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Abstract

Purpose Craniopharyngiomas (CPGs) are aggressive brain tumors responsible of severe morbidity in children. The best
treatment strategies are under debate. Our study evaluates surgical, pituitary, and hypothalamic outcomes of a tailored staged-
surgical approach compared to a single-stage radical approach in children with CPGs.

Methods Multicenter retrospective study enrolling 96 children treated for CPGs in the period 2010-2022. The surgical
management was selected after a multidisciplinary evaluation. Primary endpoint includes the inter-group comparison of
preservation/improvement of hypothalamic—pituitary function, the extent of resection, and progression-free survival (PFS).
Secondary endpoints include overall survival (OS), morbidity, and quality of life (QoL).

Results Gross Total Resection (GTR) was reached in 46.1% of cases in the single-stage surgery group (82 patients, age at
surgery 9 +4.7 years) and 33.3% after the last operation in the staged surgery group (14 patients age 7.64 +4.57 years at first
surgery and 9.36 +4.7 years at the last surgery). The PFS was significantly higher in patients addressed to staged- compared
to single-stage surgery (93.75% vs 70.7% at 5 years, respectively, p=0.03). The recurrence rate was slightly higher in the
single-stage surgery group. No significant differences emerged in the endocrinological, visual, hypothalamic outcome, OS,
and QoL comparing the two groups.

Conclusions In pediatric CPGs’ surgical radicality and timing of intervention should be tailored considering both anatomi-
cal extension and hypothalamic—pituitary function. In selected patients, a staged approach offers a safer and more effective
disease control, preserving psychophysical development.

Keywords Craniopharyngioma - Pituitary - Hypothalamus - Quality of life - Staged surgery

Introduction

P. Veiceschi and D. Gallo have equally contributed to the . . . . .
manuscript. Craniopharyngioma (CPG) is a benign, slow-growing tumor

of the suprasellar region (WHO grade I neoplasm), which
accounts for about 4-10% of primary intracranial neoplasm

M. L. Tanda, P. Castelnuovo, and D. Locatelli share senior
authorship.

M G. Agresta
gianluca.agresta9 @gmail.com

Division of Neurosurgery, Department of Biotechnology
and Life Sciences, University of Insubria, ASST Sette Laghi,
Luigi Borri, 57, 21100 Varese, Italy

Head and Neck Surgery and Forensic Dissection Research
Center, University of Insubria, Luigi Borri, 57, 21100 Varese,
Italy

Endocrinology Unit, Department of Medicine and Surgery,
ASST Sette Laghi, University of Insubria, Varese, Italy

Pediatric Neurosurgery Unit, Institute of Neurosurgery,
Catholic University Medical School, Rome, Italy

Division of Neurosurgery, IRCCS Istituto Giannina Gaslini,
Genoa, Italy

Klinik fiir Neurochirurgie, Universitétsklinikum des
Saarlandes, Homburg, Germany

Division of Otorhinolaryngology, Department
of Biotechnology and Life Sciences, University of Insubria,
ASST Sette Laghi, Varese, Italy

@ Springer


http://orcid.org/0000-0002-3715-1318
http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-022-01993-2&domain=pdf

1220

Journal of Endocrinological Investigation (2023) 46:1219-1232

[1, 2], being the most frequent non-neuroepithelial pedi-
atric brain tumor. While the papillary form is more com-
mon in adults, the adamantinomatous histological vari-
ant shows a twin peak in its age distribution (5—15 years
and 45-60 years) [3]. The reported 5-year overall survival
ranges between 55% and 85% [4]. Adamantinomatous CPG
has high rates of morbidity and mortality due to its aggres-
sive behavior toward important surrounding neurovascular
structures and its propensity to recur after surgery [5]. Cur-
rent treatment strategies are still debated, including both
gross total resection (GTR) in patients with favorable tumor
localization as well as subtotal resection (STR) to preserve
hypothalamic and visual functions. Recently, the adjuvant
radiotherapy (RT) technique following STR resection has
been proposed, with the aim of improving disease control
[6-10]; however, its potential consequences on hypothalamic
function, neurological and psychological development, and
the risk of radiating-induced neoplasms should be consid-
ered [11, 12].

We conducted an international multicenter study aiming
to analyze the implications of single-stage versus staged
surgery on endocrinological and visual outcomes, overall
survival (OS), progression-free survival (PFS), and quality
of life (QoL) in children affected by CPG.

Materials and methods
Study design and cohort of study

This is a multicentric, retrospective, cohort study. Consecu-
tive pediatric patients (< 18 years old at the time of surgery)
with a histopathological diagnosis of CPG, treated by means
of endoscopic endonasal transsphenoidal surgery (EETS)
and microsurgical transcranial approach (MTA) from 2000
to 2021, in four European referral tertiary Centers (Uni-
versity of Insubria-ASST Sette Laghi, Varese; Institute of
Neurosurgery-Catholic University Medical School, Rome;
IRCCS Istituto Giannina Gaslini, Genoa; and Saarland Uni-
versity Homburg), were screened for enrollment. Clinical
and radiological data were retrieved from the local insti-
tutional databases, medical records, outpatients’ evalua-
tions, and questionnaires administered to the patients dur-
ing the follow-up (Supplementary material). Major criteria
of exclusion were patient> 19 years old, unavailability of
a complete clinical and surgical data, and follow-up at last
treatment < 6 months. When available, a revision of the sur-
gical videos was conducted. Demographic features (age at
surgery, sex), radiological features, endocrinological and
neurological status, previous treatments, type of surgical
approach, histopathology, and long-term complications are
summarized in Table 1.
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Endocrinological, visual, and functional assessment

Patients underwent an extensive endocrinological assess-
ment to evaluate the pre-and post-operative hypotha-
lamic—pituitary axis (HPA). Baseline pituitary function
was assessed at diagnosis, at 3 and 6 months after surgery
and then every 12 months; and included blood tests to
investigate the somatotropic axis [somatomedin (IGF-1)
and growth hormone (GH)], gonadial axis [follicle-stim-
ulating hormone (FSH), luteinizing hormone (LH), estra-
diol for girls and testosterone for boys, in several cases
anti-Mullerian hormone or inibinB], prolactin (PRL), thy-
roid function [thyroid stimulating hormone (TSH), free
thyroxine (FT4), free triiodothyronine (FT3)], adrenal axis
[cortisol, adrenocorticotropin hormone (ACTH)], and the
indirect evaluation of desmopressin secretion (plasmatic
and urinary osmolarity, urinary specific gravity, and plas-
matic electrolytes) [13—17]. In selected cases, the insulin
tolerance provocative test (ITT) was performed for GH and
ACTH acxis assessment [18, 19]. Despite patient’s enroll-
ment required a quite long period during which applied
laboratory techniques evolved, however, tests had high
sensibility. The endocrinological investigation used in the
evaluation of the hypothalamic—pituitary—adrenal axis is
highlighted in Supplementary Table.

Anthropometric data [weight (kg), eight (centimeters),
height velocity and growth curves, genetic target (based on
the calculation of the mid parental height), arm span, waist
circumference (centimeters), body mass index (weight/
height?)], pubertal stages (Tanner stages), and bone age
(applying the Greulich and Pyle atlas) were collected in
most of the patients at diagnosis and during follow-up at
scheduled outpatient evaluation [20, 21]. Hypothalamic
dysfunction (HD) included eating disorders, sleep distur-
bance, temperature dysregulation, and/or behavior change.
A complete ophthalmological analysis, with both visual
acuity and visual field examinations, was performed by
skinned ophthalmologists.

Radiological evaluation

Radiological assessment included multiplanar computed
tomography angiography (CTA) scan, contrast-enhanced
magnetic resonance images (MRI), and magnetic reso-
nance angiography (MRA). Digital Imaging and Commu-
nications in Medicine (DICOM) files were uploaded on a
dedicated software (Osirix; Pixmeo SARL®, Bernex, Swit-
zerland). The following tumoral features were collected:
size, consistency (solid, cystic, mixed), location accord-
ing to diaphragm sellae position (infra-diaphragmatic
or supradiaphragmatic), ventricular invasion, parasellar
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Table 1 Demographics, tumor characteristics, clinical and pituitary function at presentation, surgical technique, and extent of resection; single-
stage surgery (group SS) and staged surgery after the first (S_1) and after radical surgery (group S_F)

Clinical signs and symptoms

Single-stage surgery (group SS)

Staged surgery (group S)

S_1 S_F
Number of patients per cohort 82 14 14
Sex M:F (% of the respective cohort) 49:33 (59.8-40.2%) 5:9 (35.7-64.3%)
Age at surgery + SD 9+4.47 7.64+4.57 9.36 £4.70
Neurological signs and symptoms 49 (59.8%) 11 (78.6%) 8 (57.1%)
Increased intracranial pressure 33 (40.2%) 10 (71.4%) 6 (42.8%)
Cranial nerves deficit (VI or III) 21 (25.6%) 1(7.1%) 2 (14.3%)
Seizures 1(1.2%) 2 (14.3%) 1(7.1%)
Hydrocephalus 6 (7.3%) 2 (14.2%) -
Hemianopia/other visual field restrictions 31 (37.5%) 5(35.7%) 5(37.7%)
Hypothalamic disfunction 22 (26.8%) 5(35.7%) 5(31.2%)
Eating disorders 17 (20.7%) 3(21.4%) 3(21.4%)
Hyperphagia and obesity 9 (10.9%) 1(7.2%) 1(7.2%)
Loss of appetite and weight loss 8 (9.8%) 2 (14.2%) 2 (14.2%)
Cognitive impairment (memory, concentration, emo- 3 (3.6%) - -
tional imbalance)
Temperature dysregulation 1(1.2%) 1(7.1%) 1(7.1%)
Dysregulation of the sleep-wakefulness rhythm 1(1.2%) - -
Endocrinological disfunction
Normal pituitary function 37 (45%) 9 (64.2%)
MPHD 36 (43.9%) 5 (35.7%) 6 (42.9%)
Panhypopituitarism 9 (11%) - 2 (14.3%)
GHD 37 (45.1%) 3 (21.4%) 5@31.3%)
DI 13 (15.8%) 2 (14.3%) 3 (21.4%)

Mean tumor volume + SD
Consistency
Purely or predominantly cystic
Purely or predominantly solid
Mixed
Unavailable
Presence of calcifications
Location
Infra-diaphragmatic
Infra-supradiaphragmatic
Supradiaphragmatic
Isolated third ventricle
Unavailable
Transcranial approach
Endoscopic transcranial approach
Endoscopic endonasal approach
Shunting procedure
IFN-a administration via Ommaya device
Unavailable data
Extent of resection
Gross total resection
Subtotal resection
Partial resection

21.71+22.94 cm®

24 (29.3%)
5(6.1%)
49 (59.8%)
4 (4.88%)
46 (56.2%)

5(6.1%)
60 (73.2%)
14 (17.1%)
1(1.2%)
2 (2.4%)
49 (59.8%)
3(3.7%)
25 (30.5%)
3(3.7%)
1(1.2%)
1(1.2%)

38 (46.1%)
31 (39.7%)
9 (11.5%)

23.82+22.27 cm®

7 (50%)
1(7.1%)
6 (42.9%)

10 (71.4%)

0
8 (57.1%)
5(35.7%)
1(7.1%)
5(35.75)
3 (35.7%)
1(7.1%)
1(7.1%)
2 (14.2%)

4 (33.3%)
2 (18.2%)
5 (45.5%)

19.76 +20.88 cm?®

5(35.7%)
1(7.1%)
8 (57.1%)

10 (71.4%)

0
10 (71.4%)
4 (28.6%)

6 (42.9%)
2 (14.3%)
4 (28.6%)
1 (6.3%)
1 (6.3%)

4 (33.3%)
4 (33.3%)
4(26.7%)

Data were presented as mean SD (standard deviation) or number (percentage)

DI diabetes insipidus; GHD growth hormone deficiency; MPHD multiple pituitary hormone deficiency
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extension, optic apparatus, and vascular encasement.
Tumoral volumetric measures were quantified based on
preoperative isotropic T1 +images at MRI scan, using
the software mentioned above (Osirix; Pixmeo SARLS,
Bernex, Switzerland).

Surgical management

The surgical strategy (including timing and type of surgi-
cal intervention) was planned in each center by a dedicated
multidisciplinary board leaded by experienced pediatric
endocrinologists, pediatric neurosurgeons, and neuropsy-
chologists. Other specialists involved in the decision-mak-
ing process were neuroradiologists, ophthalmologists, and
otorhinolaryngologists. A multidisciplinary board made
decisions on surgical scheduling based on pre-operative
hypothalamic—pituitary state and radiological character-
istics in accordance with a standard procedure across the
involved Centers (Fig. 1). Indications for surgery included
hydrocephalus, acute or progressing visual disturbances,
hormonal deficiency, mass effect, and worsening neuro-
logical symptoms. The choice of the surgical approach and
the access route (endoscopic endonasal or microsurgical)
depended on the intrinsic features of the tumor (location,
size, consistency, extension, neurovascular encasement),
the surgeon’s preferences (according to personal experi-
ence, safeness, comfort on the performing the procedure),
and hypothalamic—pituitary axis preservation.

Patients with a normal preoperative pituitary function,
taking account of the above-mentioned intrinsic character-
istics of the lesion, underwent a staged approach (S group)
with the aim of preserving the normal hormonal status, the
regular child psychophysical and physical growth, before
scheduling a more radical resection (Fig. 2). All the other
patients were selected for a single-stage surgical treatment
(SS group) (Fig. 3).

The staged surgery group (S) was named S_1 (at the first
operation) and S_F (at the last operation). Regarding the
tumor extension, Yasargil classification system [22] was
used in every case to aid surgical planning, while Kassam
classification was employed only for tumors treated via
endoscopic endonasal transsphenoidal approach [23]. GTR
was defined as the absence of any residual mass, subtotal
(STR), and partial resection (PR) corresponded, respec-
tively, to the 51-90% and 10-50% of tumor removal.

Follow-up

Brain MRI with Gadolinium was planned 3 months after
surgery and then every 1 or 2 years. All subjects underwent
periodical clinical and biochemical assessment by a dedi-
cated team of endocrinologists (as previously described) and
ophthalmological examinations. In all the centers, quality
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of life was assessed on the basis of the Karnofsky Perfor-
mance Status scores. In one center, specific questionnaires
were used to assess five age-related domains: physical func-
tion, emotional well-being, cognitive function, and behav-
ior (including eating behavior and sleep—wake rhythm).
The Child Behavior Checklist (CBCL) was used to detect
behavioral and emotional impairment, social relations, and
school and total competence. The “Identification of prob-
lematic eating behaviors” scale was used to assess eating
disorders, while the sleep—wake diary was used to evaluate
sleep—wake rhythm. The specific questionnaires were ful-
filled by patients with family support. Time to recurrence
(TTR) was defined as the time from the curative surgery
(respectively, the only operation in the single-stage surgery
group and the last operation in case of staged surgery) to
recurrence.

Statistical analysis

Continuous variables were described as mean val-
ues + Standard deviation (SD). Differences between groups
were measured by Student’s ¢ test for continuous variables
and by the Chi-square test for categorical variables. P value
was set at 0.05 for a significant difference. Survival analysis
was achieved using Kaplan—Meier survival plots and log-
rank analysis. Cox regression multivariate analysis included
sex, pre- and post-operative hypothalamic dysfunction (HD),
pre- and post-operative diabetes insipidus, and extent of
resection (EOR). Statistical analyses were performed using
the statistical program SPSS version 27 (IBM, Armonk, NY,
USA).

Results
Pre-operative evaluation

Our cohort consisted of 96 patients (54 male and 42 female),
divided into two groups: single-stage surgery (n=_82, mean
age 9+4.47 SD) and staged surgery (n= 14, mean age
7.64+4.57 SD at the first operation). Sex distribution and
mean age at surgery were not statistically different compar-
ing the two cohorts (respectively, SS vs S_1 p=0.29 and
SS vs S_F p=0.78) (Table 1). All the CPGs in our cohort
had an adamantinomatous histotype. Mean hospitalization
duration was 17 + 34 days (range 7-37).

The percentage of patients suffering from hydrocephalus
(SS vs S_1, p=0.38), neurological symptoms (SS vs S_1,
p=0.18), visual field defects (»p =0.83), and hypothalamic
dysfunction (p =0.53) was not statistically different compar-
ing single-stage group with staged surgery group before the
first surgery. Similar results emerged comparing SS group
with staged surgery group before the last planned surgery.
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High Suspicion of Primary CPG
on CT/MRI

‘ Hydrocephalus
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Fig. 1 Flowchart summarizing the risk-based treatment algorithm for mone; LH luteinizing hormone; FSH follicle-stimulating hormone;
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puted tomography; MRI magnetic resonance image; EVD external radiotherapy

ventricular drainage; VAD ventricular access device;

GH growth hor-

GTR gross total resection; STR subtotal resection; IFN interferon; RT
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Fig.2 A case treated according to the principles of the “Staged
surgery”. A 9-year-old boy affected by a cystic suprasellar CFG
extended into the third ventricle (A, B). Considering the normal
function of his hypothalamic-hypophyseal axis, he was addressed to
a staged surgery with intentional endoscopic transcranial STR and
Ommaya catheter insertion. He was kept under clinical radiological
observation. Postoperatively, he was functionally independent and
hormonal axis was normal. Three years later, for the progressive

No significant differences emerged in the presence of
diabetes insipidus (DI), which was diagnosed, respec-
tively, in 13 (15.9%) and 2 (14.3%) patients in groups SS
and S_1 and 3 (21.4%) cases in group S_F (inter-group
comparison p =0.85). Hormonal serum tests in the sin-
gle-stage group revealed a condition of multiple pituitary
hormone deficiencies (MPHD) in 36 (43.9%) patients, pan-
hypopituitarism in 9 (11%), and normal pituitary function
in the remaining. In the S_1 group, nine patients were
eupituitaric and five were diagnosed with MPHD, and no
patients presented with panhypopituitarism. In the group
S_F, 6 (42.9%) patients had MPHD and 2 (14.3%) had
panhypopituitarism preoperatively. The incidence of pitui-
tary deficiency, including GH deficit, was not significantly
different among the three groups (p =0.54). Mean tumor
volume was not different comparing single-stage group
(21.71 +22.94 cm®) with the stage surgery group before
the first surgery (23.82 +22.27 cm’, p=0.75), neither
before the last surgery (19.76 +20.88 cm?, p=0.78). No
differences in histological subtypes’ frequency or in the
presence of calcifications were detected (Table 1).
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growth of the tumor (C, D), he underwent a reoperation with EETA
and GTR. A 6-month MRI showed a persistence of a suprasellar
cystic lesion (E, F) and gamma knife RT was administered. During
the 3 years later, a progressive shrinkage of the lesion was observed
and there was no presence of the tumor or further disease progression
at last follow-up (G, H). He is currently on replacement therapy for
diabetes insipidus and growth hormone deficiency, but he is attending
school with excellent results

Post-operative results
Pituitary function

In the single-stage group, DI resolved in 23% of cases and
appeared de novo in 40 patients (58% of the 69 cases without
pre-operative DI), without a significant variation compar-
ing pre- vs post-surgical incidence (p=0.19). In the staged
surgery group, two patients had pre-operative DI, which
resolved in one, while two patients developed DI after the
first surgery. One of the three patients affected by DI after
the first surgery recovered after the second surgery, but two
additional patients developed DI (DI incidence pre- vs post-
surgery p=0.17). With the limitation of the small sample
size, in the inter-group comparison (SS vs S), the rate of
new-onset post-operative DI was slightly higher after the
single operation in the single-stage group compared to the
outcome of the multiple-stage surgery group (p =0.06)
(Table 2).

In the SS group, after surgery 31 patients (37.8%) had
panhypopituitarism, 38 patients (46.3%) had MPHD, and
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Fig.3 A case treated according
to the principles of “single-
stage” surgical treatment. A
13-year-old boy with panhypo-
pituitarism due to a suprasellar
craniopharyngiomas extended
into the third ventricle and
involving the pituitary stalk

(A, B) underwent an extended
endoscopic endonasal approach
with gross total resection and
resection of pituitary stalk (C,
D) as confirmed on the 3-month
post-operative MRI

the remaining had a normal pituitary function (Table 2).
Among the 37 children who preoperatively had normal pitui-
tary function, 28 developed a pituitary hormone deficiency
(16 MPHD and 12 panhypopituitarism) (Fig. 4A). Pitui-
tary dysfunction resolved in 4 patients with MPHD (4/36,
11.1%) and improved in 9 patients with panhypopituitarism
(13/36, 33.3%) (Fig. 4B). The hormone deficiency in MPHD
worsened in 13 patients (13/36, 36.1%). In summary, in this

group, 41 (50%) patients faced post-operative worsening of
pituitary function (pre- vs post-surgical prevalence of hypo-
pituitarism p =0.034) (Fig. 4C).

After the first operation in the S group, 6 (42.9%) patients
had normal pituitary function, 7 (50%) had MPHD, and 1
(7.1%) had panhypopituitarism (pre- vs post-surgical preva-
lence of hypopituitarism p=0.234). MPHD developed de
novo in nine patients and recovered in one patient.
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Table 2 Outcome after single-
stage and staged surgery

Single-stage Staged surgery Staged sur-

surgery (group  (group S_1) gery (group
SS) S_F)
Pituitary function
Normal pituitary function 13 (10%) 6 (42.9%) 3(21.4%)
MPHD 38 (46.3%) 7 (50%) 7 (50%)
MPHD recovery 4 (11.1%) 120%) -
MPHD new onset 16 (43.2%) 3(33.3%) 2 (33.3%)
Panhypopituitarism 31 (37.8%) 1(7.1%) 4 (28.6%)
Panhypopituitarism recovery 3(33.3%) - -
Panhypopituitarism new onset 12 (32.4%) 1(11.1%) 1(16.7%)
Panhypopituitarism if preexistent MPHD 13 (36.1%) - 1(16.7%)
GHD 52 (42.2%) 4 (28.6%) 4 (28.6%)
GHD recovery 13 (35.1%) - 2 (40%)
GHD new onset 18 (40%) 1(9.1%) 2 (18.2%)
DI 50 (61%) 1 (50%) 2 (66.5%)
DI recovery 3 (23%) 1 (50%) 1 (33%)
DI new onset 40 (58%) 2 (16%) 2 (18.7%)
Visual function
Impaired or recovered 5(16.1%) 1 (20%) 2 (40%)
Stable 22 (71%) 13 (80%) 3 (60%)
New Onset 8(9.7%) - 1(7.1%)
Hypothalamic function
Improvement or recovering (if preoperatively present) 17 (77.3%) 5 (100%) 5 (100%)
Stable 56 (68%) 8 (57%) 9 (64.2%)
Worsened 4 (4.9%) 1(7.1%) -
Neurological symptoms
Improvement 38(77.5%) 11 (100%) 7 (87.5%)
Stable 6 (12.2%) 3 (100%) 7 (43.75)
Worsened 5(10.2%) - 2 (12.5%)
New onset 4 (4.9%) - 1(6.2%)
Post-operative complications 18 (21.9%) 2 (14.2%) 7 (50%)
SIADH 9 (50%) 2 (100%) 2 (28.6%)
Cerebrospinal fluid leak 7 (8.55%) - 1(7.1%)
Hemorrhage 2 (2.4%) - 1(6.2%)
Hydrocephalus 4 (4.9%) - -

New-onset cases are reported as the prevalence over the respective cohort. Single-stage surgery (group SS)
and Staged-Surgery after the first (S_1) and after radical surgery (group S_F)

DI diabetes insipidus; GHD growth hormone deficiency; MPHD multiple pituitary hormone deficiency;
SIADH syndrome of inappropriate antidiuretic hormone secretion

After the last surgery, the prevalence of post-operative
complete hypopituitarism was significantly higher compared
to the pre-surgical period (p=0.01), with 28.6% of the group
experiencing worsening pituitary function and no patient
seeing improvement (Fig. 4D).

Thirty-seven (35.1%) of the 37 GH-deficient patients
recovered following surgery, but 18 (40%) of the 40 unaf-
fected patients experienced a new-onset deficiency (odds
ratio 2.769, 95% interval confidence 1.125-6.816). The
prevalence of post-operative GH deficiency was signifi-
cantly higher in the multiple-stage surgery group after
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their first operation compared to baseline (p =0.002). No
significant variation emerged after the last surgery. The
difference in the prevalence of new-onset post-operative
GH deficiency was not different comparing the three
groups (p=0.09) (Table 2). In the inter-group analysis,
the rate of post-operative panhypopituitarism in group
SS exceeded the expected frequency (p =0.05). Puberty
induction for hypogonadotropic hypogonadism was neces-
sary in 10 (12.2%) cases in the single-stage group and in 1
(7.1%) case in the staged group.
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Fig.4 Endocrinological results. Hormonal status before and after
single-stage surgery (SS) (Panel A) and the variation of the hormone
status in the post-operative period is reported (Panel B); furthermore,
the deficit of each hormonal axis after surgery is specified and related
to the relative pre-operative hormonal status (Panel C); hormonal

Functional and visual outcome

HD improved postoperatively in 17 out of 22 patients
(77.3%) in the single-staged group and in five patients in
the multiple-stage surgery group (both after the first and
the last surgery). Four patients in SS group (4.9%) and one
patient (7.1%) in the S group (4.9%) had a new-onset HD
dysfunction, consisting of eating disorders, sleep cycles’ dis-
turbances in all the cases and in temperature dysregulation
in one case of the first group.

No significant differences were observed in the frequency
of post-operative neurological recovery and visual defects
improvements or worsening among the three groups (respec-
tively, p=0.6, and p=0.09).

Complications

Post-operative general medical complications were
reported in 18 (21.9%), 2 (14.2%), and 7 (50%) of cases,
respectively, in the single-stage group and after the
first and the last operation in the multiple-stage group
(inter-group comparison p =0.05). The most frequently
reported post-surgical medical issue was the syndrome of

m Pre operation  m After | operation After radical surgery

status before and after staged surgery (S). Post-operative results are
highlighted after the first and the radical operation (S_1 and S_F)
(Panel D); CAI central adrenal insufficiency; GHD growth hormone
deficiency; MPHD multiple pituitary hormone deficiency

inappropriate antidiuretic hormone secretion (SIADH),
followed by cerebrospinal fluid leakage, without differ-
ences due to the surgical strategy (p =0.332 and p=0.51).
Three (3.1%) cases of post-operative hemorrhages were
reported in the entire cohort: two in single-stage group
and one in the staged surgery group. Post-operative hydro-
cephalus was diagnosed in 4 (4.9%) cases after the single
surgery, whereas no similar cases were reported in the
staged procedure. Early surgical mortality occurred in two
patients.

Recurrence

Twenty-nine patients in the whole cohort (29.6%) faced
tumor progression at neuroradiological follow-up; of these,
10 (10.2%) were lost at follow-up after recurrence diagno-
sis, and 19 (19.4%) patients underwent reoperation. Tumor
resection rate in patients with recurrence did not differ
significantly comparing single-stage with staged surgery
groups (GTR p=0.836, STR p=0.887). No differences
emerged in the percentage among the patients treated with
adjuvant RT comparing the two groups (p =0.310).

@ Springer



1228

Journal of Endocrinological Investigation (2023) 46:1219-1232

Follow-up and survival analysis

The mean follow-up was 81.2 +53.1 months for SS group,
55.6 +43.8 months for S_F group, and 102.4 + 44 months
for recurrent CPGs (Table 3). A total of 28/78 (35.9%),
3/16 (15.8%), and 1/13 (7.7%) patients showed tumor
progression, respectively, in the single-stage group,
staged-surgical group after the last operation (S_F) and
in the recurrent groups. The difference in the progression
ratio was statistically significant comparing the single-
stage group with multiple-stage group (p =0.04, two-
way chi-squared test), but not with the recurrence group
(p =0.07), neither comparing multiple-stage group with
recurrences (p =0.45). In the inter-group comparison,

log-rank analysis of Kaplan—Meier survival and hazard
plots confirmed that the rate of progression-free patients
was significantly lower when undergoing one-stage resec-
tion rather than staged resection and or in recurrent sur-
gery (p=0.03) (Fig. 5).

Considering the QoL, 72 patients (75%) attended school
regularly, without major social limitation, regardless of the
timing of the treatment. Nearly 24 (25%) however, needed
some form of assistance in their daily activities (mostly for
visual impairment, attention disorders, and sleep-rhythm
disturbances).

This finding was mainly observed in patients undergo-
ing one-step surgery with GTR especially in case of retro-
chiasmatic tumor location and hypothalamic involvement.

Table 3 Survival analysis

Single-stage surgery  Staged surgery (group S_F) Relapses (group R)
(group SS)
Mean follow-up + SD 81.2+53.1 55.6+£43.8 102.4 +44
Mortality 2,4% (2/82) 7,1% (1/14) 5.3% (1/19)
PFS: 5 years 70.7% (58/82) 93.75% (14/15) 89.47% (17/19)
PES: 10 years 67.1% (55/82) 93.75% (14/15) 84.21% (16/19)

PFS progression-free survival; SD standard deviation; SS single-stage surgery; S_F staged surgery after last

intervention; R relapses

Fig.5 Kaplan—Maier survival
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Discussion

Craniopharyngioma is a benign tumor with propensity to
recur and high late morbidity due to brain injury. Despite
the continuous advances in surgical techniques, the man-
agement of CPGs remains controversial, particularly
in pediatric age. It is beyond the scope of this study to
describe the advantages of one surgical technique over
the other, as described elsewhere [24, 25]. Herein, we per-
formed a retrospective analysis of data gathered by four
European Referral Centers to evaluate the long-term out-
comes of a surgical tailored approach.

Several authors suggested delaying the definitive treat-
ment (radical surgery/RT or both) as long as possible in
accordance with the patient's age [26, 27], while others
support a more aggressive treatment to lower the risk of
subsequent recurrences despite potential higher compli-
cations. Data regarding predictors of recurrence and sur-
vival are inconsistent due to multiple variables involved,
including histological features. Due to the greater preva-
lence of the adamantinomatous variant, the recurrence
rate is higher in children than in adults, and some authors
embraced the thesis that radical surgery in children could
not completely eradicate the risk of recurrence, which is
around 36% after GTR [1, 27, 28]. Furthermore, few data
are available about the natural history of untreated CPG,
even if some contributions stated that untreated lesions
carried a threatening growth potential [29]. The goal of
reducing the risk of relapse should be balanced with the
importance of preserving hypothalamic/pituitary function
[30, 31], focusing on the patient’s long-term QoL.

Multiple variables steps should be considered to guide
the extent of resection, surgical approach and route, and
the timing of surgery in pediatric patients, including the
patient’s age, visual and neurological statuses, hypotha-
lamic involvement, pituitary residual function and the psy-
chophysical growth, previous surgical and/or radiotherapy
treatments (Fig. 1).

In our study protocol, patients were addressed to radical
one-stage surgery or to multiple-stage surgery according
to their pre-operative hormonal status and age at surgery.
Patients with hormonal deficiencies were considered
eligible for a radical intervention, while patients with a
normal hypothalamic—pituitary—adrenal axis were treated
preferentially with staged operations’ approach aimed to
limit tumor growth, sparing neuro-cognitive and pituitary
functions.

In our cohort, GTR was obtained in 44% of patients.
This only partially agrees with previous findings reporting
a higher frequency of complete resection (49-84% of the
cases) [29]. This gap could be explained by the application
of an individualized risk-based approach. The presence

of crucial structures, and the impossibility of predicting
tumor adhesion with neurovascular structures, increases
the risk of damage independently of the extent of the
resection [29]. No difference emerged in post-operative
complications between the groups, confirming that compli-
cations depend much more on the unpredictability of the
individual lesion and the manipulation of neurovascular
structures rather than the EOR.

During follow-up, the resolution of pre-operative DI was
observed in 23% phenomenon had been reported rarely in
the literature [32, 33]. Otherwise, the onset of new post-
operative DI appeared higher (58%) in patient treated with
a single-stage surgical treatment (group SS) as consequence
of a more aggressive manipulation of the pituitary stalk.
Considering other endocrine sequelae, the reversal of a
pre-existing pituitary hormonal deficiency after any surgi-
cal intervention is quite rare [34]; however, some authors
reported cases of partial recovery of the pituitary function
after craniopharyngioma removal even after pituitary stalk
section [35, 36]. We interestingly found a partial restora-
tion of the pituitary function in 15% of cases. Within the
deep analysis, the rate of post-operative pituitary function
worsening was higher in patients in group SS and complete
hypopituitarism exceeded expected frequency.

An important concern is whether GH hormone replace-
ment therapy contributes to tumor recurrence. A meta-anal-
ysis has recently demonstrated that GH replacement is not
associated with the recurrence of craniopharyngioma [37];
however, especially in case of residual tumor after a partial
resection, the introduction of GH replacement treatment
should be evaluated case by case. In each group considered,
a significant post-operative GH deficiency was observed,
despite the surgical strategy. Considering the extent of resec-
tion, it was preferred to start the GHRT after a single-staged
surgery (SS) and to postpone it after the complete resection
(S_F) in the staged surgery.

Considering puberal induction for hypogonadotropic
hypogonadism, it was required in both groups (12.2% vs
7.1%).

Regarding neurological and visual post-operative out-
come, the rate of neurological recovery improved signifi-
cantly after surgery and did not differ across the groups,
while there was no difference in visual outcome was
observed. Visual symptoms at presentation seems to be asso-
ciated with a significant poorer visual outcome [38, 39];
however, in our cohort, only 13% of patients who presented
preoperatively a visual defect worsened after surgery.

Considering the post-operative HD, the “hypothalamus
sparing” surgery has been shown to decrease the occurrence
of severe obesity without increasing the local recurrence rate
[27, 30, 40]. Furthermore, other authors recently reported
interesting results particularly in post-operative improve-
ment in body temperature and outcome of the sleep—wake
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cycle and body temperature using the EETS [41]. In the pre-
sent cohort, pre- and post-operative HD rate within groups
is comparable with the relevant literature. A total of 5% of
obesity, food intake, and sleep cycle disorders were observed
among patients treated in group SS and only one case of obe-
sity and sleep disorders, respectively, in group S_1 (7.1%)
and S_F (6.3%). Remarkably, we found a complete resolu-
tion of HD symptoms in 100% of patients treated with staged
surgery and in 77% after a primary surgery. This discrepancy
is unusually considering the risk of tumor remnant growth
and the relative cumulative risk of hypothalamic involve-
ment over time. It could be explained, however, considering
the possibility, granted by a staged surgery, to approach the
tumor from different naive routes (i.e., TCA during the first
approach followed by EETS when nasal sinus is developed
and pneumatized) allowing a decompression of the supra-
sellar tumor and hypothalamus and removing in a second
time the residual tumor avoiding scars of the previous surgi-
cal route.

CPGs are associated with decreased survival, and several
authors have reported an overall mortality rate five times
higher to the general population [42]. In the earlier studies,
mostly about mixed or adult population the survival rates
were as low as 67-69% at 5 years and 43% at 10 years. In
recent years, with the evolution of the surgical treatment
and new approaches to this tumor, an improvement has
been demonstrated, reaching 80-94% of survivors at 5-year
follow-up [31, 43]. At 10-year follow-up rates differs accord-
ing to treatment, being 60—100% the survival after GTR,
25-60% after STR/PR, and 77-100% after STR +RT [29]. In
our cohort, the cumulative survival rate in the entire group
of patients was 98% at 5 years and 95.9% at 10 years, which
agrees with the relevant literature. Further analysis showed
no difference in 5- and 10-year survival probability among
treatment groups (P, S_F, and R), while the progression-
free survival and recurrence rate were significantly lower
among patients undergoing a primary resection (P). This
finding may be because a more radical removal is possible
by means of staged surgery, allowing the use of different
surgical routes. In relapses, the progression-free survival is
certainly related to radiotherapy which in this subgroup of
patients is a valid option and can reduce the rate of disease
progression after tumor removal.

Considering functional outcome, hypothalamic damage
plays a central role in the development of post-operative
functional impairment in terms of obesity and awake-sleep,
body temperature disorders, emotions, and mood disorders.
Despite some factors have been defined as predictor of post-
operative HD (tumor size greater than 3.5 cm, hydrocepha-
lus, and preoperative increase of BMI greater than 2 DS),
the role of preoperative neurobehavioral disturbances has
not been evaluated yet. Despite radical surgery seems associ-
ated with a less-favorable outcome [44] and hypothalamus
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sparing treatment is recommended [45], however, the mor-
bidity scores are not different between children who received
RT after STR and those who had GTR [46]. In this scenario,
proton beam therapy or radiosurgery with Gamma Knife or
Cyber knife should be evaluated during a long follow-up to
assess their long-term efficacy and toxicity, particularly in
terms of potential reduction in treatment-related hypotha-
lamic damage and neurobehavioral deficits [47].

We also evaluated the QoL not only considering post-
operative visual deficits or obesity, but also the eventual
decline of cognitive functions resulting after the surgical
treatments (one-stage vs staged surgery) or RT, using ques-
tionnaires that were submitted to patients and parents to
quantify the social reintegration of children and cognitive
abilities.

Indeed, considering the current literature, data on neu-
robehavioral outcome are inconsistent or contradictory, and
they are commonly based on the surgeon’s subjective judg-
ment and no disease-specific measures for health-related
quality of life (HRQOL), eating behaviors, and sleep—wake
rhythm have been validated for craniopharyngiomas and
hypothalamic damage. We only considered the QoL after a
single approach and we did not consider QoL according to
the number of operations and recurrences, which remain the
factors that most affect quality of life along with the hypo-
thalamic involvement of the tumor. In the present cohort,
three-quarters of patients attended school regularly, without
major social limitation, regardless of the timing of the treat-
ment after a single stage or a staged surgery. Nearly one
quarter, however, needed some form of assistance in their
daily activities, especially after the single-stage surgical
treatment when a GTR was attempted and a hypothalamic
involvement was preoperatively suspected.

The effects of preoperative hypothalamic involvement and
operative/post-operative hypothalamic damage on patients’
QoL cannot be assessed independently, because these two
entities are strongly correlated.

For this reason, a greater effort should be given on preop-
erative evaluation of each subclinical hypothalamic involve-
ment even before surgery.

Strengths and limitations of this study

This manuscript provides an accurate description of both
epidemiology and outcomes in a contemporary cohort of
consecutive patients that were treated in different centers by
different surgeons. In all the different institutions, the treat-
ments have been tailored to the individual patient according
to age, anatomy, and clinical-endocrinological status. The
number of collected patients is significantly higher than a
standard pediatric series.

The results of this study are limited by their retrospective
nature, the lower rate of patients treated with staged surgery
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and by heterogeneity of QoL’s data. Moreover, considering
the small number of patients that underwent RT, it was out
of our purpose to compare long-term results between GTR
and STR +RT. A further limitation could be given by the
heterogeneity in the cut-off used for the definition of the
various pituitary defects over the years and between the dif-
ferent laboratories of the involved centers. It must also be
recognized that an increasingly important role in terms of
tumor behavior and recurrence risk could be played by the
tumor microenvironment.

Conclusions

Currently, the first objective in the management of CPGs
is the preservation of a good QoL with protection of neu-
robehavioral, cognitive, and hypothalamic functions. How-
ever, despite all the advancement, the optimal treatment in
pediatric patients is not established and patient management
remains debated. To our knowledge, this is the first report
describing results of a staged surgery in pediatric patients.
The role of a “staged therapy”, in selected patients, has
shown to be safe and effective, allowing a physiological
growth of the child with an initial normality in their hypo-
thalamic—pituitary axis before a more radical operation.
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