to follow-up
Miscellaneous ™ 21 (4.5%) 5 10 238

6 additional lost to follow-up
TOTAL 468 (100%) 144 alive | 301 dead 30.8

23 lost to follow-up

*
Percent of total cases
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*:

*

9 choroid plexus tumors not otherwise specified, 1 atypical choroid plexus papilloma, 1 middle fossa neuroblastoma,1 gliofibroma, 1 malignant
embryonic tumor, 1 plexus tumor, 1 oligodendrocytoma, 1 midbrain cystic blastoma, 1 melanotic prognoma, 1 hemangioendothelioma, 3 not
otherwise specified

§Patients lost to follow-up were not included in the calculation of percentage survival.
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