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ABSTRACT

Background. Craniopharyngioma (CP) is a rare tumor in the elderly whose clinical features and
prognosis are not well known in this population.

Aim. To evaluate the clinicopathological features and therapeutic outcomes of CP diagnosed in the
elderly.

Patients and Methods. A retrospective, multicenter, national study of CP patients diagnosed over
the age of 65 years and surgically treated was performed.

Results. From a total of 384 adult CP patients, we selected 53 (13.8%) patients [27 women (50.9%),
mean age 72.3 + 5.1 years (range 65-83 yr)] diagnosed after the age of 65 years. The most common
clinical symptoms were visual field defects (71.2%) followed by headache (45.3%). Maximum tumor
diameter was 2.9 + 1.1 cm. In most patients, the tumor was suprasellar (96.2%) and mixed (solid-
cystic) (58.5%). The surgical approach most commonly used was transcranial surgery (52.8%) and
more than half of the patients (54.7%) underwent subtotal resection (STR). Adamantinomatous CP
(ACP) and papillary CP (PCP) were present in 51% and 45.1%, respectively, with mixed forms in the
remaining. Surgery was accompanied by an improvement in visual field defects and in headaches;
however, pituitary hormonal hypofunction increased, mainly at the expense of an increase in the

prevalence of diabetes insipidus (DI) (from 3.9% to 69.2%). Near-total resection (NTR) was

associated with a higher prevalence of DI compared with subtotal resection (87.5 vs 53.6%, p=0.008).

Patients were followed for 46.7+40.8 months: Mortality rate was 39.6% with a median survival time
of 88 (95% CI, 57-118) months. DI at last visit was associated with a lower survival.

Conclusion. CP diagnosed in the elderly shows a similar distribution by sex and histologic forms
than that diagnosed at younger:ages. At presentation visual field alterations and headaches are the
main clinical symptoms which improve substantially with surgery. However, surgery, mainly NTR, is
accompanied by worsening of pituitary function, especially DI, which seems to be a predictor of
mortality in this population.
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INTRODUCTION

Craniopharyngioma (CP) is a non-glial intracranial tumor developed from embryonic remnants of the
craniopharyngeal duct (Rathke’s pouch), which explains its selar or suprasellar location [1]. It is a
very rare tumor with an overall age-adjusted incidence rate of 1.7-1.9 cases per 1 million person-

years without gender predominance [2,3].

CP represents <1% of all CNS tumors; however, in children, CP is the most common non-glial
intracranial tumor (~10% of brain tumors), with an annual incidence of 2.1-3.8 cases per 1 million
children [2-6].

Although CP can develop at any age, its distribution usually depends on the histological type.
Adamantinomatous CP (ACP) has a bimodal distribution with peak incidences between 5 and 14
years in children and 45-60 years in adults [2,3,7]. However, papillary CP (PCP) appears almost

exclusively in adults, with a mean age of 45-50 years [7].

CP can be accompanied by neuro-ophthalmological and endocrinological symptoms due to
compression of neighboring structures and involvement of the pituitary hypothalamic axis [8]. Such
symptoms may be related to the location of the tumor and the age of the patient. Older patients can
develop depressive symptoms and cognitive disorders that could make diagnosis difficult and
delayed.

To the best of our knowledge, there are no published series that have studied in detail CP diagnosed
in advanced age. Given the paucity of information on CP in this population [9-12] and the progressive
aging of the population,-and therefore a probable increase in the incidence of this tumor in the future,
we believe of interest to appraise better the clinical behavior and therapeutic response of CP in this
population. Therefore, the objective of the present study was to analyze the clinicopathological
features, used therapies and outcomes in a large series of elderly patients diagnosed with CP over

the age of 65 years.

PATIENTS AND METHODS

A retrospective, multicenter, national study of patients diagnosed with CP over the age of 65 years,
and treated surgically, encompassing the last two decades (from 1996 to 2019). The project received
a favorable evaluation from the board of directors of the Spanish Society of Endocrinology (SEEN)
and was disseminated to all members of the Neuroendocrinology Task Force of the SEEN, a working
group that includes most of the endocrinologists who are experts in neuroendocrinology. All members
had the opportunity to review the protocol and suggest modifications. After several rounds of emails
and discussion sessions, a final version of the protocol was approved by the 24 investigators from

15 centers who were interested in participating.
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Clinical data, hormonal workup, imaging tests and therapeutic outcomes were recorded in each
patient. CP diagnosis was established with the histological demonstration of the tumor after surgery.
Near-total resection (NTR) was defined as > 90% resection of tumor volume and subtotal resection
(STR) was defined as the removal of 25-90% of tumor volume based on the post-surgical MRI
findings.

In every patient the following parameters were analyzed: sex, age at diagnosis, personal background
(cranio-cervical radiotherapy, diabetes, hypertension, and hyperlipidemia), clinical manifestations at
diagnosis, tumor features, therapies used, surgical complications, and therapeutic outcomes.

Type and number of pituitary deficiencies were also registered. Hypopituitarism was defined as
deficient secretion of one or more pituitary hormones diagnosed by criteria of routine clinical practice.
The diagnosis of hypopituitarism was made based on the baseline hormonal values [thyrotropin,
TSH; free thyroxine, FT4; follicle stimulating hormone, FSH; luteinizing hormone, LH; testosterone
(men), 17-beta-estradiol (women); cortisol; and insulin-like growth factor type 1, (IGF 1) and PRL].
Hormonal measurements were performed in each laboratory using standard radioimmunoassay,
immunoradiometric assay or enzymoimmunometric assay methods, with their respective reference
ranges. Hormonal status was evaluated at diagnosis, up to 3 months after surgery, and again at their

last clinical visit.

Tumor response evaluation criteria used at the last clinical visit were: Tumor cure (TC) when the last
imaging study was negative; Partial response (PR): a reduction of at least 30% of the initial largest
tumor diameter in the last 6 months; Progressive disease (PD): tumor progression of at least 20% of

the largest diameter in the last 6 months; and stable disease (SD): neither PR nor PD.

Patient’s data were obtained under the standard medical care conditions. The patient’s confidential
information was protected according to national law and the study was approved by the local ethics
committee of the hospital Puerta de Hierro Majadahonda, Madrid. Spain.

Statistical analysis

Qualitative data are presented as the number of patients and the percentage in parenthesis or the
number of patients with the feature / total number of patients with available information and relevant
percentage in parenthesis. Quantitative data are expressed as mean + SD for normally distributed
data or as median (interquartile range) for nonparametric data. Kolmogorov- Smirnov test was used
to check the normal distribution of the quantitative variables. The Student t-test was used for mean
comparisons between two groups of subjects for normally distributed data, and the Mann-Whitney
test was employed for nonparametric data. For ratio comparisons the %2 test was used. Survival time

was estimated by the Kaplan-Meier method; the log rank test was used to compare arms. The
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expected mortality by age, gender, and year of calendar of mortality was calculated for each patient
according to data obtained from the Spanish National Statistical Institute [13]. Standardized mortality
ratio (SMR) was defined as the number of observed deaths/number of expected deaths in an age-
and gender-matched population using the Spanish population as the reference. Estimated 95%
confidence interval (Cl) for the SMR was calculated using an open source SMR OpenEpi calculator,
version 3 [14]. Unadjusted and stepwise multivariate Cox regression models were used to assess
the effects of several quantitative (age and maximal tumor diameter) and qualitative (sex, diabetes,
hypertension, dyslipidemia, clinical signs and symptoms, hormonal deficits, tumor compoaosition,
calcifications, sellar involvement, surgical approach, surgical resection type, histological tumor type,
and radiotherapy) variables on the risk of death. Hazard ratios (HRs) and their 95% confidence

intervals (Cls) for mortality were estimated. Differences were considered significant when p< 0.05.

RESULTS

Clinical data and imaging studies

From a total of 384 adult CP patients, we selected 53 (13.8%) patients [27 women (50.9%), mean
age 72.3 + 5.1 years (range 65-83 yr)] diagnosed after the age of 65 years (table 1). According to
age range, 18 (34%) were in the range 65-69 years, 23 (43.4%) patients in the range 70-75 years,
and 12 (22.6%) were over 75 years old. No significant differences in age between men and women
were found (72.1 + 5.2 vs 72.4 + 5.2 yr). No patient had a history of prior cranial radiation therapy.
Diabetes mellitus, hyperlipidemia, and hypertension was present in 22 (41.5%), 32 (60.4%) and 33
(62.3%) patients, respectively. According to sex, women showed larger tumors (3.2 + 1.2 vs 2.6 *
0.9 cm, p=0.045) and a higher prevalence of diabetes mellitus (55.5% vs 26.9%, p=0.033) and sellar
involvement (63 vs 34.6%, p=0.036) compared to men (table 1).

Median time from the onset of symptoms to the diagnosis of CP was 4 months (2-7.5 mo). The
diagnosis of CP was incidental in 13 (24.5%) patients. The most prevalent clinical symptoms at
diagnosis were visual field defects (mainly hemianopsia), followed by headache, memory

disturbances, disorientation, sleep disorders, and behavioral disturbances (figure 1).

Gonadotropin deficiency was the most prevalent pituitary hormonal deficiency at diagnosis followed
by thyrotropin, GH, ACTH and antidiuretic hormone (ADH) (figure 2). Hyperprolactinemia at
diagnosis was present in 16/46 (34.8%).

Imaging techniques used were cranial computed tomography (CT) in 34/52 (65.4%) and pituitary
magnetic resonance imaging (MRI) in 51/53 (96.2%) patients. Maximum tumor diameter was 2.9 +
1.1 cm. In most patients (31, 58.5%) the tumor was mixed (solid-cystic), in 19 (35.8%) cystic and in
3 (5.7%) solid. Calcifications within the tumor were present in 19/52 (36.5%) patients. Tumor location

was suprasellar in most patients (51, 96.2%). Of these, 26 (49.1%) patients had sellar involvement.
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Two patients (3.8%) presented atypical locations (one ventricular and one sphenoid). Chiasmatic

compression was present in 43 (81.1%) patients. Lastly, 8 (15.1%) patients showed hydrocephalus.

Treatment outcomes and pathological results

The surgical approach most commonly used was transcranial surgery (28, 52.8%) followed by
endoscopic endonasal transsphenoidal (EET) surgery (22, 41.5%), and microscopic transsphenoidal
(MT) surgery (3, 5.7%).

We did not find any significant difference in age at diagnosis, sex, maximum tumor diameter,
presence of calcifications, chiasmatic compression, tumor composition and type of resection
between transcranial and transsesphenoidal approaches. Only the presence of sella turcica
involvement by the tumor was statistically different between both surgeries (64.0% vs 37.5%,

transsesphenoidal vs transcranial, p=0.037).

More than half of the patients (29, 54.7%) underwent STR and the remaining (24, 45.3%) NTR. A
significantly higher prevalence of DI after surgery in patients who underwent NTR was observed
(87.5 vs 53.6%, p=0.008) (table 2).

In more than half of the patients (31, 58.5%) the tumor was mixed (solid-cystic), in 19 (35.8%) cystic
and in 3 (5.7%) solid. Calcifications within the tumor were present in 19/52 (36.5%) patients. Tumor
location was suprasellar in most patients (51, 96.2%). Of these, 26 (49.1%) had sellar involvement.
Two patients (3.8%) presented atypical locations (one ventricular and one within the sphenoid).

Chiasmatic compression was present in 43 (81.1%) patients and 8 (15.1%) showed hydrocephalus.

Histological type of the CP was available in 51 (96.2%) tumors. The most common form was
adamantinomatous  CP (ACP) (26/51, 51%) followed by papillary CP (PCP) (23/51, 45.1%) and
mixed forms (2/51, 3.9%). No significant differences between ACP and PCP in sex, age at diagnosis,
maximum tumor diameter, presence of calcifications, sellar involvement or type of resection were

found.

BRAF V600E and CTNNB1 gene mutations were available in 22 (41.5%) and 20 (37.7%) patients,
respectively. Mutations for BRAF V600E and CTNNB1 were positive in 5/22 (22.7%, all of them PCP;
one of these with a double BRAF V600 and CTNNB1 gene mutation) and 5/20 (25%, 4 of them ACP),
respectively. No significant differences in age, sex, clinical characteristics and pituitary function at
diagnosis, maximal tumor diameter, type of resection and surgical approach between patients with

positive and negative gene mutations were found.

After surgery, a reduction in the prevalence of hemianopia (18/51, 35.3%), headaches (15/52, 28.8%),
memory disturbances (14/46, 30.4%), disorientation (11/49, 22.4%), sleep disorders (7/48, 14.6%),

and behavioral disturbances (9/47, 19.1%) was observed with respect to time of the diagnosis (figure

7
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1). The prevalence of depression was unchanged; however, the prevalence of hyperphagia (11/52,
21.2%), nauseal/vomiting (9/52, 17.3%), changes in body temperature (6/52, 11.5%) and
adipsia/hypodipsia (4/51, 7.8%), increased (figure 1).

On the other hand, the prevalence of pituitary hormonal hypofunction increased for all hormones
after surgery, mainly at the expense of DI (from 3,9% to 69.2%) and secondary adrenal insufficiency
(from 23.5% to 69.2%) (figure 2). Hyperprolactinemia slightly decreased to 13/44 (29.5%).

Imaging studies after surgery were available in 49/53 patients (92.4%). There were 21/49 (42.9%)
cured patients, 24/49 (49.0%) with tumor persistence and 4/49 (8.2%) recurrences. Only 6/49
patients (12.2%) with tumor persistence after first surgery underwent a second surgery (1 EET and
5 transcranial approach, 5 STR and 1 NTR, mean time between both surgeries, 66.6 + 64.3 mo,
range 9-139 mo).

Radiotherapy was used in 10 (18.9%) patients, 2 of them after a second surgery [3 conventional
radiotherapy and 7 fractionated stereotactic radiotherapy, mean.dose 48.8 + 4.5 Gy (range, 38-54)].

Lastly, intracavitary chemotherapy with alpha interferon was‘used in one patient.

Long-term follow-up

At last clinical visit, 48/53 (90.6%) patients could be evaluated after a follow-up period of 46.7+40.8
months (1-167). At this time, the only clinical symptom that improved significantly with respect to
baseline and after surgery was headache (3/45, 6.7%). Compared to the post-surgical evaluation
some clinical symptoms (visual fields, memory disturbances, disorientation, sleep disorders, and
behavioral disturbances) ‘worsened slightly whereas others (hyperphagia, nausea/vomiting,
hypo/hyperthermia, and adipsia/hypodispsia) improved slightly. Lastly, depressive symptoms were
not modified (figure 1). The prevalence of hormonal deficiencies at the last clinical visit was similar
or slightly higher than that observed at the postoperative evaluation (figure 2). DI insipidus at last
visit was associated with surgical resection type [17/19 (89.5%) vs 16/28 (57.1%), NTR vs STR,
p=0.017]. Lastly, hyperprolactinemia remained stable 14/44 (31.8%).

Most patients (22/51, 43.1%) showed TC, 7/51 (13.7%) PR, 18/51 (35.3%) SD, and 4/51 (7.8%) PD
(p=0.01). We did not find significant differences between the clinical tumor response and the surgical
approach. However, histological type did influence the type of clinical response. In this sense, TC
was the clinical response more commonly observed in PCP (16/22, 72,7%), while SD (12/25, 48%)
was preferably detected in ACP. Lastly, PD was only found in ACP patients (4/25, 16%) (p=0.009)
(figure 3).

During the study 19/48 (39.6%) patients died. Only one patient died within 30 days after surgery (29"

day). We did not find significant differences in age at diagnosis, sex, tumor size, sella turcica
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involvement, chiasmatic compression, pituitary hormone deficiency, surgical resection type, surgical

approach, histological type, and radiotherapy among patients who died and survived.

Of the 19 patients who died, we found out the cause of death in 15/19 (78.9%). The most common
causes of death (11/15, 73.3%) were those related to the tumor and / or its treatments (cause-specific
mortality) and perioperative complications [systemic infection (n=3), post-surgical bleeding (n=2),
radionecrosis (n=1), anaplastic astrocytoma (n=1), late hydrocephalus (n=1), tumor progression n=1),
aspiration and respiratory failure after postoperative seizures (n=1) and sudden death (n=1)]. Other
causes were cancer (2/15, 13.3%), cardiovascular disease (1/15, 6.7%) and complication of
urological surgery (1/15, 6.7%). SMR was 12.2 (95% CI 11.8-29.1). SMR for women (14.3, 95% CI
7.0-26.3) was higher than for men (10.8, 95% CI 5.5-19.2).

Kaplan-Meier analysis showed a median survival time of 88 (95% CI, 57-118) months for all-cause
mortality (figure 4A). The overall survival rates at 1 and 5 years was 87% and 64%, respectively.
Cause-specific mortality in our patients was earlier than all-cause mortality. In this setting, median
survival time for cause-specific mortality was 43 (95% CI, 0-109) months, with median survival at 1
and 5 years of 60% and 35%, respectively (figure 4B). Patients with DI at last visit showed a lower
survival probability than those without DI (Log Rank 8.4, p=0.004) (figure 4C).

Unadjusted and stepwise multivariate Cox regression models showed that cause-specific mortality
was not influenced by sex, age at diagnosis, maximal tumor diameter, surgical approach, type of
surgical resection, and radiotherapy. Only DI at last clinical visit was significantly related to cause-
specific mortality (HR, 11.6, 95% CI, 1.3-102, p=0.027).

DISCUSSION

The present study reports the first series reviewed in detail of CP in elderly patients surgically treated
with a long follow-up period. Our work shows that this tumor is equally distributed between men and
women. The most prevalent clinical characteristics at diagnosis in this population were those derived
from alterations in the visual fields, headache and hormonal deficiencies. All of them improve with
surgery, except for hormonal deficiencies, which worsened dramatically, mainly at the expense of
ADH deficiency. The latter is important since the development of DI during the clinical follow-up

constitutes an independent predictor of mortality in this population.

Most series [3,7,15-19], although not all [2,4], have shown that the incidence of CP in the elderly is
low. For example, only 28 (2.8%) of 1002 CF patients were diagnosed in the 61-70 age range [15].
In another series of 125 patients, the oldest patient was a 60-year-old man [16]. However, in US
population a bimodal distribution by age was noted with peak incidence rates in children (aged 5-14
years) and among older adults (aged 65-74 years) [4]. In a Danish population, the age range of 65-

69 years presented the third incidence rate (2.62 per million per year) in frequency after the age
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ranges of 5-9 years (3.49 per million per year) and 40-44 years (2.86 per million per year) [2]. From
the data derived from our study, it seems that in our country CP is diagnosed in elderly patients in a
low percentage, around 14% of the adult population with CP, mainly in the range 70-75 years, and,

as previously reported in the general population [2,4,17], no gender differences are observed.

Most CP have a suprasellar component [8]. This has been reported in both children and adults in
approximately 95% [5]. In our series, this location was also very common, being present in around
96% of patients. Although a prevalence of 5-6% of purely intraselar CP has been reported in children
and adults [5,20], in our elderly population we did not find any case. Lastly, atypical location was also
present in our series although the percentage was very low (<4%).

A delay in the diagnosis of CP from the onset of symptoms has been reported in both children [12
months (0.5-60)] and adults [12 months (0.5-240)] [5]. However, in our elderly population this period
of time was relatively short [4 months (2-7.5)]. This could be related to a greater and earlier visual
impairment that would make it more easily detectable. Another interesting finding of our study was
that in approximately 25% of the patients the diagnosis of CP was incidental. This percentage
contrasts with that obtained in children, which is usually <2% [21]. These differences could be

explained by the greater number of imaging tests carried out in the elderly population.

As occurs in other population groups of different ages, the presenting clinical features in the elderly
with CP are visual disturbances and headaches. However, our data support that the distribution
percentage varies according to age. Headaches at diagnosis are usually more prevalent in children
(78%) than in adults (56%), while visual field defects prevail in adults (60%) compared to children
(46%) [5]. In our elderly CP patients the main presenting clinical features were visual field defects
(71.2%) followed by headaches (45.3%), indicating that as age advances, the presenting clinical

features change overtime, increasing visual field defects and decreasing headaches.

Compared with other studies, anterior pituitary hypofunction at presentation in the elderly seems less
compromised than that which appears in both children and adults [5,22]. Moreover, while in elderly
patients the main hormonal deficiency is that of gonadotropins (50%), in children and adults it is GH
deficiency, which appears in 100% and 86%, respectively [5]. We have to take into account that the
fact of not having performed GH stimulation tests might underestimate the prevalence of GH
deficiency in our study. Another difference with CP in children and adults is the lower prevalence of
DI at diagnosis in the elderly. In our study, only 4% of the patients presented ADH deficiency, while
this prevalence has been reported in 22% and 17% of children and adults with CP, respectively [5].
The explanation for this finding is not clear, although it would imply less initial involvement of the
hypothalamic-neurohypophyseal area in the elderly population. Hyperprolactinemia at diagnosis was

present in approximately one third of the patients and remained stable throughout the follow-up.

10
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The surgical approach in CP varies according to the extent of the tumor. It is generally accepted that
sellar CP are subsidiary to the transsphenoidal approach. However, some authors have used this
surgical approach in CP with suprasellar extension, although this is usually associated with increased
incidence of hormonal deficiencies and neurological complications [23,24]. Compared to the
transcranial approach, the transsphenoidal approach prevents craniotomy, brain retraction, and
reduces neurovascular manipulation, and with the aid of endoscope allows better visualization of
arterial perforators [8]. Besides, EET approaches have shown significantly greater rates of gross total
resection, improved visual outcome, and a trend towards fewer recurrences compared to transcranial
and microscopic transphenoidal approaches. On the other hand the rate of CSF leak is higher than
transcranial approaches [25]. EET surgery has also demonstrated to be safe and effective approach
for removing CP in children, and may be performed regardless of the size of the nasal cavity,
pneumatization of the sphenoid sinuses, and location or extension of the tumors [26]. In our CP
elderly population the most common used surgical approach was transcranial followed by
transsphenoidal, mainly EET surgery. In our series, sella turcica involvement by the tumor was the

only significant determining factor to perform a transsphenoidal approach.

The surgical strategy in CP depends on the location and extent of the tumor. When CP does not
affect the optic structures and/or the hypothalamus, gross total resection seems to be the treatment
of choice. In the opposite case, the surgical strategy is more controversial, since gross total resection
may be accompanied by a higher probability of surgical complications, mainly hypothalamic, while
STR can be associated with a greater probability of tumor recurrence. In the latter case, adjuvant
treatment with radiotherapy or a second surgery can be considered, although the therapeutic
consequences of combined treatment with surgery and radiotherapy is still a subject of debate [8].
The extent of surgical resection used in the treatment of CP varies according to the authors. While
some report that complete surgical removal can be achieved with reasonable safety in more than
70% of children and adults [27], others prefer STR, which was used in 83% of children and 81% of
adults [5]. In our elderly patients STR was used in more than half of the patients (54.7%). No
significant differences in the reduction of the main symptoms at diagnosis such as visual field defects
and headaches or in the adenohypophyseal hypofunction, between STR and NTR were found.
Although NTR was associated with a higher number of patients with TC, the development of

postsurgical DI was also higher compared to STR.

Two different histological forms of CP have been described. The more common form is ACP
composed of a complex mixture of adamantinoma-like epithelium, microcalcifications, necrotic debris,
fibrosis, and micro- or macrocysts. The second form is PCP composed of mature squamous
epithelium and are unaccompanied by fibrocalcific and degenerative changes [7]. ACP affect all age
groups with a peak incidence during childhood and early adolescence. However, PCP are mostly
restricted to adults [1]. Despite morphological and pathological differences, no significant differences
between both entities in relation to resectability, radiotherapy efficacy and overall survival have been

reported [7]. The percentage distribution of the 2 types of tumors in our elderly population was very

11
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similar, although slightly higher for ACP. In our series, ACP was the most common histological form
as previously reported by others [7]. Besides, no significant differences in several clinical variables
between both histological types. In relation to resectability, contrary to what has been described in
some studies in children and adults [7], the histological type in elderly CP patients did influence the
type of clinical tumor response to surgery. In this sense, TC was more frequently observed in PCP
while SD in ACP patients. This could be due to the different composition of the tumor that would offer
better resectability in PCP. Lastly, only ACP showed progression. These findings would indicate a
greater difficulty in controlling the disease in ACP compared with PCP in the elderly population with
CP.

As reported by others in both children and adults [5,28,29], our series showed a postoperative
improvement in visual field defects and headaches. However, the neuropsychiatric symptoms
(disorientation, behavioral alterations, and depression) did not change substantially, while pituitary
deficiencies and symptoms derived from hypothalamic involvement (hyperphagia, hypo-
hyperthermia, and adipsia/hypodispsia) increased. The hormonal deficiency that increased the most
after surgery was ADH. DI increased from 4% in the preoperative period to 70%, which was
maintained over time, as was the case with the rest of the anterior pituitary hormonal deficiencies.
DI at last visit was more frequently associated with NTR compared with STR. All these results should
always be taken into account when making decisions about the type of surgical resection in elderly

population, individualizing in each patient.

CP is associated with high risk mortality even after surgery, radiotherapy and hormone replacement
therapy [30-32]. The mortality rate associated with CP is approximately 3 to 5 times that of the
general population [8]. It is necessary to distinguish the population according to age. In this setting,
the overall survival rate in children with CP ranges from 83 to 96% and 65 to 100% at 5 and 10 years,
respectively. While in adults or mixed populations (adults and children) the overall survival rate varies
between 54 to 96%, 40 to 93% and 66 to 85% at 5, 10 and 20 years, respectively [8]. In our series
of elderly patients, after a follow-up period of 46.7 + 40.8 months (1-167), the mortality rate was very
high (~40%) with a median survival time of 88 (95% CI, 57-118) months and an overall survival rate

of 87% and 64% at 1 and 5 years, respectively.

SMR for CP patients seems to vary according to age at diagnosis. Higher SMR values in CP patients
with childhood-onset compared to those with adult-onset have been reported [17 (6.3-37) vs 3.5
(2.6—-4.6)] [33]. In our elderly population SMR was very high although slightly lower than that
observed in CP patients with childhood-onset disease [33]. Moreover, SMR was higher in women

than in men, as it has been described in younger populations [30,31].

Several risk factors for excess mortality have been reported in CP patients, among them are female
sex, childhood-onset disease, hydrocephalus, tumor recurrence, high body mass index and
panhypopituitarism [32]. We did not identify risk factors for excess of all-cause mortality, such as age

at diagnosis, sex, tumor size, sella turcica involvement, chiasmatic compression, pituitary hormone
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deficiency, surgical resection type, surgical approach, histological type, and radiotherapy. However,
when we considered only cause-specific mortality, which was responsible for 73% of the known
causes of death in our population, we found a lower median survival time [43 (95% CI, 0-109) months],
with a median survival at 1 and 5 years of 60% and 35%, respectively, indicating that CP and / or its

treatments contribute by itself to increased mortality rate in the elderly.

DI develops when there is an extensive damage to magnocellular cells of the hypothalamus
(supraoptic and paraventricular nuclei), especially if the pituitary stalk is sectioned or directly there is
involvement of the median eminence. DI has been considered as a risk factor for mortality in different
clinical situations. It has been associated with increased mortality in adults with hypopituitarism [34],
and in GH-deficient patients regardless of the nhumber of additional pituitary hormone deficits [35].
Acute Dl insipidus has been related to significantly increased mortality in severe head injury [36]. In
addition the association of adipsia with DI significantly increases mortality [37]. DI has also been
described as a negative prognostic factor for mortality in CP patients with childhood-onset disease
[33]. In our series DI was related to cause-specific mortality. This association could be related to
greater hypothalamic damage induced by surgery associated with the consequences of ADH
deficiency.

From an epidemiological point of view the sample here studied would correspond to approximately
a quarter of the total adult population with-CP in our country (1.5 x 47 x 23 = 1621 CP patients;
384/1621 x100= 23.7%). This percentage would correspond to a subsample of the total CP
population of Spain, which must be taken into account when interpreting the results.

The main limitations of our ‘'study are: 1) the vague formulation for inclusion of the participating
endocrinologists; 2) the information on evaluation of different symptoms such as depression,
disorientation or sleep disorders was not clearly objective (questionnaires); it was based on the
clinical criteria of their responsible physicians and clinical data obtained from the patient's medical
records, 3) the absence of GH stimulation tests for the diagnosis of GH deficiency, and 3) the fact
of having studied a subsample (~25%) of the estimated population of adult PC patients in our country.
On the other hand, the main strengths of the study are 1) first study to analyze in detail the surgically

intervened PC in the elderly and 2) mostly both histology and genetic evaluations were performed.

In conclusion, CP is diagnosed in patients older than 65 years in ~14% of adult CP patients with a
mean age at diagnosis of 72 years with no gender differences. CP diagnosed in the elderly negatively
affects survival. Tumor size, histologic type, surgical resection type, and radiotherapy treatment do
not appear to influence mortality. In these patients, DI should be considered as a risk factor for

mortality, therefore it would be advisable to avoid this surgical complication if possible.
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Legend for the figures

Figure 1. Percentage distribution of clinical symptoms at diagnosis, after surgery, and at the end of
follow-up in elderly patients with craniopharyngiomas.

Figure 2. Percentage distribution of pituitary hormonal deficiencies at diagnosis, after surgery and
at last visit in elderly patients with craniopharyngioma.

Figure 3. Percentage distribution of the clinical response at the end of clinical follow-up according to

the histological type in elderly patients with craniopharyngioma.

Abbreviations: ACP, Adamantinomatous craniopharyngioma; MCP, mixed craniopharyngioma; PCP, papillary
craniopharyngioma; PD, Progressive disease; PR, Partial response; SD, Stable disease; TC, tumor cure. Chi-square test,
p=0.009

Figure 4. Kaplan-Meier survival analysis in elderly patients @ undergoing surgery for

craniopharyngioma. All-cause mortality (left). Cause-specific_mortality (center). Cause-specific
mortality according to the presence of diabetes insipidus at last clinical visit (right).
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Table 1. Clinical characteristics of elderly patients with craniopharyngioma according to sex.

Women Men Total
Number of patients, n (%) 27 (50.9) 26 (49.1) 53 (100)
Age at diagnosis (yr) 72.4+5.2 72.1+5.2 72.3+5.1

Diabetes mellitus, n (%)

15/27 (55.5)

7126 (26.9)

22/53 (41.5)

Hypertension, n (%)

18/27 (66.7)

15/26 (57.7)

33/53 (62.3)

Hyperlipidemia, n (%)

18/27 (66.7)

14/26 (53.8)

32/53 (60.4)

Max. tumor diameter (cm)

32+1.2

2.6 +0.9*

29+11

Calcifications, n (%)

11/26 (42.3)

8/26 (30.8)

19/52 (36.5)

Sella turcica involvement, n (%)

17/27 (63.0)

9126 (34.6)

26/53 (49.0)

Chiasmatic compression, n (%)

20/27 (74.1)

23/26.(88.5)

43/53 (81.1)

Tumor composition, n (%)

Solid

127 (3.7)

226/ (7.7)

3/53 (5.7)

Cystic

12127 (44.4)

7126 (26.9)

19/53 (35.8)

Mixed (solid-cystic)

14/27 (51.8)

17/26 (65.4)

31/53 (58.5)

Pituitary hypofunction, n (%)

Gonadotropin

13/26 (50.0)

13/26 (50.0)

26/52 (50)

GH 7/23 (30.4) 7/25 (28.0) 14/48 (29.2)
TSH 9/26 (34.6) 11/25 (44.0) 20/51 (39.2)
ACTH 5/25 (20.0) 7126 (26.9) 12/51 (23.5)
Diabetes insipidus 1/25 (4.0) 1/26 (3.8) 2/51 (3.9)

Hemianopsia, n (%)

17/26 (65.4)

20/26 (76.9)

37/52 (71.1)

Headache, n (%)

11/27 (40.7)

13/26 (50.0)

24/53 (45.3)

Resection type, n (%)

Partial or subtotal resection

15/27 (55.5)

14/26 (53.8)

29/53 (54.7)

Near- total resection

12127 (44.4)

12/26 (46.1)

24/53 (45.3)

Surgical approach, n (%)

Transsphenoidal

13/27 (48.1)

12/26 (46.1)

25/53 (47.2)

Transcranial

14/27 (51.8)

14/26 (53.8)

28/53 (52.8)

Histological type, n (%)

PCP 11/26 (42.3) 12/25 (48) 23/51 (45.1)

ACP 15/26 (57.7) 11/25 (44) 26/51 (51.0)

MCP 0/26 (0) 2125 (8) 2/51 (3.9)
Radiotherapy (n, %) 4/27 (14.8) 6/26 (23.1) 10/53 (18.9)

Abbreviations: ACP, Adamantinomatous craniopharyngioma; MCP, Mixed craniopharyngioma; PCP, papillary
craniopharyngioma.

Data are presented as the number of patients with the feature / total number of patients with available information, and the
percentage in parenthesis.

Women vs men, *p<0.05
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Table 2. Clinical characteristics according to the type of surgery in elderly patients with craniopharyngioma.

Subtotal resection Near-total resection
(STR) (NTR)

Number of patients, n (%) 29/53 (54.7) 24/53 (45.3)
Age at diagnosis (yr) 72.6 5.5 72.0+4.7
Sex (M), n (%) 14/29 (48.3) 12/24 (50.0)
Max. tumor diameter (cm) 28x1.1 29+10
Calcifications, n (%) 11/29 (37.9) 8/23 (34.8)
Sella turcica involvement, n (%) 14/29 (48.3) 12/24 (50.0)
Chiasmatic compression, n (%) 23/29 (79.3) 20/24 (83.3)
Tumor composition, n (%)

Solid 2/29 (7.0) 1/24 (4.2)

Cystic 13/29 (44.8) 6/24 (25.0)

Mixed (solid-cystic) 14/29 (48.2) 17/24 (70.8)
Pituitary hypofunction after surgery, n (%)

Gonadotropin 21/29 (72.4) 19/23 (82.6)

GH 14/29 (48.3) 14/23 (60.9)

TSH 20/29 (69.0) 20/23 (87.0)

ACTH 18/29 (62.1) 18/23 (78.3)

Diabetes insipidus 15/28 (53.6) 21/24 (87.5)*
Hemianopsia, n (%) 11/28 (39.3) 7123 (30.4)
Headache, n (%) 11/29 (37.9) 4/23 (17.4)

Data are presented as the number of patients with the feature / total number of patients with available information, and the
percentage in parenthesis.

*p=0.008
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