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Craniopharyngioma in children: trends from a third consecutive single-centre cohort study

Abstract

Object: The management of children with craniopharyngioma has evolved over time with a trend
towards less invasive neurosurgical approaches as surgeons have sought to balance oncological
control and treatment-related morbidity. To this end, the aim of this study was to evaluate the
safety and effectiveness of our current management of children with craniopharyngioma when

compared to previous cohorts managed at our centre.

Methods: A prospectively maintained database was searched over a 14-year period between 1%
January 2005 and the 31%' December 2018 to identify all children aged 17 years or less with a new
diagnosis of craniopharyngioma. A retrospective case note review was performed for each child
to extract data on their presentation, investigation, treatment, and outcome. Morbidity was assessed
in the same fashion as in previous cohorts using the following categories: visual loss, pituitary

dysfunction, hypothalamic dysfunction, neurological deficits, and cognitive impairment.

Results: In all, 59 children were identified with craniopharyngioma during the study period. A
total of 92 operations were performed including cyst drainage (35/92; 38.0%), craniotomy and
resection (30/92; 32.6%), and transsphenoidal resection (16/92; 17.4%). Approximately two thirds
of all operations were performed using image guidance (66/92; 71.7%) and one third using
endoscopy (27/92; 29.3%). The majority of children had adjuvant therapy comprising proton beam
therapy (18/59; 30.5%) or conventional radiotherapy (16/59; 27.1%). The median follow up was
44 months (range 1 — 142 months) and approximately half the children had no evidence of residual
disease on MRI (28/59; 47.5%). Of the remaining 31 children, there was a reduction in the volume
of residual disease in 8 (8/59; 13.6%), stable residual disease in 18 (18/59; 30.5%), and growth in
5 (5/59; 8.5%). There was significantly reduced morbidity in all categories compared to our last

cohort (p < 0.05).

Conclusions: Our institutional experience of paediatric craniopharyngioma confirms a trend
toward less invasive neurosurgical procedures, most of which are now performed with the benefit
of image guidance or endoscopy. Moreover, we have identified an expanding role for more

targeted radiotherapy for children with residual disease. These advances have allowed for
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78  comparable tumour control to our previous cohorts, but with significantly reduced morbidity and

79  mortality.

80 Key words: Surgery; Craniopharyngioma; Endoscopy; Image guidance; Outcomes
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Craniopharyngioma in children: trends from a third consecutive single-centre cohort study
Introduction

Craniopharyngioma is a rare but important intracranial tumour that continues to represent a
considerable challenge to the paediatric neurosurgeon. It is defined by the World Health
Organisation (WHO) histologically as a benign tumour (WHO grade I) but has often been
described as behaving in a malignant manner because of its propensity to be located close to highly
eloquent brain structures, and its propensity for local recurrence.'® Both the tumour itself, and

attempts to treat it, can result in considerable visual, endocrine, and cognitive morbidity.

Attitudes to the management of children with craniopharyngioma have evolved over time, in part
reflecting a general trend towards less invasive neurosurgical approaches.®! A survey of American
paediatric neurosurgeons approximately 20 years ago revealed that the overwhelming majority
favoured radical surgical resection.?? At our own institution, our default management had been to
perform radical resection where possible and to reserve radiotherapy for those children whose
tumours had been incompletely resected or whose tumours had recurred. In a cohort of 75 children
were treated between 1973 and 1994 the 10-year survival was 88%. Significant treatment-related
morbidity was highlighted in this cohort, particularly hypothalamic dysfunction, and a 12% (9/75)

mortality rate.>

In the following decade, we altered our management of children with craniopharyngioma to
become more flexible, with an emphasis on reducing morbidity and mortality. In brief, children
were stratified at presentation into those in whom it was deemed appropriate to attempt a radical
resection, and those considered at high risk from radical resection in whom a subtotal resection or
simple cyst aspiration was performed as part of a staged approach followed by radiotherapy either
immediately or anticipated but deferred by virtue of the child’s young age. In the subsequent cohort
of 48 children treated between 1996 and 2004, the rate of tumour control was comparable, but the

morbidity was significantly lower, and there was a 4% (2/48) morality rate.

In the years since, we have continued to refine our management of children with
craniopharyngioma, and in particular have made use of several technological advances such as

image guidance and endoscopy to facilitate less invasive neurosurgical approaches, and proton
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beam therapy to deliver more targeted radiotherapy. To this end, the aim of this study was to
evaluate the safety and effectiveness of our current management of children with

craniopharyngioma when compared to previous cohorts.
Methods

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement

was used in the preparation of this section of the manuscript.*

The study was registered as a Service Evaluation study with the Great Ormond Street Hospital for
Children NHS Foundation Trust Clinical Audit Committee and the University College London
Hospitals NHS Foundation Trust Clinical Audit Committee. Informed consent was not sought, as

this was a retrospective study.
Setting and Participants:

The study was conducted at Great Ormond Street Hospital for Children, which acts as the regional
referral centre in North London for children with brain tumours, and the National Hospital for
Neurology and Neurosurgery, where most of our patients are transitioned for continuing care once

they enter adulthood.

Our current management of children with craniopharyngioma is modified according to their
clinical presentation and imaging features but generally includes a combination of surgical

resection and radiotherapy (Figure 1).

Before surgery, each case is discussed in a dedicated multidisciplinary meeting and managed
jointly by the surgical and medical team, which includes endocrinologists, ophthalmologists, and
radiation oncologists. A decision is then made on the surgical approach. Large cystic components
are drained primarily. The decision to proceed with radical surgical resection is dependent on
clinical and radiological features. Children who demonstrate hypothalamic dysfunction at
presentation are more likely to have involvement of the hypothalamus on imaging; we are reluctant
to attempt complete resection in these cases. De Vile ef al described the association of pre-

operative hypothalamic involvement on MRI with obesity.* Absence of the pituitary stalk,
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displacement of the optic chiasm, and peri-tumoural hypothalamic oedema are all known to be
associated with pre-operative hyperphagia and obesity.?* Acute hydrocephalus is also a predictor
of hypothalamic involvement.®?* The relationship of the tumour to the walls of the third ventricle,
best seen in the coronal plane, defines hypothalamic involvement; increased signal change on T2-
weighted and FLAIR sequence MRI, as well as contrast enhancement, predicts increased
hypothalamic risk.*® Increased risk is also associated with tumours that extended posterior to the
mamillary bodies.?” Tumours extending into the ventricular system are also known to be associated
with increased risk and those with a retro-chiasmatic growth pattern and an incompetent diaphragm

are associated with a higher post-operative BMI.2+3

In addition to clinical and anatomical factors, our decision to proceed with radical resection is also

influenced by scoring systems that were published during this cohort (8,9).26-28

These systems
attempted to objectively define the degree of hypothalamic involvement and the associated risk of
complete resection. On the basis of their 66 paediatric craniopharyngiomas, Puget et a/ published
a simple three-point scoring system, based on coronal and sagittal MRI, where hypothalamic
involvement was classified as 0 (no involvement), grade 1 (tumour abutting or displacing the
hypothalamus), and grade 2 (hypothalamus significantly involved and no longer identifiable).?® In
another classification, the location of the tumour was defined as involving one of four areas:
limited superiorly by the diaphragma sellae, below the optic chiasm and mamillary bodies, or
above the latter two structures.?® This last group is further subdivided into areas anterior and

posterior to the mamillary bodies. Involvement of higher and more posterior structures was

associated with higher risk.

During surgery, we frequently make use of image guidance and endoscopy depending on their
availability and individual surgeon preference, in an attempt to reduce the risk of injury to the

hypothalamus.

Following surgery, each case is rediscussed in the multidisciplinary meeting to consider the
pathology findings, clinical progress, and post-operative imaging features. A decision is then made
on ongoing management with proton beam radiotherapy, conventional radiotherapy, or simple

surveillance with serial imaging.



163
164
165

166

167
168

169
170
171
172
173
174
175
176
177
178
179

180

181
182
183
184

185
186
187
188

Craniopharyngioma in children

All cases are recorded on a prospectively maintained database, and this database was searched
over a 14-year period between 1% January 2005 and the 31 December 2018 to identify all children

aged 17 years or less with a new diagnosis of craniopharyngioma.
Variables and data sources:

A retrospective case note review was performed for each child to extract data on their presentation,

investigation, treatment, and outcome.

Data on each child’s presentation included their age, gender, symptoms, and signs. Data on their
investigation included the location and signal characteristics of the craniopharyngioma on
Magnetic Resonance Imaging (MRI), and the presence of associated ventriculomegaly. Data on
their treatment included both operative and non-operative interventions, and any associated
complications. Data on their outcome included evidence of tumour control on post-operative
imaging, morbidity, and mortality. Morbidity was assessed in the same fashion as in previous
cohorts using the following categories: visual loss, pituitary dysfunction, hypothalamic
dysfunction, neurological deficits, and cognitive impairment, as measured at last follow up (Table
1).3¢ Cognitive impairment was evaluated according to educational requirements, which has the
advantage of being easily identified in retrospective analyses. In each category, severity was rated

between 0 (best) and 3 (worst).
Study size and statistical methods:

No formal power calculation was performed. Instead, the sample size was determined on a
constraint-based pragmatic approach and on our previous cohort studies.’*® We considered a
minimum of 50 children sufficient for meaningful comparison to previous cohorts, and it was

estimated that this would be achieved over a 14-year period.

Data were analysed using with SPSS v 20.0 (IBM, Illinois, USA). The mean and standard deviation
were calculated for parametric variables, and the median and interquartile ranges calculated for
non-parametric variables. The Chi-square test and Fishers exact test were used to compare

categorical variables. A value of p < 0.05 was considered statistically significant.
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Results

Presentation and Investigation:

In all, 59 children were identified with craniopharyngioma during the study period. The median
age was 8.5 years (range 1 — 17 years), and the male:female ratio 1.36:1. The most common
presenting symptoms were headache (33/59; 55.9%), vomiting (25/59; 42.4%), and visual loss
(22/59; 37.2%). Other common symptoms were related to endocrine dysfunction and included
short stature (14/59; 23.7%), lethargy (11/59; 18.6%), and polydipsia and/or polyuria (8/58;
13.6%). Cognitive and behavioural symptoms were rare at presentation (4/59; 6.8%), and in two
cases the craniopharyngioma was diagnosed incidentally following a minor head injury (2/59;

3.4%).

The most common signs were ophthalmic and included reduced visual acuity in one or both eyes
(37/59; 62.7%), papilloedema and optic atrophy (13/59; 22.0%), restricted visual fields (8/59;
13.6%), and ophthalmoplegia (6/59; 10.2%). Other signs included ataxia (8/59; 13.6%) and a

reduced level of consciousness (2/59; 3.4%).

The most common location for craniopharyngioma was suprasellar (38/59; 64.4%); in four of these
cases the tumour extended into the third ventricle, in two cases into the posterior fossa, and in one
case into the anterior fossa. In the remaining cases the craniopharyngioma was located in both the
sellar and suprasellar region (14/59; 23.7%) or within the sellar region alone (7/59; 11.9%). In
approximately a fifth of cases the craniopharyngioma appeared cystic (12/59; 20.3%) and a similar
proportion appeared calcified (9/59; 15.3%). There was associated ventriculomegaly in 24 cases

(24/59; 40.7%).

Treatment:

A total of 92 operations were performed in the 59 children. Overall, these operations were less
invasive than in previous cohorts (Figure 2). The most common operation was cyst drainage
(35/92; 38.0%), and in most of these cases a reservoir was left to allow access post-operatively
(30/92; 32.6%). The other common operations were craniotomy and resection (30/92; 32.6%) and

transsphenoidal resection (16/92; 17.4%). Five children underwent insertion of a
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ventriculoperitoneal shunt (5/92; 5.4%). Approximately two thirds of all operations were
performed using image guidance (66/92; 71.7%) and one third using endoscopy, including

transsphenoidal and transventricular approaches (27/92; 29.3%).

Post-operative complications included CSF leak (4/92; 4.3%) and wound infection (3/92; 3.3%).
One child had a post-operative intracerebral haematoma that required surgical evacuation, one
child developed hydrocephalus that required a ventriculoperitoneal shunt, and one child had

seizures that were managed medically. The median length of stay was 10 days (range 1 — 44 days).

The majority of children had adjuvant therapy including proton beam therapy (18/59; 30.5%) or
conventional radiotherapy, typically 50 Gy in 30 fractions (16/59; 27.1%). Three children had

interferon-alpha therapy for cystic recurrence.

Post-therapy complications included one child who developed vasculopathy following proton

beam therapy.

Outcome:

The median follow up was 44 months (range 1 — 142 months). The actuarial progression free
survival curve is illustrated in Figure 3, and the overall 10 year progression free survival was
estimated to be 68.8%. At last follow up, approximately half the children had no evidence of
residual disease on MRI (28/59; 47.5%). Of the remaining 31 children, there was a reduction in
the volume of residual disease in 8 (8/59; 13.6%), stable residual disease in 18 (18/59; 30.5%),
and growth in 5 (5/59; 8.5%).

One child with growth of residual disease died, and this was thought to be due to tumour
progression (1/59; 1.7%). The other four children with growth of residual disease remain under

active management.

The visual loss, pituitary dysfunction, hypothalamic dysfunction, neurological deficits, and
cognitive impairment before and after treatment are summarised in Table 2 and Figure 4. After
treatment, children were significantly less likely to have visual loss, but more likely to have

pituitary dysfunction, compared to before treatment (p < 0.01 in both cases).

10
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There was an obvious trend towards reduced morbidity in all categories compared to our previous
cohorts. Before treatment, the visual loss, pituitary dysfunction, hypothalamic dysfunction,
neurological deficits, and cognitive impairment, were similar to the last cohort (p > 0.1 in all cases).
After treatment, however, the visual loss, pituitary dysfunction, hypothalamic dysfunction,
neurological deficits, and cognitive impairment, were all significantly reduced compared to the

last cohort (p < 0.05 in all cases)
Discussion
Principal findings:

In our most current cohort of children with craniopharyngioma, we have confirmed a clear and
growing trend towards the use of less invasive neurosurgical procedures, most of which are now
performed with the benefit of image guidance or endoscopy. Moreover, there is an expanding role
for more targeted radiotherapy for children with residual disease. These advances have allowed
for comparable tumour control to our previous cohorts, but with significantly reduced morbidity

and mortality.
Comparison with other studies:

Our finding of a trend towards less invasive neurosurgical procedures, and increased use of image
guidance or endoscopy, is in keeping with the literature. In a recent analysis of patents and peer-
reviewed publications within neurosurgery, we found that image guidance and endoscopy were
among the top five performing technology clusters over the last 50 years.?> We speculate that the
increased availability and familiarity of image guidance and endoscopy in this cohort compared to
previous cohorts allowed for more frequent cyst drainage and transsphenoidal resection

respectively.

The use of image guidance in neurosurgery has promulgated since the development of frameless
techniques in the 1980°s and 1990°s.!%*° Image guidance has two distinct roles in neurosurgery:
first, to better define the surgical approach; and second, to allow for unambiguous tissue dissection,
particularly in the context of tumour resection. Currently, image guidance platforms are largely

used for the former, and several groups have reported their use to facilitate less invasive

11
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neurosurgical approaches when managing children with craniopharyngioma and other skull base

91214161739 Although image guidance was used in approximately two thirds of all

tumours.
operations in our current cohort, it was used for almost all operations in the latter years, and we
now consider it a standard of care. In the near future, intra-operative imaging with ultrasound, CT,
or MRI, may routinely allow for an increased extent of tumour resection, while preserving highly

eloquent brain structures, and this is already the case in many centres.®!!-23

The use of endoscopy in neurosurgery has also increased since the development of the SELFOC®
lens (Go!Foton New Jersey, USA), Charge-Coupled Device (CCD), and fibre-optic light source,
in the 1980°s.!® Endoscopy allows for an improved viewing angle, higher magnification, and
increased illumination, when operating through a narrow surgical corridor, making it ideally suited
to the management of deep-seated tumours such as craniopharyngioma. A number of groups have
reported the use of the endoscopic intraventricular and endoscopic endonasal transsphenoidal
approaches when managing children with craniopharyngioma.?”12141617 Advances such as 3-
Dimensional and High Definition endoscopy may further improve visualisation in the coming

years.?!

Alongside the aforementioned trend towards the use of less invasive neurosurgical procedures
when managing children with craniopharyngioma, there has also been a trend towards the use of
more targeted radiotherapy including proton beam therapy. There remains limited comparative
evidence in the literature for the use of proton beam radiotherapy over external beam radiotherapy.
Nonetheless, several retrospective studies have suggested that proton beam radiotherapy is at least
as safe and effective as external beam therapy, and that worldwide a growing number of children

are being treated at proton centres, 134!

The outcome of our new, less invasive, management paradigm has been a significant reduction in
morbidity and mortality rates in our current cohort when compared to previous cohorts of children
with craniopharyngioma, while maintaining good tumour control rates. These findings are
consistent with the literature. In a recent systematic review, Clark et al/ identified 109 studies
reporting the outcome of 531 children that underwent treatment for craniopharyngioma, and
concluded that gross total resection was associated with increased risk of endocrine dysfunction

and neurological deficits compared to subtotal resection and radiotherapy.?

12
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Our treatment related morbidity and morbidity rates compare favourably to reports from other high
volume centres. In a recent narrative review, Muller et a/ found that following treatment the rate
of permanent diabetes insipidus was reported to be between 40 and 93% and the rate of growth
hormone deficiency was between 70 and 92%, compared with a rate of 61% with pituitary
dysfunction in our current cohort.?® The rate of hypothalamic dysfunction such as obesity was also
found to be high, reaching up to 55%, compared with 17% in our current cohort.?> Similarly, the
rate of neurological deficits such as hemiparesis was reported to be 8%, and cognitive impairment

was 18%, compared with a rate of 7% and 17% respectively in our current cohort.?

Other centres that have adopted analogous management paradigms, and have taken great care to
spare the hypothalamus, have reported similarly favourable outcomes. Puget ef al reported no new
cases of hyperphagia, morbid obesity, or behavioural dysfunction, in a cohort of 22 children.?®
Mallucci et al also reported no new of cases of hyperphagia or morbid obesity, in a cohort of 20

patients.?’

At last follow up, 91.5% (54/59) of our current cohort of children with craniopharyngioma had no
or stable residual disease on MRI, with the remaining five children showing tumour progression,
and one tumour-related death. Other centres have also achieved good tumour control rates
following subtotal resection when followed by contemporary radiotherapy. Stripp et al reported
that 84% of children and young adults had tumour control at 10 years following subtotal resection
and radiotherapy when compared to only 42% of following subtotal resection alone.*> Karavitaki
et al reported that 77% of patients had tumour control at 10 years following subtotal resection and
radiotherapy compared to 38% following subtotal resection alone.!* Schoenfeld et al reported that
73% of patients had tumour control at 2 years compared to 36% following subtotal resection

alone.’3
Limitations:

The present study has several limitations. Morbidity was assessed in the same fashion as in
previous cohorts and, while less detailed than reported by other groups, has allowed for meaningful
comparison to our previous cohorts. The median follow up of 44 months was short, in part due to

the fact that many of our patients transition to other hospitals once they enter adulthood, but did

13
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allow for evaluation of tumour control on post-operative imaging, morbidity, and mortality. The
sample size of 59 children was small because craniopharyngioma is rare, but nonetheless met our

a priori minimum of 50 children.

More generally, although the cases were recorded on a prospectively maintained database, the data
was drawn from a retrospective case note review, and was therefore liable to inherent

disadvantages such as incomplete or inaccurate data, selection bias, and lack of control.
Conclusions

Survival rates craniopharyngioma are good, with the majority of children expected to reach
adulthood. However, despite its benign histology the treatment-related morbidity for
craniopharyngioma, and the propensity for local tumour recurrence, have meant that hitherto many

children have faced a lifetime of medical and neurosurgical intervention.

Our third consecutive cohort of children with craniopharyngioma confirms a trend toward less
invasive neurosurgical procedures and more targeted radiotherapy. This trend is associated with a
considerable reduction in morbidity and mortality following treatment, while maintaining good

tumour control rates.

In the coming years, our focus will now be on maintaining acceptable morbidity and mortality,
while increasing the effectiveness of treatment, particularly for children with tumours that involve
critical structures such as the hypothalamus, or appear to have a particular biological propensity
for recurrence. We speculate that innovative treatments such as targeted medical therapy®’ or high
=

intensity focused ultrasound (HIFU)~’, may play a role in achieving this goal, alongside continued

refinement of our management paradigm.

14
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Figures

Figure 1. Illustrative case of an 8 year-old girl that presented with headache, vomiting, and blurred
vision. (a) Pre-operative TIl-weighted MRI Brain demonstrating sellar and suprasellar
craniopharyngioma, (b) Post-operative TI1-weighted MRI brain following extended
transsphenoidal resection of the craniopharyngioma, and (c) Post-treatment T1-weighted MRI

brain following Proton Beam Therapy.

Figure 2. Chart illustrating the varying number of cyst aspirations, transsphenoidal resections, and

craniotomy and resections in (a) the 2005 to 2018 cohort, and (b) the 1996 to 2004 cohort.

Figure 3. Kaplan-Meier curve illustrating the actuarial progression free survival for the 2005 to
2018 cohort. Time was measured from the initial surgery. Recurrence was determined by post-

operative imaging.

Figure 4. Graph illustrating morbidity before and after treatment, in the present and previous
cohorts. In each category, the severity is reported as a proportion of the maximum possible score

(0% = no patients have any morbidity; 100% = all patients have maximal morbidity).
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