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Treatment of Cystic Craniopharyngiomas:
An Update

Federico Bianchi, Alberto Benato, and Luca Massimi

4.1 Introduction

Adamantinomatous craniopharyngioma (AC) is a rare brain tumor arising from
remnants of the craniopharyngeal duct epithelium. It accounts for 1.53-2.92/100,000
cases/year in children under 15 years and for 5-10% of sellar tumors in the pediatric
population [1, 2]. AC is largely most common than the papillary variant in children
and, in about 90% of the cases, it shows a cystic or multicystic component with a
variable size [3].

Since the first experience with this tumor by Harvey Cushing [4], AP still contin-
ues to represent a significant challenge for the clinicians for several reasons:

1. The cystic components may reach a huge volume, determining acute hydroceph-
alus as well as causing compression even in intracranial districts far from the site
of origin (Figs. 4.1 and 4.2). Cases of gigantic AC even reaching the posterior
fossa and the cerebello-pontine angle are not rare in the clinical practice [5];

2. The site of origin together with the progressive growth in the cisternal spaces
accounts for both the frequent encasement of eloquent or vital structures (optic
pathways, pituitary gland and stalk, hypothalamus, Willis’ circle) and the pos-
sible endocrinological, visual, and neurological deficits at diagnosis and after the
treatment (Figs. 4.1 and 4.2);
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Fig. 4.1 Typical MRI appearance of AC in a 9-year-old boy. Note the large, multiple, and not
homogeneous cysts (a—f), invading also the retroclival space of the posterior fossa (b). The solid
portion is extended from the sellar/suprasellar region to the third ventricle, making the hypothala-
mus not recognizable (a) and the third ventricle visible only in its posterior part (f). An encasement
of the Willis’ circle is present (¢). After gadolinium administration, an irregular enhancement of the
solid portion and a thin enhancement of the wall of the major cyst can be appreciated (e, f). Because
of the mass effect, especially due to the greater cyst (d), a biventricular hydrocephalus results (b, ¢)
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Fig. 4.2 CT scan of the same case in Fig. 4.1. Note the irregular appearance of the cysts and the
gross calcifications in the solid portion (a) and along the wall of the major cyst (b)

3. The aforementioned aspects make the surgical management of AC challenging.
The gross total resection (GTR) of this tumor, which is still the most effective
treatment option whenever possible to ensure the longest disease and progres-
sion free survival, is hard to be obtained [3, 6];

4. In spite of the apparently benign biological behavior, the risk of tumor recur-
rence is high even after GTR [3]. Moreover, AC can show an aggressive course
with recurrence even after an appropriate surgical and adjuvant (radiation ther-
apy) management [7];

5. A solid multidisciplinary team is needed for a proper management of the patients
affected by AC, either in childhood and adulthood, namely because of the pos-
sibly permanent posttreatment deficits, which range from the hormonal to the
visual, neurological, and cognitive ones. Moreover, successful surgery can be
complicated also by unusual events, such as vasospasm in case of huge cyst
removal [8].

In this chapter, the latest advances in the knowledge and the management of
cystic AC are addressed, focusing onto the pertinent literature as well as on the
authors’ experience. The first part of the article is dedicated to the most important
new insights from the base research. Actually, to improve the knowledge of such a
complex tumor is mandatory to enhance its treatment, looking also for possible
target therapies. Under a biologically and molecular point of view, indeed, AC is a
surprisingly rich tumor. The second part encompasses the progresses in the manage-
ment strategies.
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4.2 Basic Research

4.2.1 CTNNBI-WNT-p-Catenin

The dysregulation of WNT/B-catenin pathway is typical of AC, being observed in
57-96% of cases [9]. The WNT pathway is necessary for the organ formation during
the embryogenesis and for maintaining the stem cells in adulthood, while the
[-catenin is a key protein among the WNT pathway encoded by CTNNB1 gene [10,
11]. More in details, f-catenin is a cytoplasmic protein whose role is to control gene
transcription and cell adhesion and migration. Somatic mutations in exon3 of
CTNNBI1 gene are hallmarks leading to lack of regulatory residues of the p-catenin
protein stability. Following such modifications, 3-catenin tends to accumulate inside
the cells as a result of lacking p-catenin destruction complex formation (via altera-
tions of serine and threonine residues at phosphorylation sites of GSK-3f) [12, 13].
Cytoplasmatic increase in f-catenin levels leads to its translocation into the nucleus
where interaction with transcription factors, as lymphoid enhancer-binding factor
1/T-cell-specific transcription factor, takes place. Those interactions stimulate cell
proliferation and migration through the expression of the actin bundling protein fas-
cin-1 and activation of WNT pathway [9]. Such a condition leads to a growth factor
signaling disruption and eventually to an increased expression in epidermal growth
factor receptor (EGFR), vascular endothelial growth factor (VEGF), fibroblast growth
factor (FGF), growth hormone (GH) receptor, and insulin-like growth factor (IGF)-1
receptor (IGF-1R), thus explaining the invasion properties of AC cells [14, 15].

The p-catenin accumulation has been shown also by immunohistochemical stud-
ies demonstrating how, though tumor cells show normal membranous expression of
[-catenin (despite carrying CTNNB1 mutations), not all tumoral cells but, rather,
only clusters of them present the f-catenin accumulation [3, 13, 15-17]. Only this
small population of cells would be responsible for AC growth and proliferation [18].

Animal studies depicted the role of f-catenin-accumulating cell clusters as a
control tower for AC cells. In these experiments on murine models, a degradation-
resistant (activated) form of p-catenin is expressed in either Rathke’s pouch deriva-
tives (Hesx1Cre/+/Ctnnbllox(ex3)/+ mouse line; AC embryonic model) or
Sox2-expressing adult pituitary stem cells (Sox2CreERT2/+/Ctnnbllox(ex3)/+
mouse line; AC inducible model) [19]. Clusters of this -catenin would act in a
paracrine manner by secreting promoting factors or inflammatory modulators as
SHH, FGFs, BMPs, TGFB1, IL1, IL6, and other chemokines. The described para-
crine tumorigenesis mechanism is believed to be determined by f-catenin cluster
cells’ positivity for cellular senescence markers, such as viable but nonproliferative
expression of cell-cycle inhibitors, increased lysosomal compartment, presence of
DNA damage, and activation of a DNA damage response [3, 20]. These cluster cells
are, thus, able to promote proliferation and invasion of the nearer AC cells improv-
ing at the same time their pro-tumorigenic microenvironment. Further corrobora-
tion of the importance of senescence in AC came from the upcoming evidence of
efficacy of ‘senolytics’ drugs in reducing tumorigenic potential [3, 21].
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Despite the centrality of the WNT/B-catenin signaling in AC development, no
current targeted treatment options are available yet. In adults, non-CNS tumors’
inhibition via reagents such as XNW7201, CGX1321, and RXC004 is reported in
ongoing trials, but there are no data on children yet also because of the concerns on
the possible off-target effects [9]. However, the CTNNB1 mutation remains an
important prognostic factor, pointing a higher risk of recurrence [22]. The recent
study by Zhu et al. actually confirmed that the cyst components in AC with CCTNBI1
mutation show more aggressive radiological characteristics than in the wild type
[23]. These radiological characteristics are: presence of multiple cysts (vs. single
cyst), irregular shape of the cyst (vs. regular shape), hypointense signal of the inte-
rior cyst on T1-MRI (vs. hyperintense), enhancement of the cyst wall after gado-
linium (vs. missing enhancement), and adherence to the optic chiasm (vs. no
compression on the optic chiasm).

4.2.2 Inflammatory Mediators

Differently from the WNT/B-catenin pathway, which is crucial to understand the
ontogenesis of AC but still with a limited role for its treatment, the inflammatory
response that AC can generate plays a promising role not only to explain the tumor
development and progression but also to find possible therapeutic targets. Both AC
cystic and solid components, indeed, express various cytokines, chemokines, and
inflammatory mediators, which can be involved in various cancer cells activities
[24]. Therefore, the link between immune response and AC raises a great interest in
the scientific community just because of the potentially wide field of therapeutic
options that it opens [9, 14, 19, 25].

According to immunohistochemical and proteomic studies, the composition of
cystic fluid appears to be characterized by a rich spectrum of well-known cytokines.
Actually, some studies highlighted the presence of high levels of cyst fluid IL-6,
IL-8, CXCLI1, and IL-10, while other studies reported on high levels of tumor
necrosis factor as well as inflammasome-like patterns triggered by the cholesterol
crystals typically present in AC [19, 26]. The aforementioned studies also pointed
out an overexpression of immunosuppressive factors (IL-10, indoleamine-pyrrole
2,3-dioxygenase and galectin-1) as well as programmed death ligand 1 (PD-L1)
[14, 15, 19, 21, 26, 27].

The proteomic analysis, performed onto AC cystic fluid with high-performance
liquid chromatography and mass spectrometry, usually shows high levels of inflam-
matory proteins [28]. In the authors’ group experience, a-defensins 1-3 were the
first of such proteins to be detected [29]. Human a-defensins are contained in the
azurophilic granules of neutrophils, working as antibacterial and antiviral factors.
Increased levels can be observed in the saliva of patients with oral squamous cells
carcinoma and in the plasma of patients with sepsis. The high levels observed in AC
cystic fluid would suggest no blood barrier disruption for the cyst formation, since
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the serum levels of defensins are very low. The preoperative high levels of
a-defensins we found would therefore indicate a role of inflammation in stimulating
the secretion of cyst fluid by the epithelial cells of the cyst wall, while the decrease
of defensins in the postoperative period would account for the reduced fluid produc-
tion and the cyst shrinkage [29]. As further support to this hypothesis, the same
study demonstrated that a treatment with interferon-a (an antiviral protein produced
by peripheral leukocytes) is able to reduce the defensins levels through an antitu-
moral effect on the squamous epithelial cells, an immunomodulatory action on the
recruitment of inflammatory cells, and an antiangiogenic activity. Moreover,
Jokonoya et al. reported on the antibacterial properties of AC cyst fluid mediated by
a-defensins [30]. Their study started from the evidence of a low rate of infection in
exposed Ommaya reservoir after skin breakdown in patients with AC. The
a-defensins’ immune response of AC cyst fluid was demonstrated against Gram
positives, but not against Gram negatives. A possible explanation for this discrep-
ancy is that some components of the cystic fluid, like magnesium, alkaline phospha-
tase, blood urea nitrogen, glucose, urea, and creatinine, are more likely to interfere
with Gram-positive bacteria than Gram-negative ones. Finally, other studies
depicted how interferon-o treatment leads to a decrease not only in the cyst fluid
concentrations of a-defensins, but also in the cyst volume (tumor shrinkage). Such
a fluid volume reduction appears to be mediated by the activation of the Fas apop-
totic pathway [31, 32].

The extensive proteomic analysis on AC cystic fluid, obtained by integrating
bottom-up and the top-down approach, allowed us to find several other inflamma-
tory or similar proteins, thus leading to the hypothesis that AC is an “inflamma-
tory” tumor [28, 33—35]. The most important among them are: (1) Apolipoproteins,
possibly involved in the cyst fluid formation and characterization. Apolipoprotein
C-I (synthetized in the liver and secreted in the plasma but expressed also in the
brain) is actually necessary for the cholesterol and triglycerides’ removal from the
tissues. Apolipoprotein A-I, on the other hand, is involved in the inverse choles-
terol transport and cholesterol esterification and is characterized by anti-inflamma-
tory and antioxidant properties; (2) al-antichymotrypsin, possibly involved in the
production of the cyst fluid. Secreted glycoprotein of the serpin family, this protein
acts as inhibitor of chymotrypsin-like serine proteases and mast cell chymasesm,
thus having a role in inducing the acute phase of inflammation (it is upregulated in
CSF of patients with glioblastoma); (3) a2-HS-glycoprotein (or fetuin A), possibly
involved in the cyst fluid formation and characterization. It is a serum glycosylated
heterodimer involved in the tissue mineralization and in the processes of pathologi-
cal mineralization. By binding of small clusters of calcium and phosphate, it can
act as pro-inflammatory, pro-calcification, and signaling protein; (4) f-thymosins,
possibly involved in the progression of AC. B-Thymosins are a family of 16 pep-
tides first isolated from the calf thymus. The isoform 4 and B10 are abundant in
extracellular fluid because of a cell damage or a secretory process. In cystic AC, the
isoform B4 (TP4) is 10 times more expressed than $10. TP4 is a major G-actin-
sequestering molecule in mammals, regulating the organization of the cytoskeleton
and thus influencing the cell differentiation, migration, and morphogenesis. In
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addition, it promotes angiogenesis, tissue repair, and tumor growth. The upregula-
tion of TP4 would be able to promote the motility and invasion of AC cells by
activating the matrix metalloproteinase 7 and by activating the WNT/B-catenin
pathway [36, 37].

The key role of inflammation in the genesis/progression of AC has been con-
firmed by several other studies demonstrating an overexpression of inflammatory
mediators both in the solid and in the cystic component [19, 25-27, 38—41]. In sum-
mary, these studies show that: (1) The cyst fluid has a high concentration of cyto-
kines and chemokines (namely, IL-6, IL-8, IL-10, CXCL1) that correspond to the
transcriptomic analysis of the solid counterpart; (2) IL-6, in particular, seems
involved in inducing the inflammatory reaction surrounding the tumor. AC is able to
produce IL-6 and its receptor (IL-6R) and glycoprotein 130 which are useful also
for the AC cells migration; the block of IL-6 with monoclonal antibody (tocili-
zumab) significantly decreases AC cells migration; (3) The transcriptomic analysis,
on the other hand, demonstrates high levels of several inflammatory factors (FGF,
TGFB, and BMP families) as evidenced by immunostaining against the phosphory-
lated proteins pERK1/2, pPSMAD3, and pPSMAD1/5/9. The inhibition of the MAPK/
ERK pathway with trametinib (a MEK inhibitor) reduces the proliferation and
increases the apoptosis in AC cultures; (4) On these grounds, given this inflamma-
tory role in AC genesis and progression, several targets for inflammation blockade
are under investigation. As mentioned, one of the more interesting targets is IL-0,
whose blockage was proven efficient in systemic illnesses such as juvenile idio-
pathic arthritis, multicentric Castleman disease, and CAR (chimeric antigen recep-
tor) T-cell-induced cytokine release syndrome. Tocilizumab and siltuximab are
indeed human monoclonal antibodies binding both IL-6 receptor and IL-6, thus
hindering IL-6 from exerting its proinflammatory effects. In addition, antagonists of
pro-inflammatory cytokines such as IL-8 and CXCL1 have also shown therapeutic
potential in preclinical human cancer models. Among the potential drugs, BX-ILS,
an antibody that inhibits IL-8 function, is supposed to be useful in countering tumor
growth in various preclinical studies, even though no definite data are available yet,
thus preventing clinical application at the moment [42, 43].

4.2.3 Other Factors and Pathways

4.23.1 Programmed Cell Death Protein 1/Programmed Death-Ligand 1
(PD-1/PD-L1)

AC has been demonstrated to show tumor cell-intrinsic PD-1 expression in whorled
epithelial cells with nuclear-localized f-catenin and to express PD-L1 by tumor
cells comprising the cyst lining [44]. PD-1 and PD-L1 could be potential targets
since the epithelial cells exhibit elevated target for rapamycin (mTOR) and mitogen-
activated protein kinase (MAPK) signaling.
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4.2.3.2 Sonic Hedgehog Pathways (SHH)

SHH was considered a promising source for target therapy because it plays a role in
the regulation of cell differentiation and proliferation, and because it is involved in
the development of the Rathke’s pouch [45]. Actually, an upregulation of SHH sig-
naling has been found in AC [46]. Nevertheless, the studies on animal models dis-
courage the use of SHH inhibitors for the treatment of AC. Indeed, visomodegib, a
SHH pathway inhibitor, produces a significant reduction of the median survival in
murine models and increases the tumor cells proliferation in AC human cultures [47].

4.23.3 BRAF

BRAF mutations, although peculiar of papillary craniopharyngioma (PC), can be
encountered also in AC. BRAF gene encodes for B-Raf, a cytosolic kinase in the
mitogen-activated protein kinase (MAPK) pathway. The mutation on V60OE point
raises great interest about the possible therapeutic implications. Indeed, in tumors
like melanoma, targeted therapies against this variant of mutated BRAF showed a
significant efficacy, modifying completely the prognosis and the treatment proto-
cols [3, 15]. An interesting report on BRAF role in AC has been provided by Petralia
et al. who made a thorough proteomic analysis [48]. Accordingly, even though the
BRAFV600E mutation is rare in AC in comparison with PC, the proteomic changes
in non-mutated AC still resemble those of BRAFV600E low grade glioma tumors.
Such a finding would suggest a hypothetical benefit of chemotherapy against BRAF
mutation, despite the presence of the gene alteration.

4.2.3.4 Retinoic Acid Receptors (RARs)

As confirmation of the relatively high number of molecular alterations that it can
show, AC also presents immunoreactivity to RARs, namely RARa, RARD, and
RARg, the RARg/RARb immunoreactivity ratio being strictly related to the AC
recurrence risk. RARS’ role is to drive cell maturation and differentiation; therefore,
alterations in their pathways might result in tumorigenesis. RAR isotypes’ expres-
sion seems to be associated with a higher recurrence rate. Such a finding was related
to the expression of specific cathepsins, which are proteases necessary for cell turn-
over. Cathepsins D, B, and K seem to be most important cathepsins involved, which
are already known to have a role in neurodegenerative diseases [14, 15, 49-51].

4.2.3.5 BMP and MMPs

Bone morphogenetic protein (BMP) and matrix metalloproteinases (MMPs) path-
ways are involved in the aforementioned paracrine growth-related signaling [15,
18]. Those proteins are downstream effectors of the WNT/B-catenin-mediated tran-
scription, thus being abnormal in function in CTNNB1 mutations. AC cells highly
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express both BMP2 and BMP4, which result in the formation of the intracystic
calcic components. Alterations in MMPs encoding, on the other hand, lead to a
modification in the extracellular environment resulting in an enhanced tumor inva-
sive capacity.

4.2.3.6 VEGF and HIF-1x

Vascular endothelial growth factor (VEGF) is a key regulator in angiogenesis being
involved in many tumor growths, while hypoxia inducible factor lae (HIFla) is a
transcription factor often altered affected in cancer cells where the cellular response
to hypoxia is downregulated. With regard to AC, there are conflicting results about
the role these factors could play in the tumor recurrence. Actually, Liu et al. docu-
mented their high levels in recurrent AC, while Xu and colleagues did not experi-
ence this phenomenon [52, 53].

4.2.3.7 Survivin

Survivin, which is an antiapoptotic protein, seems to be involved in AC tumorigen-
esis. In fact, this protein was found to be selectively increased in AC compared to
normal brain [54]. In addition, survivin is present in higher levels in recurrent ACs
compared with nonrecurrent ones [14].

4.2.38 Ep-CAM

Epithelial cell adhesion molecule (Ep-CAM) is a cell-to-cell adhesion molecule
whose altered expression can be found in several various systemic tumors as well as
in the AC stellate reticulum cells and whorl-like arrays. This finding is considered
to be associated with higher risk of AC recurrence [14, 55].

4.2.3.9 Osteonectin

Osteonectin is a protein that can be seldom involved in metastatic cancers. Some
studies suggested its role in organizing the stromal tissue surrounding AC cells
facilitating their diffusion [14, 56].

4.2.3.10 P53 Protein

p53 is a well-known cell-cycle regulatory protein and tumor suppressor most often
involved in tumorigenesis [57]. Its role in AC was largely debated, being initially
denied and, afterwards, reconsidered based on new evidences that seem to correlate
p53 level increase with the AC recurrence risk: the higher the p53 levels, the higher
the chance to have a more aggressive AC [14, 58].
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4.2.3.11 Ki-67

Ki-67 is a nuclear protein commonly used as a proliferation marker [59]. Similarly,
to what happen with p53, increased Ki-67 expression appears to be common in
aggressive AC. Prieto et al. suggested that high Ki-67 expression can be considered
as a reliable marker in predicting aggressive behavior and recurrence risk of AC
[14, 60].

4.3 Treatment Options

4.3.1 Evolution of the Surgical Management

Being deep-seated tumors, embracing vital neural and vascular structures, AC has
been representing one of the major challenges for neurosurgery over the last cen-
tury. Nonetheless, progress and diffusion of microsurgical techniques made these
lesions increasingly approachable, leading to a progressive adoption of aggressive
resective strategies. This was motivated by the traditional belief that the “benign”
histology of craniopharyngioma made it a curable disease, so that it was worth tak-
ing the risks of radical excision. This trend, culminating in the 1990s, was rein-
forced by the increased availability of hormonal substitutes, which permitted to
balance the postoperative endocrinological and electrolyte disturbances that were
one of the dreaded consequences of aggressive surgical approaches [61, 62]. On the
other hand, however, thanks to the accumulating evidence gathered through large
follow-up series, the long-term outcome of aggressively treated patients (especially
those with hypothalamic involvement) was often showed to be disappointing
because of the relatively high rate of recurrence (in at least 17.6% of patients after
microsurgical gross total resection) and the inveterate consequences of multi-
hormone imbalances (with up to 70% of patients developing diabetes insipidus and
30% obesity or hyperphagia) [61, 63—-65]. Therapeutic approaches thus started to
shift towards the experimentation of less invasive strategies that could provide a
good balance between disease control and perioperative and long-term morbidity.

Owing to its peculiar characteristics, AC has especially benefited from this trend,
with the introduction of dedicated treatment options that promise to reach such a
balance [61, 62, 66, 67]. Indeed, the search for an equilibrium is favored, on one
hand, by high recurrence rates of AC (up to 47%) and, on the other hand, by the
significant decompression that can be obtained with less efforts by employing treat-
ment strategies that are less invasive and well-tolerated [66, 68]. The second phase
in the history of AC treatment has thus seen the diffusion of a less radical surgical
philosophy, with the affirmation of maximal safe resection followed by adjuvant
radiosurgery; in parallel, tumors with predominant cystic components started to be
treated with minimally invasive catheter drainage (with or without the intracystic
administration of therapeutic substances), eventually followed by irradiation of the
remaining solid tumor components.
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In the last years, the accumulating data on long-term outcome of patients treated
with minimally invasive strategies, and especially on the long-term consequence of
radiation treatment in children [69], have promoted a resurgence of interest towards
surgery, with a special look towards novel approaches that could allow for the ben-
efits of substantial/complete resection in face of lower complication rates when
compared to traditional microsurgical approaches.

In the next paragraphs, an outline of the different treatment options, which have
been developed or enhanced in the last years to offer new strategies to deal with this
complex disease, is provided. An important limit of the literature concerning AC is
the difficulty in making comparisons among the different studies. First of all, the
definition of disease progression varies widely, with different authors attributing
different meanings to cyst regrowth [70]. A second bias is related to the fact that the
data are mainly referred to patients treated in an elective setting, even if also after an
emergent treatment (e.g., AC associated with acute hydrocephalus) there is room for
planning the surgical steps in order to obtain a good balance between immediate
treatment efficacy and long-term outcome. A further limitation is generated by the
still existing discussion about the use of microsurgical (craniotomic) versus endo-
scopic (transsphenoidal) approaches. Microsurgery offers a wider exposure of the
surgical field and a large space for the surgical maneuvers, while endoscopy grants
a minimally invasive approach with a better visualization of hidden angles.
Therefore, it is about two different techniques to be used for different types of
patients. Since the goal of the present chapter is the management of cystic AC, the
advances in the endoscopic approaches are reported because they have resulted par-
ticularly useful in this subset of patients also due to the double option provided by
the transsphenoidal and the transventricular option.

4.3.2 Endoscopic Approaches

Compared with microsurgery, whose evolution started much earlier, the endoscopic
approaches have showed huge progresses in the last two decades and are gaining
more and more consensus in the management of AC [71]. The success of endo-
scopic techniques is favored by the possibility to obtain a significant shrinkage of
the (often huge) cystic component of the tumor with a poorly invasive approach,
which is easily used even in emergency. Should tumor remnants be left behind or
the tumor regrowth, the treatment can be completed with adjuvant therapies. Indeed,
endoscopic techniques can be used alone and in combination with each other or
with other treatment modalities. A recent development of endoscopic surgery,
designed to decrease complications and enhance effectiveness, is represented just
by the combination of endonasal and transventricular endoscopy for the manage-
ment of very large AC. Deopujari et al. reported on 18 cases (16 children and 2
young adults) out of a series of 125 cases who were treated first with a trans-
ventricular endoscopic procedure to decompress the cystic component, followed by
EES 2-6 days later [72]. This strategy allowed the patients to improve after the cyst



150 F. Bianchi et al.

decompression (often also because of relief of hydrocephalus) and to undergo the
remaining tumor removal in an optimal setting. GTR was actually obtained in 84%
of these patients, with only two cases of permanent diabetes insipidus and no cases
of morbid obesity.

4.3.2.1 Endonasal Transsphenoidal Surgery

The use of endonasal endoscopic surgery (EES) in the pediatric population has sig-
nificantly expanded over the last decade, as documented by the parallel increase in
the number of published data on this technique; more than one third of the papers
including the keywords “transsphenoidal” and “children” have been published in
the last 5 years. This growing interest has also been reflected in the field of cranio-
pharyngioma treatment, motivated, on one side, by the resurgence of surgery (as
opposed to conservative treatments) and, on the other, by the need to find alternative
approaches to the traditional microsurgical treatment.

Some peculiarities of pediatric patients were traditionally deemed as potential
obstacles to EES (i.e., small nostrils and nasal cavities, insufficient pneumatization
of the sphenoid bone); through the accumulation of experience (and thanks to the
refinement in endoscopic instrumentation), it has been shown that these drawbacks
can be easily overcome [71, 73]. In fact, endonasal endoscopic approaches have
been shown to be a feasible and safe alternative for the treatment of pediatric cra-
niopharyngiomas. In 2011, Elliott and colleagues published a systematic review
comparing EES and traditional trans-frontal surgery (TFS), gathering data on 2773
microsurgically treated patients vs. 373 EES cases, with a special focus on pediatric
patients [63]. In spite of the obvious limitations of such a study (retrospective analy-
sis, inherent selection bias), the evidence showed that EES was associated with
good postoperative outcome and lower rates of complications with respect to tradi-
tional surgical approaches. Indeed, a 72.1% vs. 60.9% GTR, 8.0% vs. 17.6% recur-
rence after GTR, 85.5% vs. 47.7% vision improvement, 2.3% vs. 13% vision
deterioration, 3.1% vs. 9.4% neurological morbidity, and 23.9% vs. 69.1% postop-
erative diabetes insipidus were reported; the rate of postoperative obesity/hyperpha-
gia was the same for both types of treatment (32%). These observations have been
confirmed by other large-scale studies, as the national retrospective series published
by Lin and colleagues in 2017, outlining the outcome of the 314 craniopharyngioma
patients treated in the USA in 2003, 2006, and 2009 [74]. When compared to TES,
EES was associated with lower rates of diabetes insipidus (38% vs. 69%), lower
rates of panhypopituitarism (5% vs. 8%), cranial nerve deficits (1% vs. 6%), post-
operative stroke (2% vs. 5%), seizures (0 vs. 12%), and death (0% vs. 1%). As
expected, there was a statistically significant association between EES and shorter
hospital length-of-stay (LOS), EES patients having a 6.6-days mean LOS (median
4 days), while TFS patients a 12.3-days mean LOS (median 10 days). However,
cerebrospinal fluid (CSF) leak affected 19% EES versus 4% TFS resections, thus
confirming this complication as the weakest aspect of this kind of surgery.
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The view offered by EES is advantageous over TFS especially when dealing with
AC with sellar extension and/or origin from the pituitary stalk (as often seen in
children), allowing a good direct visualization of pituitary gland and stalk, optic
pathways, and related feeding vessels. For this reason, EES was originally reserved
to predominantly intrasellar craniopharyngiomas. In recent years, however, the
alternative viewpoint on suprasellar structures (and hypothalamus itself) provided
by EES has been increasingly exploited to approach lesions with suprasellar exten-
sion or even purely extrasellar location [72, 75-79] and recurrent tumors [78].
Reported outcomes of these more extensive approaches are generally good, and
even if they appear less optimal when compared to the mentioned general data on
EES, they still compare favorably with TFS. GTR rates actually range from 45 to
85% (similar to TES) [78, 79], and complication rates as follows: new onset diabe-
tes insipidus from 31 to 63%, new anterior pituitary dysfunction between 40% and
80%, visual deterioration between 0 and 26%, and new onset neurologic deficits
between 0 and 10% [75, 78, 79]. The number of published cases is still limited, and
the heterogeneity of data suggests that there is still room for improvement with
increasing expertise. Indeed, the complication rates are still too high in these
instances. It is interesting to note that, according to the blind post-hoc survey per-
formed by Jeswani and colleagues among the series of extensive EES approaches,
all their EES and TFS cases could have been approached by both routes according
to the preference of the different surgeons, somewhat attenuating the selection bias
but also suggesting the surgeons’ preference and expertise as a way to reduce com-
plications [79].

If the transcranial microsurgical route still maintains a remarkable value in the
AC management, the microsurgical sublabial access (SA) is almost abandoned in
favor of EES. Especially in children, the authors’ personal experience on 51 chil-
dren (34 undergoing EES and 17 undergoing SA) demonstrated several statistically
significant advantages of EES over SA that can be summarized as follows [73, 80]:
(1) shorter mean LOS (4 vs. 5 days); (2) lower transfusion rate (20% vs. 60%); (3)
lower need of nasal packing (20% vs. 100%); (4) better quality of the early postop-
erative course as measured by a 0-8 pain scale (2.7 vs. 4.2 mean value). The 2
nostrils-4 hands technique provided also a significantly better intraoperative view
other than a poorer mucosal trauma and, in particular, a minor disruption of naso-
facial bone structures that is important for the facial growth in children.

4.3.2.2 Transventricular Endoscopy (TE)

In approaching AC extending to the third ventricle, Hollon and colleagues devel-
oped a score to help in selecting patients who are candidates to transventricular
endoscopic treatment [81]. According to their algorithm, lesions without hypotha-
lamic involvement are candidate to surgical resection (EES or TES), aiming at radi-
cality whenever possible; lesions with hypothalamic involvement are treated with
TE if predominantly cystic in nature or in absence of chiasmopathy. If chiasmopa-
thy is present, lesions with hypothalamic involvement are preferably candidate to
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surgical debulking. Aside from the predominantly cystic nature of tumors, the main
criterion dictating the choice of an endoscopic versus open microsurgical approach
was hypothalamic involvement, due to the high risk of endocrine disruption associ-
ated with open resection in these cases [64]. According to the TE technique, the
tumor cyst lesion is approached and fenestrated superiorly through the foramen of
Monro and then inferiorly (at the level of the floor of the third ventricle) by “passing
through” the cyst and creating a third-ventriculostomy. The authors report good
postoperative outcomes, with good cyst volume reduction and no patients develop-
ing postoperative hormonal imbalances or acute visual deficits; residual disease was
managed with stereotactic radiosurgery (unfortunately, data on long-term follow-up
are limited). Takano and colleagues have reported good long-term results in terms
of disease control and endocrinologic function with TE cyst fenestration followed
by radiosurgery for residual tumor tissue: the reported 5-year recurrence rate for the
9 treated patients was 14.6%; no endocrinologic or visual complications were
observed [68].

One of the main risks of endoscopic cyst fenestration is represented by potential
spillover of cystic fluid in the ventricular system, resulting in aseptic meningitis,
even if it is difficult to quantify the real impact of this phenomenon on surgical
practice [68, 82—84]. It is worth noting that the spillage of the fluid outside the cyst
did not produce any ill effects both in the personal series and in that of other authors
[85]. However, to drain the cyst content through an endoscopically guided catheter
before fenestrating the cyst has been proposed as an easy and effective way to pre-
vent this event [83].

As mentioned, TE can also be indicated as a first approach in patients developing
symptomatic hydrocephalus due to third ventricular involvement. An endoscopic
procedure, while less immediately available than the placement of an external CSF
drainage, allows for both a rapid and reliable treatment of hydrocephalus while eas-
ing the way for an elective surgical step [68, 72].

4.3.2.3 Keyhole Endoscopic-Assisted Surgical Approaches

Strategies to deal with giant cystic craniopharyngiomas, which pose significant
challenges to surgeons, have been repeatedly described in the literature [5, 86—88].
In such cases, an intracystic endoscopic approach can provide significant advan-
tages, allowing to safely access impervious anatomical locations by “navigating
through” the cyst. After strategical placement of an expanded burr hole (or mini-
craniotomy), the dura is opened, surgical route is explored and prepared microsurgi-
cally, and then an endoscope is introduced to access the lesion. There are reports of
huge cases that have been successfully managed with an endoscopic approach alone
by entering the cyst and promoting its collapse while removing its solid components
[86]. It is interesting to compare such reports with almost identical cases managed
through complex skull base approaches, e.g., trans-petrous route, with good results
[5]. Both endoscopic-assisted and craniotomic experiences on such complex cases,
however, are often based on case reports with missing data on long-term follow-up.
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In cases that cannot be managed satisfactorily through endoscopic approaches
alone, endoscopy can anyway be helpful in decompressing the cyst and allowing for
a safer and easier microsurgical resection [87]. Moreover, as described below, trans-
ventricular endoscopy can be useful to optimally guide the positioning of an intra-
cystic catheter, in order to obtain a good communication between the cyst cavity and
the ventricular system and thus promoting both cyst collapse and continuous wash-
out by CSF circulation. This can be followed by other treatments (such as
radiosurgery).

4.3.3 Radiation Therapy (RT)

As previously mentioned, there is a solid experience with the use of RT for the adju-
vant treatment of AC. The progressive adoption of radiosurgical techniques to treat
tumor residue (or recurrence) has paralleled the trend towards a less aggressive
surgical philosophy, encouraged by data supporting the non-inferiority of subtotal
resection plus adjuvant radiation treatment versus gross total resection in terms of
disease control [§9-91]. In particular, according to the systematic review published
by Yang and colleagues in 2010, the long-term outcome of GTR and STR + RT did
not differ significantly, the 5-year PES being 67% after GTR and 69% after
STR + SR; and the 10-year OS being 98% after GTR and 95% after STR + RT [92].
Both groups had comparable mean tumor sizes and epidemiological data. The ben-
efits of adjuvant radiation treatment after complete or incomplete surgical resection
have also been confirmed by later reviews, which emphasized the low rates of post-
operative endocrinological and visual complications [90]. Complication rate appears
to be lower for patients treated by an adjuvant setting than in those treated for recur-
rence [89]. Table 4.1 summarizes the main case series published to date covering
different radiation treatments [89, 93-97].

With respect to older radiosurgical techniques, which allowed for the targeting
of spherical volumes (e.g., gamma knife), more recent techniques (such as proton
beam therapy, or intensity-modulated radiation treatment) are able to precisely
mold the irradiation target on tumor conformation, potentially allowing for an
even lower rate of normal tissue injury (with reported visual morbidity rate 0-6%
for cyber knife) [70, 90]. At the same time, the progressive adoption of frameless
technologies has allowed for a better flexibility in dose fractionation [7, 89, 90]. A
well-known limit of these treatments is the restricted accessibility due to high
costs and the complex technological apparatuses required. Moreover, no signifi-
cant differences on PFS have been demonstrated with different radiosurgical tech-
niques [70]. For example, in the comparative case series dealing with proton beam
therapy vs. intensity-modulated radiation treatment published by Bishop and col-
leagues, no significant differences between groups were identified in 3-year over-
all survival rate, cyst progression, and nodular progression [89]. It is worth noting,
however, that the follow-up period was too short to formulate definitive
comparisons.
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In spite of these technological advances, AC continues to represent a special
challenge also when dealing with RT. In contrast with solid craniopharyngiomas,
cystic tumors show an unpredictable response to RT, and the behavior of the solid
and cystic components of mixed tumors during treatment appears to be independent
from each other [7, 91, 98]. Indeed, the shrinkage of the solid part can often be
accompanied by stability or increase of the cyst volume (in up to 40% of patients)
[89, 99-101]. This causes both a modification of target conformation over the course
of treatment and an increase in the radiation dose required to cover the cyst volume,
which besides is relatively insensitive to radiation [89]. The integrated management
of the cyst by means of a catheter with reservoir (see below) would be then useful
to make radiation treatment more effective by reducing the volume of the cystic
component [99, 101]. There could be also room for the development of protocols
combining RT and intracystic therapies. This would allow to effectively target all
components of the tumor.

The management of patients showing recurrence after RT is complex. Considering
the potential number of surgical procedures that patients may undergo after the first
recurrence, it has been proposed that, at least in this context, GTR should remain a
goal [102]. This supports the reemerging tendency towards radical surgical
approaches in selected cases, as described above. Additional treatment strategies
with subcutaneously administered interferon have also been proposed to slow the
course of the disease in these patients, in order to delay the surgical intervention
(see below).

4.3.4 Specific Management Options for the Cyst
4.3.4.1 Intracystic Catheter

One of the major changes in the treatment of AC has been the larger use of
approaches specifically focused on the management of the cystic component. The
most direct among them is the cyst drainage through an intracystic catheter con-
nected to a subcutaneous reservoir (Rickham or, more frequently, Ommaya reser-
voir). This simple tool allows a rapid cyst decompression with symptom relief and
repeated percutaneous cyst aspirations in case of intracystic fluid re-accumulation.
Such an approach is considered as a transient measure in (quickly) growing AC or
in patients in poorly clinical condition to gain time for a more “radical” treatment.
However, quite surprisingly, good results in purely cystic AC have been reported
after the stereotactic placement of the catheter alone. More in details, up to 70% of
patients did not require further treatments after a follow-up longer than 7 years
[103] and the progression free survival did not differ significantly from that of
microsurgically treated patients [66]. Two thirds of the patients in the series by
Moussa and colleagues were younger than 16 years, thus pointing out the need for
even longer observation to confirm the good published results [103], while the
patients treated stereotactically in the series by Rachinger and colleagues were
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considerably older (median age: 54 years) [66]. Similar results have been obtained
also with different approaches to implant the catheter for the cyst aspiration, e.g.,
with endoscopic guidance [104].

A proper placement of the catheter is mandatory to achieve good results. A key
point is represented by the position of the catheter holes, which should span across
the cyst wall, thus ensuring a continuous drainage of cystic fluid into CSF spaces
(cisterns and/or ventricles). To enhance this effect, some authors proposed to mod-
ify the catheter by placing additional holes [105] and to pierce through the cyst from
wall to wall, creating a double communication with both the ventricular system and
the basal cisterns [66].

When dealing with mixed or anatomically complex AC, the “catheter plus res-
ervoir” option can be utilized as part of a more elaborate surgical strategy. For
example, preoperative stereotactic reservoir system placement and staged cyst
aspiration have been used in patients with mixed lesions candidate to microsurgi-
cal resection, facilitating surgery and reportedly obtaining lower rates of postop-
erative hormonal and electrolyte imbalances with respect to microsurgical
resection alone [88]. Placement of reservoir systems has also been presented as a
valuable adjunct to radiosurgical treatment [99, 101]. As mentioned, cystic tumors
are challenging radiosurgical targets, partly due to the inhomogeneous radiation
sensitivity of their components and partly because of the often-huge size reached
by the tumor. Therefore, preemptive stereotactic cyst drainage facilitates radiosur-
gery and allows an optimization of conformational and dosimetric parameters by
removing the least radiosensitive part of the mass and by reducing the irradiation
field [101]. On the contrary, catheter drainage for cyst recurrence after radiosur-
gery has shown disappointing results, with most patients eventually requiring fur-
ther treatments [102].

Catheters can be also left in place after transventricular endoscopic resection of
lesions abutting the ventricular system [105, 106]. With respect to stereotactic guid-
ance (neuronavigation), catheter placement under direct visualization provides the
theoretical advantage of a tailored targeting, thus offering a more effective and per-
sistent drainage of the cyst fluid [104, 106—108]. This approach would be especially
useful for granting an optimal communication of the catheter with both the cyst and
ventricular system, as already mentioned. For this reason, it has also been proposed
for tumors without direct involvement of the third ventricle or without associated
hydrocephalus [109]. Recently, robotic guidance of stereotactic procedures has
been used as another means to improve targeting accuracy compared with standard
neuronavigation [99, 101]. In these reports, frameless navigation with laser-assisted
registration of anatomical landmarks provided guidance to a robotic instrument
holder that was precisely brought to the desired trajectory.

On the other hand, at least according to past studies, a significant difference in
terms of complication rates among the different techniques for catheter placement
has not been observed [110]. In fact, a rate of complications (misplacement or con-
trast leakage) of 16.3% has been reported regardless the surgical modality. Such a
result was explained considering variations in resistance and elasticity of the cyst
wall as the decisive factor affecting the surgical outcome. Independently from the
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surgical technique, actually, the increased resistance of the cyst wall could deter-
mine the sliding of the catheter over the cyst rather than its actual perforation [110].

4.3.4.2 Beta-Emitting Radionuclides

Intracystic injection with B-emitting sources (such as Yttrium®, Rhenium!®®,
Aurum'®, or Phosphorous*?) has been used as another means to directly target neo-
plastic tissue with sparing of the surrounding neural and vascular structures. The
3—4 mm penetration width of beta-radiation makes it especially effective in damag-
ing the cyst wall, while solid tumor nodules are less affected. Their use still raises
some controversies because of the feared side effects and, in particular, the safety
principles required for their transport, handle and disposal, and the poor availability
of the radioisotopes, which reduce their application.

Phosphorous®? (P32) is generally preferred over Yttrium® and other radionu-
clides due to its longer half-life, lower required dose, and lower half-value tissue
penetrance (0.8—1.1 mm vs. 1.1-2.2 mm) [111, 112]. Brachytherapy with intracys-
tic injection of P32 has been proposed as a relatively safe means of providing selec-
tive radiation damage to tumoral tissue. When used alone, however, this treatment
has shown a partial effectiveness, with short-term induction of cyst shrinkage in
70-80% of patients but significant rates of recurrence, especially due to the limited
efficacy of P32 on the solid part of the tumor and on the collateral cysts [113-115].
Also, case series reported good results (75% rate of disease control), but mainly
after a short follow-up period (mean follow-up: 48.6 months) [116].

The observed endocrinological and visual sequelae after intracystic irradiation
vary widely, even if the global incidence of side effects appears to be generally as
low as <5% [85, 114—116]. Long-term collateral radiation damage to vascular and
neural structures cannot be excluded [85, 111]. According to Kickingereder et al.,
who reported on one of the largest series (53 patients), a permanent neurological
side effect was observed in 3.9% of cases, while the rate of deterioration in hor-
monal functions was 2% [112]. Therefore, the complication risk seems to be com-
petitive with other treatments.

With regard to another feared risk of radioactive drugs, which is represented by
the spillover of the radioactive agent itself into the cerebrospinal fluid, it is difficult
to quantify the incidence of this phenomenon (which anyway appears to be anec-
dotical) and to evaluate its real toxic impact [117]. In order to improve the manage-
ment of the treated patients, some authors have presented experimental biochemical
and physical means of monitoring radioactivity diffusion through the evaluation of
radioactivity in biological patient samples and the use of gamma cameras [117, 118].

The future in this field could be represented by the identification of the responders
to radionuclides, in order to propose such a limited resource only to the best candi-
dates. This way has been followed by Hu et al. who recently reported on an interesting
study on P32 interstitial therapy for recurrent craniopharyngiomas (both AC e PC)
[119]. In details, the authors investigated 32 patients with recurrent craniopharyngi-
oma treated by P32 colloid interstitial radiotherapy. The tumor imaging features of the
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patients were classified into 4 types according to the thickness of the cyst wall: I-purely
cystic with thin wall; II-mainly cystic (solid part <25%) with one or more cyst, thin
wall; III-as above but with thick wall; IV-partially cystic, multiple cysts, thick wall.
The expression of vascular endothelial growth factor (VEGF)/vascular endothelial
growth factor receptor-2 (VEGFR-2) was evaluated with immunohistochemistry
before radiotherapy. Only VEGFR-2 expression was associated with the imaging fea-
tures of tumors. As a final result, craniopharyngiomas with thin cysts (type I and II)
and expression of VEGFR-2 (clues of high radiosensitivity) showed a good response
to P32 treatment, while types III and IV (no VEGFR-2 expression) did not.

A further means to improve the control of the disease and to limit the radiation
exposure is to identify other therapeutic substances for intracystic injection. The
crucial point advancing the search for nonsurgical and non-radiating therapeutic
methods is the need, namely in younger children, to delay the time of surgical and/
or radiation treatment and the related potential adverse effects on growth, hormonal
and electrolyte balance, and neurologic function. The main experience has been
accumulated around bleomycin and, more recently, around interferon-alpha.

4.3.4.3 Bleomycin

After the studies conducted in vitro by Kubo and colleagues in 1974 [120], who
demonstrated the toxicity of bleomycin on craniopharyngioma cell cultures, several
authors have presented the results of in vivo intracystic injection of this drug. In
spite of the long experience with this treatment and the relative abundance of gath-
ered data, the available evidence is highly heterogeneous. Actually, even three
sequential Cochrane reviews failed in providing any recommendation about intra-
cystic bleomycin use in the clinical practice, suggesting the need of randomized
trials conducted on larger and more homogeneous patient samples [121-123].
However, the missing randomized trials, justified by the rarity of AC and the small
niche represented by the intracystic treatments, do not cancel the impact of a 30-year
experience and about 300 articles on the use of bleomycin [124].

Bleomycin is a glycopeptide antibiotic secreted by Streptomyces verticillus act-
ing on inhibition of DNA and RNA synthesis. It is very effective in squamous cell
carcinomas and, for this reason, it has been used also in AC (with presently the same
epithelial characteristics). Bleomycin is instilled in the tumor cyst through an
Ommaya reservoir. The dose varies according to the Center and the size of the cyst
(usually 2-5 mg for each administration; 3 doses per week (daily administration in
some Centers); meanly for 5 weeks).

Generally, good immediate or early results on the cyst volume reduction are
reported in the literature, with a variable but significant percentage of patients
achieving a > 90% cyst reduction, compared with disappointing data on long-term
disease control [85, 125]. A single randomized controlled trial, conducted on a
small patient sample (7 patients; mean age 9.6 years), compared intracystic bleomy-
cin, intracystic P32, and the combination of both [126]. The results suggested that
combination treatment (bleomycin+P32) is more effective than the different treat-
ments alone; nevertheless, two patients in this series (22%) reported severe adverse
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events (bilateral thalamic infarction). Indeed, more than the short-term effect, the
main limit of intracystic bleomycin therapy seems to be the adverse reactions asso-
ciated with the treatment and the possible extracystic drug diffusion. Commonly,
patients experience fever (up to 70% of cases), headache, and nausea just after bleo-
mycin administration; moreover, some patients show delayed toxic effects due to
documented damage to nearby neural and vascular structures [122, 127]. These
range from steroid-responsive neurological deficits, to severe manifestations such
as ischemic vasculopathy, irreversible optic pathway damage, hypothalamic dam-
age, and diabetes insipidus [127-130]. Unfortunately, a negative leakage test does
not eliminate the risk of such reactions [128, 129].

For these reasons, the use of bleomycin as an intracystic agent is progressively
falling out of favor, while research has been directed towards the experimentation of
less toxic agents, such as interferon alpha and, more recently, target therapies [125].

4.3.4.4 Interferon Alpha

Interferon-a (IA) is a cytokine produced by leucocytes belonging to the family of
interferons (natural signaling proteins with antiviral activities) together with
interferon-f (fibroblasts) and interferon-y (lymphocytes) [131, 132]. IA is secreted
by macrophages and lymphocytes as response to viral infection or tumor progres-
sion. It is codified by 15 genes of the chromosome 9. Its antitumoral activity is real-
ized through three different mechanisms: (1) differentiation of T-lymphocytes into
T-helper 1 lymphocytes (response against a specific target) and inhibition of other
lymphocytes; (2) stimulation of the proliferation on natural killer cells and macro-
phages, and stimulation of their production interleukine-1 and IA itself; (3) increased
identification of the tumor cells through the expression of the major histocompati-
bility complex class 1 and expression of surface antigens.

The rationale for the use of IA for the treatment of AC originates from the experi-
ence with skin tumors sharing the same embryological origin (i.e., squamous and
basal cell carcinomas), where subcutaneously administered IA has a well-
documented efficacy [133]. This rationale was further supported by the favorable
combination between the characteristics of AC cyst (inflammatory genesis) and the
immunomodulatory, proapoptotic, and antimicrobial effects of IA that can effec-
tively act against the cyst reaccumulation or growth [9, 30, 32, 35, 41]. In the late
199’s, Jakacki and colleagues conducted the first exploratory phase II trial by
administering subcutaneous IA to patients with craniopharyngioma, demonstrating
a significant radiologic response in 25% of treated subjects [133]. On this basis,
other groups started to investigate the use of intra-tumoral interferon injection, with
the potential advantages of having both less systemic side effects and higher local
drug activity and persistence. Cavalheiro and colleagues realized the first clinical
studies on the A intracystic injection and reported a complete response in about
two thirds of patients with cystic tumors in the short term (mean follow-up:
1.7 years), with only mild adverse events (mainly self-limiting headaches, fever,
fatigue) [31]. Therefore, the authors prepared an administration protocol, which is
shared by all the Centers using IA (with small variants), emphasizing the possibility



160 F. Bianchi et al.

to repeat the treatment several times and the absence of treatment discontinuation
[6]. The dose scheme for IA intracystic administration is three million International
Units (IU) of interferon-a-2a every other day for a total of 12 administrations per
cycle (36 million IU). The cycle can be repeated 1 month after the end of the previ-
ous one for 3 or more times. IA is administered through an Ommaya reservoir and
an intracystic catheter, previously placed by a microsurgical approach (almost aban-
doned), by neuronavigation alone, or by neuroendoscopic control (especially if
hydrocephalus has to be managed at the same time).

The results on the clinical studies with IA published so far have been summa-
rized on Table 4.2. Such a cumulative experience shows a response of AC cyst in the
majority of cases, with a complete cyst effacement in about a half of the patients (as
a result both cysts collapse due to the aspiration and effects of IA) and a partial
response or cyst/stabilization in the remaining cases (Fig. 4.3). Such a result is vari-
ably maintained during the follow-up (meanly lower than 5-years), about one third
of cases requiring further treatments during this period. The largest study published
to date is an international multicenter cooperative study provided in 2017 by Kilday
and colleagues [136]. Overall, 56 children affected by AC received intracystic IA
according to the Toronto protocol (borrowed from the original Cavalheiro et al.
one), that is: (1) permeability study, conducted at least 2 weeks after catheter
implantation; (2) aspiration of cystic fluid and instillation of three million IU every
other day for 12 days (totaling 36 million IU); (3) cycle repeated if deemed appro-
priate and tolerated. All patients were under 18 years of age (median age: 6.3 years):
23% received intracystic IA as a first treatment, while the others had previously
received other treatments. Median follow-up was of 5.1 years (median follow-up
after IA administration: 2.7 years). Seventy-five percent of patients showed clinical
or radiological progression during observation, but 33% of them did not require
treatment for this progression at last follow-up. The mean time to surgery or radio-
therapy for progression was of 5.8 years. Forty-one percent of patients in the cohort
did not experience any adverse event; the most common side effects of treatment
were influenza-like malaise (29%), headaches (18%), fatigue (13%), transient
hyponatremia (2%), appetite loss (2%), and weight loss (2%). None of these symp-
toms were severe (maximum grade II). However, there were two cases of brain
toxicity (optic pathway damage with radiologic evidence of edema and brain atro-
phy with hydrocephalus) due to suspected extravasation of IA in CSF spaces.

A possible advantage of IA over other intracystic drugs is its safety. Indeed, IA
was generally believed to show a low potential for toxicity in case of extracystic
diffusion [6, 31, 134, 135]. Also in the personal experience, based on only one case
of brain IA diffusion, this event did not produce any symptoms. However, along
with the progressive accumulation of clinical data, there have been reports of sus-
pected IA neurotoxicity [136, 138, 139]. Although, in some instances, the toxicity
shows a spontaneous resolution, this event raises the problem of reliable leak tests
before administration (Fig. 4.4).

Aside from studies about intracystic IA, there has been some continuing interest
around subcutaneously administered pegylated IA (PIA), which has been used by
Yeung and colleagues [135], who treated recurrent AC with 1-3 pg/kg/week of PIA
for 2 years, and recently by Goldman and colleagues [137], who treated recurrent or
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Fig. 4.3 Pretreatment MRI of a large AC in a 5-year-old girl: axial (a, b), sagittal (c), and coronal
views (d) after gadolinium show a small suprasellar solid component and a large suprasellar cyst,
effacing the third ventricle and causing biventricular hydrocephalus. MRI of the same case per-
formed 8 months later (after endoscopic insertion of intracystic catheter, intraoperative cyst reduc-
tion by aspiration and one cycle of IA): note the significant reduction of the cyst and the
re-expansion of the third ventricle with resolution of the hydrocephalus (e—g). The solid portion of
AC is roughly unchanged

unresectable AC in children and young adults with or up to 18 courses (108 weeks) of
PIA (Table 4.2). In spite of the limited number of patients (overall: 23 cases) and the
short follow-up in both series, these studies provide some promising data in terms of
disease stabilization. Yeung et al. actually had all their 5 patients stabilized or better
after a 43-month mean follow-up [135]. According to Goldman et al., no significant
radiological response was evident (especially in patients who previously received RT),
but an improvement of the median PFS was detected (19.5 months) [137]. As foresee-
able, systemic toxicities were more frequent and severe than those reported with intra-
cystic therapy alone. However, only grade 2 and 3 hematologic toxicities occurred (no
grade 4 or 5). Further studies are needed to better assess this treatment modality.

In summary, therapy with intracystic IA offers a favorable risk/benefit ratio and a safe
and relatively easy means to control disease progression. However, it has to be consid-
ered mainly as a transient option to delay more aggressive treatments. Due to the relative
rarity of AC, it is hard to evaluate its implications in a randomized setting and on homo-
geneous patient samples. Further studies shall better explore the implications of its usage
in clinical practice, both alone and in combination with other treatments.

4.3.4.5 Future Directions

In the era of target therapies, the results of the aforementioned basic researches are
expected to allow for the development of therapeutic agents (both intracystic and
systemic) acting on the molecular pathways guiding tumor growth and cyst
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Fig. 4.4 CT-scan-based leak test. First, a basal CT scan is performed to verify the correct place-
ment of the catheter and size and volume of the cyst (a, b). Afterwards, the iodate contrast medium
is injected into the cyst through the subcutaneous reservoir looking for a possible spillage of the
contrast. The quantity of contrast medium to be administered is calculated according to the quan-
tity of cyst fluid taken out before the injection. The test is negative if the cyst is «designed» by the
contrast medium without its diffusion into the brain (c—f)
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Fig. 4.4 (continued)

accumulation and maintenance [15, 41]. One example is the IL-6 pathway, for
which target drugs are already available and have been tried in craniopharyngioma
patients with initial but promising data [25]. Tocilizumab (an anti-IL6 monoclonal
antibody) was systemically administered to two patients as a compassionate treat-
ment after recurrence. The first patient (age: 7 years) was treated for recurrence after
catheter cyst drainage and radiosurgery; he completed a 7-month cycle obtaining
tumor volume reduction (and stability during subsequent follow-up) and no side
effects. Another patient (age: 3 years) had the first cycle interrupted after 8 months
due to disease progression; therapy was then started again with a combination of
tocilizumab and bevacizumab (an antiangiogenetic, anti-VEGF monoclonal anti-
body) obtaining disease control. During this second cycle with combination therapy,
the patient developed transient grade 3 neutropenia [25].

Application of similar treatments for intracystic administration could allow for a
greater local effect with less adverse events. This could allow for a long-lasting
tumor (and symptoms) control, both as a means to delay surgery and/or RT, to make
them less invasive and to prevent recurrence afterwards.

4.4 Placement of Intracystic Catheter

The Ommaya placement is a crucial option in the current management of AC, either
to perform cyst aspiration and to deliver selected drugs into the cyst, being intracys-
tic chemotherapy one of the major advances in AC treatment. Some authors use a
direct microsurgical placement via subfrontal craniotomic approach (mainly in the
past) [31, 140], while others utilize a stereotactic navigated or robotized insertion
[104, 141]. Although both the previous options maintain their effectiveness, the
placement of the intracystic catheter by a navigated endoscopic transventricular
approach is the most commonly used technique in the current clinical practice. This
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type of approach, indeed, conjugates the mini-invasiveness of neuroendoscopy with
the reliability of neuronavigation and offers the possibility of a direct visual control
of the position of the catheter across the cyst and the opportunity to perform addi-
tional surgical maneuvers, if needed (e.g., tumor biopsy, cyst aspiration, third ven-
triculostomy, septostomy). As expected, several differences can be observed among
the different authors with regard to technical details, as head positioning, instrumen-
tation, number of burr holes, width in the opening of the cyst wall, and so on. On the
other hand, there is quite a general agreement in considering neuronavigation as a
key feature in performing this kind of surgery.

Head position: As a basic principle of neuroendoscopy, the patient’s head is
placed in neutral position with a degree of flexion sufficient to have the burr hole in
the higher point of the surgical field to minimize CSF leak and bubbles formation.
Many authors, namely pediatric neurosurgeons, do not utilize head holders in this
procedure [104-109]. On the other hand, authors mainly dealing with adults
reported the use of the Mayfield head holder as a key feature of their ventriculo-
scopic technique [81].

Instrumentation: The choice of the ventriculoscope represents the main difference
alongside the reported technical notes, as result of the experience and the resources
of the different centers. The endoscopes most commonly used were: (1) 7-mm rigid
endoscope with a 30° optic and associated trocar (Karl Storz, Tuttlingen, Germany)
[105, 108]; (2) 4 mm rigid endoscope with a 0° optic and associated trocar (Karl
Storz, Tuttlingen, Germany) [81, 104]; (3) Oi-Samii neuroendoscopic system
(Oi-Samii Handi Pro; Karl Storz, Germany) introduced through a 14-F peel-away
sheath [107]; (3) videoscope (Olympus Corporation, Tokyo, Japan) passed by an
endoscopic sheath (NeuroportTM; Olympus Corp., Tokyo, Japan) [109]; (4) Gaab
with 0° optic telescope (Karl Storz, Tuttlingen, Germany) with its trocar [106].

Number of burr holes: The number of burr holes also varies according to the author’s
experience. All papers report the pre-coronal area as the chosen location for the burr
hole(s). Some authors suggest to use a single burr hole to insert both the endoscope and
the catheter [81, 104—106, 109], while other authors prefer to use two accesses to opti-
mize control of the instruments [107]. In our institution, we prefer to adapt this choice
tailoring it on the patient’s characteristics, selecting the one-hole approach in cases
with large ventricles and the two-hole approach in case of small ventricles. Such a
strategy represents the evolution of the technique reported in 2009 [108].

Width in the opening of the cyst wall: A further difference found in the literature
is the size of cyst wall opening. In fact, some authors suggest to make a small open-
ing in the cyst wall to avoid excessive leakage of the intracystic fluid as well as to
reduce the chance of dislocation of the catheter [107, 108], while other authors
propose to widely open the cyst to aspirate the fluid and to shrink the cyst before
inserting the catheter [81, 104—106, 109].

Further steps: The most commonly reported extra procedures are ETV [109] and
tumor biopsy [106]. A general agreement exists on to carefully reconstruct the galea
and to suture the skin in multiple layers to reduce CSF leak and to adequately pro-
tect the subcutaneous reservoir.

Figures 4.5 and 4.6 summarize the personal procedure for intracystic catheter
placement.
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Fig. 4.5 The patient is supine with the head slightly flexed. A L-shaped skin flap is planned
according to the trajectory selected by navigation (a). Two pre-coronal burr holes are then placed:
the posterior one is used to introduce the endoscope, while the anterior one is utilized to introduce
the catheter under both navigation and endoscopic views (b, ¢). The endoscope is kept in place
until the end of the procedure (in particular, once the subcutaneous reservoir is connected) to rule
out possible displacement of the catheter (d). Finally, the skin is sutured (e)
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Fig. 4.6 Intraoperative endoscopic view of the case in Fig. 4.5. The procedure is performed under
neuronavigation, either because of the small ventricles and because of the need to follow the right
trajectory (a). The AC cyst is approached through the right foramen of Monroe and fenestrated by
Thulium-laser (b). The catheter is ready to be inserted into the cyst (asterisk) (b). A small fenestra-
tion is done to ensure a quick closure of the cyst wall around the catheter and to avoid possible
dislocation of the catheter rather than to limit the spillage of the cyst fluid (c). Finally, the catheter
is introduced into the cyst for the length previously calculated according to the MRI (d).
Postoperative MRI showing the correct position of the catheter (e)
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