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Abstract
Juvenile pilocytic astrocytoma (JPA) is a World Health Organization (WHO) grade I tumor that is the commonest to occur in the
0–19 age group, with an excellent prognosis of 96% 10-year survival in pediatric patients. Complete resection is the treatment of
choice for JPAs. However, this is not always feasible due to the location of certain tumors, and the management following
subtotal resection is controversial. Fractionated radiotherapy, chemotherapy, radiosurgery, and observation have all been used to
treat tumor remnants. We report a young patient with good tumor control 23 years following low-dose Gamma Knife surgery
(GKS) of a subtotally resected brainstem JPA and recommend that GKS may be a feasible treatment option to achieve long-term
tumor control when subtotal resection cannot be achieved, even if the GKS prescription dosemust be significantly reduced due to
large tumor volume or proximity to critical structures sensitive to radiation.
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Introduction

Juvenile pilocytic astrocytoma is a World Health
Organization (WHO) grade I tumor with a slight prepon-
derance for males [16]. CBTRUS statistical report noted
juvenile pilocytic astrocytoma (JPA) as the commonest tu-
mor in the 0–19 age group, with a good prognosis of 96%
10-year survival in pediatric patients [17].

Complete surgical excision of tumor generally results in
cure for JPA. However, this is not always feasible due to the
location of certain tumors. Alternative management strategies
include subtotal resection or biopsy, followed by adjuvant
therapy or observation. There is still no consensus on how to
best manage these patients with tumor remnants.

Stereotactic radiosurgery is conceptually suitable as JPA
is a non-infiltrative tumor with well-defined tumor mar-
gins. Although sparse, there is data available to support

the efficacy of this treatment modality in JPA [1, 7, 12,
20, 23]. The long-term results following Gamma Knife
surgery (GKS) in the treatment of JPA are still not clear.
The present data suggests that high treatment doses result
in high incidences of radiation-induced complications [1]
and that the tumor control rate appears to be independent of
treatment doses [1, 7, 20, 23]. We here report, to our
knowledge, the longest follow-up of a subtotally resected
brainstem JPA that was treated with low-dose GKS
resulting in excellent long-term tumor control.

Case report

A 13-month-old boy presented with acute signs of hydro-
c e p h a l u s a n d w a s i n i t i a l l y m a n a g e d w i t h a
ventriculoperitoneal (VP) shunting. On follow-up MRI at
4 years old, a small, 1.5 × 2.5 × 1.5 cm cystic midbrain
lesion was discovered. This was managed conservatively
with serial neuroimaging until 10 years old, when he began
to experience persistent headaches, nausea, and vomiting.
MRI then showed significant lesion growth to 3.5 × 4.0 ×
3.5 cm, with hydrocephalus. VP shunt was revised follow-
ed by subtotal resection of tumor using an interhemispheric
transcallosal approach.

* Vincent Diong Weng Nga
Vincent_nga@nuhs.edu.sg

1 Yong Loo Lin School of Medicine, Singapore, Singapore
2 Division of Neurosurgery, National University Hospital,

Singapore, Singapore

Child's Nervous System (2019) 35:1227–1230
https://doi.org/10.1007/s00381-019-04147-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-019-04147-7&domain=pdf
http://orcid.org/0000-0001-5256-5669
mailto:Vincent_nga@nuhs.edu.sg


Intraoperatively, the tumor was located within the third
ventricle, involving the thalamus and cerebral aqueduct.
Histological diagnosis was that of JPA. Post-operatively,
the patient was neurologically intact apart from a slight
upward gaze palsy. Post-operative MRI revealed a 3.3 ×
3.0 × 2.9 cm residual tumor in the midbrain. The patient
was referred to The Karolinska Hospital for consideration
for GKS, as neither chemotherapy nor radiosurgery was
the standard of care for JPA in Singapore then. The deci-
sion to treat with GKS was controversial at Karolinska. It
was recommended due to the low prescription dose that
could be used to keep the risk for complications at an
acceptable level. GKS was performed based on this recom-
mendation 3 months later. Target delineation was based on
stereotactic MRI with the tumor and target volume being
21 cm3. The prescription dose was 5 Gy, with a maximum
dose of 14 Gy. The dose to the brainstem was ≤ 5 Gy. The

dose was chosen as it was likely the highest possible dose
with acceptable risks, taking into consideration the tumor
size and location. Stereotactic MR images performed prior
to GKS are shown in Fig. 1a. The patient was discharged
well on the day of treatment.

The tumor volume on MRI was approximately 7 cm3

3 years after GKS (Fig. 1b), stable around 4 cm3 the next
10 years, decreasing to 3 cm3 15 years post-GKS, and the
volume remained the same on the latest scan done 23 years
post-GKS (Fig. 1c). Tumor volume on follow-up imaging
was estimated as an ellipsoid by multiplying the 3 diam-
eters (assessed by radiologist) and dividing by 2. None of
the images showed undue radiation-induced effects. The
patient has been clinically stable since GKS with resolu-
tion of the gaze palsy 7 years ago. The patient, now
33 years old, remains well and is gainfully employed as
a customer relations officer, as of 2016.

Fig. 1 a Gadolinium contrast-
enhanced T1-weighted +C (left)
sagittal and (right) axial stereo-
tactic MRI images of the tumor
taken prior to GKS, showing a
3.3 × 3.0 × 2.9 cm residual tumor
in the midbrain; b T1-weighted
+C (left) sagittal and (right) axial
MRI images of the tumor taken
3 years thereafter; and c T1-
weighted +C (left) sagittal and
(right) axial MRI images of the
tumor taken 23 years after GKS at
the latest follow-up
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Discussion

Dose de-escalation

The 25 Gy prescription dose initially given in GKS for all but
functional indications was based on an erroneous hypothesis
[8]. Serendipitously, the dose turned out to be suitable for
small AVMs. Noren et al. [14] started to decrease the prescrip-
tion dose for acoustic neuromas, resulting in a lower compli-
cation rate without compromising tumor control. The point
where the tumor control rate drops with lowered prescription
dose has yet to be established. It is possible that further dose
de-escalation may optimize treatment outcomes.

GKS for JPA

The literature following GKS for JPA is sparse and summarized
in Table 1. The reported control rate of solid tumor was high in
all studies but the follow-up durations were short [1, 6, 7, 10]. Of
interest is the consistently high tumor control rate despite wide
variations in prescription doses (10–22 Gy), suggesting that the
tumor control rate is satisfactory even at lower doses. The com-
plication rate varied from study to study. Of note, patients treated
with 20 Gy in the Boethius study and one patient treated with
20 Gy in the Kano study developed complications [1, 7], con-
sistent with our previous study where 6/6 low-grade glioma
patients treated with ≥ 14 Gy developed complications [11].

Results of post-GKS using prescription doses of ≤
6 Gy

It is unusual to treat tumors with prescription doses of ≤ 6Gy.
Ulfarson et al. prescribed GKS of 5–6 Gy for 5 patients with
craniopharyngioma and followed them for 4–26 years [24].
The solid tumors were controlled in 4/5 while the cystic por-
tion remained stable in about half. One patient in JPA series by
Trifiletti et al. was treated with a prescription dose of 4 Gy,
resulting in local tumor control [23].

Reported course of postop JPA remnants

Gunny et al. reported that 6/10 JPA tumor remnants de-
creased spontaneously [5]. There are several reports of

spontaneous regression of JPA tumors following subtotal
resection or biopsy [4, 9, 19].

Regression of subtotally resected JPAs is an uncommon
event with a mean rate of 20% (36/166) [3, 5, 13, 15, 18,
19, 21, 22]. The extent of regression of those tumors varied
widely between 25 and 100% [3, 18, 19].

While it is difficult to ascertain if the favorable outcome in
this patient was indeed due to GKS or spontaneous regression
of tumor, studies [2, 5, 21] looking at effect of size of residual
tumor size on tumor regression showed a trend towards great-
er regression rate for those with smaller residual tumor vol-
ume. It is worth noting that none of the tumors that regressed
spontaneously in literature was > 10 cm3.

The volume of tumor in our patient is approximately
21 cm3; it is reasonable to postulate that a tumor of this
size is unlikely to regress dramatically spontaneously
based on findings in literature and that GKS likely played
a significant role in the tumor control. This is regardless of
whether or not there was any component of spontaneous
regression in the 23 years.

Conclusions

GKS using a prescription dose of 5 Gy resulted in long-
term tumor control of 23 years in our patient. It is likely
but not conclusive that GKS contributed to this favorable
outcome. Based on published literature and our observa-
tion, a reasonable approach would be to monitor remnants
of JPA, especially in young children, until evidence of
tumor growth is present. At that time, GKS may be a
feasible treatment option even if the prescription dose
must be significantly reduced due to large tumor volume
or proximity to critical structures sensitive to radiation.
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comparable ethical standards. For this type of study, formal consent is not
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Table 1 Articles reporting results following GKS of JPA

Author N Dose Mean follow-up Tumor control (%) Cyst progression (%) Complications (%)

Boethius (1) 17 10–20 Gy 6 years 100 12 30

Hafez (6) 1 12 Gy 3 years 100 0 0

Kano (7) 50 11–22 Gy 4.5 years 96 20 10

Kida (10) 12 Mean 12 Gy 2 years 92 8 17

Trifiletti (23) 28 Median 16 Gy Median 5.2 years 93 7 0
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