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Abstract
Purpose Craniopharyngioma is associated with an increased risk of mortality even after surgical, radiotherapeutic and
hormone supplementations. Previous studies using different designs showed a possible trend of decreasing mortality in
recent years. This review summarises studies reporting standardised mortality ratio (SMR) after craniopharyngioma treat-
ment, as well as the bias and confounding in these studies to plan further researches.
Methods PubMed and Embase was searched for manuscripts published before October 2018 using medical subject heading
terms (“craniopharyngioma” or “hypopituitarism” and “mortality”).
Results Eight studies reported SMR after craniopharyngioma treatment, with a total of 2802 patients. The subgroup meta-
analysis using random effects model was conducted to pool the SMR, which was 6.2 (95% CI 4.1–9.4) before 2010 and 2.9
(95% CI 2.2–3.8) after 2010 (subgroup test p < 0.01), respectively. Misclassification (one study) and selection bias (six
studies) either inflated or deflated the result. The trend of increasing survival rate over the time was observed in studies
without reporting SMR. Female patients, childhood-onset disease, hydrocephalus, tumour recurrence, body mass index and
panhypopituitarism were identified as the important risk factors for excess mortality.
Conclusions Though bias and confounding existed across studies, the decreasing SMR and increasing survival rate over the
time was in favour of a real signal. It is necessary to launch studies to further investigate the morality and risk factors after
multidisciplinary treatment of craniopharyngioma in a hospital-based manner, using the modern statistical method to adjust
for bias and confounding.
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Introduction

Craniopharyngioma is an intracranial neoplasm located in
the hypothalamic-pituitary region. The tumour processes
close relationship to vital structures such as the pituitary
gland, pituitary stalk, hypothalamus, and optic chiasm.
Patients usually develop hypopituitarism, diabetes insipi-
dus, and visual loss due to tumour compression [1, 2].
Craniopharyngiomas are generally treated with neurosur-
gery (transcranial or transsphenoidal approach). If uncom-
pleted resected, radiotherapy was recommended to prevent

further progress of the residue tumours [3]. The pre-existing
endocrine symptoms will not recover in the majority of the
patients. Newly developed hypopituitarism, diabetes insi-
pidus and hypothalamic obesity will occur due to surgical
injury or radiotherapeutic effect [4, 5]. In previous studies,
most of the patients maintain hypopituitarism and almost
half of the patients maintain panhypopituitarism after
treatment [6, 7]. If not treated appropriately or even treated
adequately, hypopituitarism may serve as a risk of increased
mortality in the long run [8]. Tumour recurrence, delayed
complications after cranial irradiation, second or multiple
surgeries, and drug-related adverse events may also attribute
to the high mortality risk.

Currently, the state-of-the-art surgical management of
craniopharyngioma is now turning to multimodal treatment
strategies (combining surgery and radiotherapy) with
extensive postoperative follow-up and rehabilitation aimed
to limit mortality and morbidity [1, 2, 9]. In recent years, the
application of endoscopy in treating craniopharyngioma has
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gained considerable popularity [4, 10]. The endoscopic
technique provides a panoramic surgical view with
increased illumination of the anatomic structures and allows
for a close-up visual examination of the pituitary stalk and
hypothalamus. Tumours extended to supersellar region or
third ventricle can now be handled using endoscopic tech-
nique [11, 12]. Modern radiotherapy includes proton beam
therapy and gamma knife therapy, which may offer a more
protective option to adjacent tissues [13, 14]. Multi-
disciplinary teams including neurosurgery, radiosurgery,
endocrinology, neurology, and paediatrics are emerging
across the world for long-term pharmacological, neuro-
surgical, and radiotherapeutic management [2, 15].

A recent meta-analysis showed that standardised mor-
tality ratio (SMR) in acromegaly normalised with bio-
chemical control of the disease with the more frequent use
of somatostatin analogues as adjuvant therapy, and com-
paring with studies published before 2008, SMR decreased
in the last decade [16]. Though craniopharyngioma is a
different entity to growth hormone-secreting pituitary ade-
noma, it is still possible that mortality in patients with
craniopharyngioma operated on recently might be smaller
than that in patients operated on decades ago. Though data
from published studies using different designs to investigate
SMR after craniopharyngioma can be used to support the
aforementioned hypothesis, it is still necessary to launch an
observational study to estimate the SMR after endoscopic
surgery and multidisciplinary treatment. This review sum-
marises SMR of patients after craniopharyngioma treat-
ment, potential risk factors, as well as the bias and
confounding in these studies.

A comprehensive search of medical subject heading
terms (“craniopharyngioma” or “hypopituitarism” and
“mortality”) using PubMed and EMBASE was conducted to
identify relevant studies. Reference lists from studies and
systematic reviews identified were manually searched to
identify additional eligible studies. The outcome of interest
was SMR, which was calculated as the ratio of the observed
to the expected number of events (death) encountered dur-
ing the study period. The expected number of events was
obtained from the general population according to different
studies.

Mortality in patients with
craniopharyngioma

Eight studies reporting SMR after craniopharyngioma
treatment were identified, with a total of 2802 patients.
Publication information, baseline patient characteristics and
outcomes are summarised in Table 1.

Bulow et al. [17] first published a study in 1998 and
brought out the concept of excess mortality in patients after Ta
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the treatment of craniopharyngioma. They chose the control
population from where the patients were recruited to avoid
regional differences, and the reported SMR was 5.6 (95%
CI 3.7–8.2). Selection bias existed due to the excluded nine
patients with missing records or incomplete identification.
Though detailed surgical treatment and radiotherapy was
mentioned in the study, there was little information on
postoperative medical treatment and only three adults had a
limited period for growth hormone substitution. They also
found a relatively high immediate postoperative mortality
(13%) caused by surgical complications Table 2.

In the first decade of the millennium, three studies
reporting SMR came out. Tomlinson et al.’s study [18] was
based on a hypopituitarism database, which included a
subgroup of patients with craniopharyngioma (12%). The
common problem of using a database lies in the survivor
bias: only patients who are alive could have entered the
database. When calculating the SMR, it requires the
assumption that events (deaths) after craniopharyngioma
treatment should be equally distributed over the time. We
can infer from some publications [17, 19] that a lot of events
happen within the first year after surgery or radiosurgery.
As a result, this selection bias may deflate the actual SMR.
On the contrary, another selection bias of this study led the
result in the opposite direction: the database only included
patients with hypopituitarism, which itself is a risk factor for
high mortality. Another study published in the similar
period was conducted by Pereira et al. [19] in a hospital-
based manner. Fifty-four patients underwent surgery with-
out lost to follow-up. Though the median follow-up period
was ten years, the relatively high total follow-up person-
years (828 person-years) contributed to the low reported
SMR: 2.9. The long study period (37 years) also suggested
that the reported SMR might reflect the mixed treatment
effect of strategy or technique evolution. The third study in
this period was also conducted in a hospital-based manner
[20]. Lost to follow-up were covered by contacting family
practitioner according to the paper. This paper described
demographic distributions within the cohort thoroughly.
Though they offered growth hormone replacement to all
eligible patients in this study, no survival benefit was
observed.

Four studies were published after 2010. van Bunderen
et al. [21] used samples with growth hormone deficiency
from Dutch registry. Hormone replacement therapy
including growth hormone was adequate in the majority of
the patients. Possible bias including survivor bias and lost to
follow-up. In the craniopharyngioma subgroup, the reported
SMR was 3.1 (95% CI 1.8–5.4). Olsson et al. [22] reported
a similar SMR in another registry-based study. Possible
false classification may occur in any registry-based
research, and the false classification rate was around 1 to
3% in this study. Another limitation of the registry-basedTa
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research was that it lacks individual information to infer risk
factors. The two most recent studies both reported an SMR
less than 3. The study by Yuen et al. [23] extracted data on
1669 patients from KIMS (Pfizer International Metabolic

Database). This study was not only a multicentre mortality
study but also had the largest sample size up to date.
Growth hormone replacement was sufficient in this cohort
and reported SMR was 2.2 (95% CI 1.8–2.8). Survivor bias,

Fig. 1 Subgroup meta-analysis on standardized mortality ratio (SMR)
by publication period. Fixed effects model assumes no heterogeneity
among studies, while random effects model assumes heterogeneity

among studies (more conservative in this case). The subgroup analysis
was based on the pooled result in two subgroups (before 2010 versus
after 2010) using random effects model

Fig. 2 Ten-year survival rate increases with time (P < 0.001). The
relationship of 10-year survival rate (log scale) against the publication
year was plotted by using “metareg” function in R: x-axis is the
publication year and y-axis is log transformed proportion, which

equals to log(p/1-p). The actual proportion is labeled beside each
study. The size of bubbles is inversely proportional to the variance of
the estimated rate
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observational bias due to frequent visiting doctors and
possible lost to follow-up may contribute to the relatively
low SMR. The most recent study was conducted by Wijian
et al. [24] This study enrolled 224 patients in two countries.
Though demographic information was investigated to
identify possible risk factors, the analysis was performed
without confounding adjustment. Survivor bias also existed
in 53 patients (24%) who were treated before and then
entered the study.

To give a clear picture of SMR in these studies, a sub-
group meta-analysis using “metagen” function in R (version
3.4.2) was performed to pool SMR by different publication
period (before 2010 and after 2010). Using random effects
model, the pooled SMR was 6.2 (95% CI 4.1–9.4) before
2010 and 2.9 (95% CI 2.2–3.8) after 2010 (subgroup test p
< 0.01). The heterogeneity among studies can only be
explained by publication year (mete-regression p= 0.013).
No other sources of the heterogeneity, including sample
size, age, female proportion and childhood-onset proportion
were observed. As discussed in the introduction, the
decreasing SMR may be due to the update of treatment
technique or strategy. Publication bias that studies reporting
different results from previous researches are more likely to
be published cannot be ruled out either.

Risk factors of mortality

Five studies reported increased mortality in female patients
compared to male patients with craniopharyngioma [17, 19,
20, 22, 24]. Three studies reported increased mortality in
childhood-onset patients compared to adulthood-onset
patients [22–24]. The crude mortality rate after surgical or
radiotherapeutic treatment of craniopharyngioma seems to
be comparable between women and men [20, 22, 24]. The
crude mortality rate in child-onset craniopharyngioma was
even lower than that in adult-onset craniopharyngioma in
some studies [22–24]. The SMR can be approximately
calculated by the ratio of crude mortality rate in the cohorts
and the crude mortality rate in the general population. AS a
result, the SMR will be dependent on the crude mortality in
the general population (which is smaller in female than in
male and much smaller in child than in adult).

Except for gender and childhood-onset disease, hydro-
cephalus [24], tumour recurrence [17, 24], body mass index
[20, 23] and panhypopituitarism [24] were identified as the
important risk factors for excess mortality in patients with
craniopharyngioma. But these risk factors were calculated
using univariate model without confounding adjusting.
Most of historical studies included patients without ade-
quate treatment. It can be argued that adequate treatment
maybe one of the key factors to bring down the SMR.

Five studies reported the cause of death after treatment of
craniopharyngioma [17, 19, 20, 22, 24]. Cerebrovascular
cause, including myocadiac infarction, cerebral infarction,
cerebral haemorrhage and pulmonary embolism, was the
primary cause of death in these patients: the proportion
ranged from 24 to 56%. There is a trend that infection-
related death (including pneumonia, sepsis and meningitis)
drops in recent studies (30 to 33% in studies before 2010
and 14 to 18% in studies after 2010). The proportion of
malignant-related mortality (4–20%) seems to keep constant
over the time Fig. 1.

Other studies only reporting survival data

We also searched studies reporting survival rate instead of
SMR. Majority of the studies on craniopharyngioma only
report survival data without SMR due to lost to follow-up
and lack of the data on control general population [7, 25–
48]. The reported 5-, 10- or 20-year overall survival was
calculated based on the Kaplan–Meier curve. Figure 2 was
made by plotting the 10-year survival rate (log transformed
rate) against the publication year. The size of bubbles is
inversely proportional to the variance of the estimated rate.
Though only five studies published after 2010, it can still be
inferred from the figure that the survival rate was increasing
over time.

Conclusion

Though bias and confounding exist across studies, the
decreasing SMR and increasing survival rate over the time
are in favour of a real signal. New implementation of sur-
gical instruments for a clear view; delicate surgical proce-
dures and advanced radiotherapeutic techniques to protect
adjacent tissues like hypothalamus and pituitary stalk; ear-
lier tumour detection due to more prevalence of the MRI;
and standardised postoperative pituitary hormone replace-
ment is the state-of-the-art treatment strategy for cranio-
pharyngioma. It is necessary to further investigate the SMR
after multidisciplinary treatment of craniopharyngioma.
Due to the survivor bias in registry study (and cannot be
adjusted), hospital-based studies are preferred. Lost to
follow-up was inevitable in such a design, but the modern
statistical method (using inversed probability weighting by
creating a pseudo-population given the information of the
cohort’s baseline characteristics [49]) can be used to adjust
for this selection bias. When investigating possible risk
factors, multivariate logistic regression model condition on
cofounders (or propensity score matching, inversed prob-
ability weighting) should be used.
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