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ABSTRACT

Introduction Craniopharyngioma is the most challenging
to treat brain tumour with high recurrence rates, which can
be effectively reduced by adjuvant radiotherapy. In recent
years, proton therapy (PT), with its physical properties

of heavy ion beam, that is, Prague peak phenomenon,

has been more frequently used in patients with
craniopharyngioma. Compared with conventional X-ray
beam radiotherapy, PT can reduce the damage to normal
tissues and enlarge the damage to tumours. Some studies
have shown that PT has advantages in the treatment

of craniopharyngioma in adults. However, the optimal
management of craniopharyngioma remains controversial.
The purpose of this study was to evaluate the efficacy and
safety of PT for craniopharyngioma in adults.

Methods and analysis We will search six databases
(MEDLINE, EMBASE, Web of Science, the Cochrane Library,
Amed, Scopus), clinical research registration websites and
grey literature, aiming to identify randomised controlled
trials (RCTs) on PT for craniopharyngioma in adults
between 1 January 1954 and 28 September 2021. In

the RCTs, PT will be used as the intervention group, and
conventional X-ray beam radiotherapy will be used as the
comparator group. Tumour recurrence and survival will

be the primary outcome, and treatment-related toxicity
will be the secondary outcome. The study selection, data
extraction, bias risk and quality evaluation will be operated
by two to four researchers independently. We will use
Review Manager V.5.2 (RevMan V.5.2) for data analysis.

If there is significant heterogeneity, we will identify the
source of heterogeneity by subgroup analysis.

Ethics and dissemination Our study is based on existing
RCTs and does not require ethical approval. The results of
the study will be published in a peer-reviewed journal or at
a related conference.

PROSPERO registration number CRD42020200909.

INTRODUCTION

Craniopharyngioma is a benign tumour
located in the sellar and parasellar regions
of the brain. Its limited invasiveness and its
proximity to the hypothalamus, pituitary,
optic nerve and carotid artery make it the
most challenging tumour in neurosurgery.
The incidence of craniopharyngioma is 1.3
parts per million, which can occur in all age
groups, showing a bimodal age distribution
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Strengths and limitations of this study
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» First meta-analysis of which we are aware of the
safety and efficacy of proton therapy for craniophar-
yngioma in adults.

» The results of this meta-analysis will provide an im-
portant reference for the treatment of craniopharyn-
gioma in adults.

» Only randomised controlled trials will be included in
this study.

» We will perform subgroup analysis according to dif-
ferent craniopharyngioma subtypes, locations and
tumour sizes.

» Craniopharyngioma is a rare disease, which may
face the problem of insufficient sample size.

(5-14 and 50-74 years old).! However, the
attention of craniopharyngioma in adults is
far less than that in children. Surgical treat-
ment of craniopharyngioma is difficult,
and the rate of disability and mortality after
gross total resection (GTR) is very high, but
the recurrence rate of subtotal resection
(STR) was 50%-91%.>" In recent years,
more and more evidence shows that postop-
erative adjuvant radiotherapy (RT) for STR
can achieve the same tumour control rate
as GTR.”® A recent the Surveillance, Epide-
miology, and End Results (SEER) analysis
including 1218 patients with craniophar-
yngioma also demonstrated no significant
difference in survival between RT, GTR and
STR+RT.” Conventional X-ray beam RT is
difficult to achieve enough doses, and is
prone to serious radiation-related toxicity,
such as endocrine disorders, cognitive
disorders, optic nerve injury and develop-
ment of the second type of cancer.'"™"
With the development of RT technology,
proton therapy (PT) has been increas-
ingly used in the treatment of craniophar-
yngioma."”” The physical properties of
proton beam and Bragg peak phenom-
enon can reduce the damage to normal
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tissues and enlarge the damage to tumours, which has
achieved good results."®' But the optimal manage-
ment of craniopharyngioma remains controversial.
In view of the lack of comprehensive evaluation on
the efficacy and safety of PT for craniopharyngioma
in adults, this study will comprehensively evaluate
the tumour recurrence rate, median overall survival,
progression-free survival (PFS) and treatment-related
toxicity of PT for craniopharyngioma in adults through
systematic review and meta-analysis, so as to provide
clinical basis for PT.

Objective

Our study will combine evidence/data from existing
randomised controlled trials (RCTS) to determine whether
PT is safe and effective in the treatment of adults with
craniopharyngioma.

METHODS AND ANALYSIS

This study will be written strictly according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols guidelines.?

Inclusion and exclusion criteria

Types of study

Studies to be included should meet the following
criteria: (1) parallel-group RCTs; (2) objective to eval-
uate the efficacy and safety of PT for craniopharyn-
gioma in adults; (3) studies with mixed population (ie,
including both adults and children) will be included
in our study if the subgroup analysis of adults and chil-
dren is carried out, otherwise it will be excluded; (4)
studies of patients who have received postoperative
chemotherapy and previous RT will also be excluded,
as this may affect our conclusions; (5) in addition, we
will exclude studies that do not describe our outcome
indicators such as the tumour recurrence rate, median
overall survival, PFS and treatment-related toxicity; (6)
there will be no restriction on language or publication
status; (7) repeated studies will retain the latest one.

Types of participants

The target population of this study is adults aged 18 or
above at the time of diagnosis, who were pathologically
confirmed to be free from serious postoperative compli-
cations, such as severe pulmonary infection, stroke and
other complications that could affect survival time.
The same cohort of patients were reported in more
than one study, and we will keep the latest one. There
will be no restriction of race, nationality and source of
participants.

Intervention
Our intervention is PT as a treatment for craniopharyn-
gioma in adults.

Comparator
Our comparator is conventional X-ray beam RT as a treat-
ment for craniopharyngioma in adults.

Outcome
Primary outcome
Our primary outcome, tumour recurrence and survival,
will be used to assess the safety and efficacy of PT for
craniopharyngioma in adults.
Evaluation indicators include:
1. Tumour recurrence rate.
2. Median overall survival.
3. PFS.

Secondary outcome

Our secondary outcome is an assessment of treatment-
related toxicity (endocrine disorders, cognitive impair-
ment, optic nerve injury and development of the second
cancer).

Study design
Parallel-group RCTs of PT for craniopharyngioma in
adults will be included.

Information sources

We will search six databases (MEDLINE, EMBASE, Web
of Science, the Cochrane Library, Amed, Scopus), clinical
research registration websites (WHO ICTRP and ISRCTN
Register) and grey literature (the Health Management
Information Database, OpenSIGLE Database and the
National Technical Information Service), aiming to iden-
tify RCTs on PT for craniopharyngioma in adults between
1 January 1954 and 28 September 2021.

Search strategy

Two researchers (KZ and JY) formulated the search
strategy, and the search strategy was based on the keywords
of this study (PT and craniopharyngioma). Table 1
shows the search strategy for MEDLINE, and other data-
base search strategies were adjusted slightly. Our search

Table 1 Search strategy for MEDLINE

No Search items
1. Craniopharyngioma/
2. (Craniopharyngioma* or craniopharyngeoma*

or pharyngioma* or pharyngeoma* or
“craniopharyngioma*” or “craniopharyngeoma*").
ti,ab,cl,0a,kw.

3. ((Rathke* or “craniopharyngeal duct*” or
“dysodontogenic epithelial” or “hypophyseal
duct*” or “third ventricle”) adj3 (tumo?r* or
adenoma* or microadenoma* or neoplasm®* or
lesion*)).ti,ab,cl,0a,kw.

4. Or/1-3

58 (Proton* or proton beam* or new radiation* or PT
or PBT).ti,ab,cl,0a,kw.

6. 4and5

7. Limit 6 to adult

8. Remove duplicates from 7

2
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strategy will not be restricted by ethnicity of the target
population or language of publication.

Study records

Data management and selection process

We will import all the retrieved studies into EndNote soft-
ware (V.X9). The selection process will be divided into
two stages. In the first stage, two researchers (JW and
HW) will independently read titles and abstracts in the
software and classify all studies into three categories of
Yes’, ‘No’ and ‘Uncertainty’ based on our inclusion and
exclusion criteria, excluding ‘No’. In the second stage,
two researchers (SL and KZ) will independently read the
full text of ‘Yes’ and ‘Uncertainty’ and exclude inappro-
priate studies. The reasons for exclusion will be recorded
in detail. If there is any controversy during this period, the
decision will be discussed and made by four researchers
(JW, HW, SL, KZ) together.

Data collection process

Two researchers (KZ and JY) will independently collect
the data included in the study. Data collection will be
divided into four parts. In the first part, the characteris-
tics of the study include study author, publication date,
journal name and country. In the second part, the char-
acteristics of participants include gender, age and type
of operation. The third part includes intervention and
control information, the more detailed the better. The
fourth part includes outcome and follow-up information.
The third researcher (HW) will be responsible for exam-
ining the information collected and, if necessary, contact
the author of the study newsletter for further information.

Risk of bias

Two researchers (PL and TZ) will use the Cochrane tool
for assessing risk of bias in randomised trials-2 to evaluate
the quality of included RCTs, which is divided into five
domains of bias (bias from the randomisation process,
bias due to deviations from intensified interevents, bias
due to missing outcome data, bias in measurement of the
outcome, bias in selection of the reported result).” In
each domain, a series of questions (signalling questions)
need to be answered to obtain information on character-
istics relevant to the study and a risk of bias calculated for
each domain to ultimately obtain the full text of the risk
of bias judgement (low risk of bias, some concerns, high
risk of bias). If there is any dispute, the third researcher
(AA) will participate in the discussion and settlement.

Measures of treatment effect

We will use RevMan V.5.2 for data synthesis and analysis.
Dichotomous data will be analysed using a risk ratio with
95% ClIs. For continuous outcome data, the mean differ-
ence with 95% ClIs will be used for analysis.

Assessment of heterogeneity

We will use the Mantel-Haenszel %* test and I? statistic of
homogeneity by RevMan V.5.2. According to the Cochrane
Handbook, 2 value can be used to evaluate heterogeneity.

0%-40%: might not be important; 30%—-60%: may
represent moderate heterogeneity; 50%-90%: may
represent substantial heterogeneity; 75%-100%: consid-
erable heterogeneity.* When p<0.10and I*>50%, there is
obvious heterogeneity. I>>50% and p<0.10 showed signif-
icant statistical heterogeneity.

Data synthesis

We will combine three or more studies for meta-analysis
using random effects model. Heterogeneity will be
judged by I”. If meta-analysis is not feasible due to clin-
ical and methodological heterogeneity, the results will be
summarised qualitatively.

Assessment of reporting biases

When the number of included studies reaches 10 or more,
we will create a funnel plot of the outcome and evaluate
whether there is a reporting bias based on its symmetry.

Subgroup analysis

We will conduct the following subgroup analyses to assess

potential heterogeneity:

1. The classification of craniopharyngioma (eg, adaman-
tinomatous craniopharyngioma and papillary cranio-
pharyngioma).* 2

2. The location of craniopharyngioma (eg, according to
the QST classification based on the origin of the tumor
and the concept of membrane).*’

3. The tumour size of craniopharyngioma (eg, greater
than 4 cm and less than 4 cm).?

Sensitivity analysis

We will conduct a sensitivity analysis to assess the reli-
ability of the meta-analysis by excluding studies with high
risk of bias or missing reported data.

Patient and public involvement
No patient is involved in either the design or planning
phase of this study.

Ethics and dissemination
Our study does not involve individual patients, so there is
no need for ethical approval. The results of this study will
be published in peer-reviewed journals or related confer-
ences to evaluate the efficacy and safety of PT for cranio-
pharyngioma in adults.

DISCUSSION

PT is an advanced RT method with less toxicity and better
therapeutic effect than traditional X-ray RT.* At present, PT
has become an international focus and emphasis on tumour
RT technology. The medical application of proton beam was
first proposed by Wilson in 1946.% In 1954, Tobias and others
carried out the first PT in the world at Lawrence Berkeley
National Laboratory at the University of California, and since
then, Sweden, the former Soviet Union, and other countries
have successively carried out clinical studies on PT. According
to Particle Therapy Co-Operative Group, nearly 100 medical
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institutions around the world are currently using proton and
heavy ion RT technology to implement tumour treatment,
and there are more than 100 proton RT centres under
construction, and nearly 200000 patients have received
proton RT worldwide.”

The main techniques of PT for tumour treatment are
active scanning and passive scattering. The Bragg peak of
proton is obtained by modulator and collimator. At present,
the common treatment methods of proton used in clinical
tumour RT in the world are as follows: (1) proton point scan
irradiation, to achieve precise control of tumour, but the
operation process is more complex; (2) proton stereotactic
RT, the main treatments of which are target area high-dose
irradiation and fractional irradiation, with a limited clinical
application; (3) intensity-modulated proton therapy (IMPT),
realises dose intensity modulation and optimises dose distri-
bution, especially the application of pencil beam scanning
in IMPT, which avoids or reduces the radiation dose to
surrounding normal tissues. In the treatment of head and
neck tumours, PT can increase the radiation dose of the
target area and reduce the toxicity of organs.”*™*

The new version of the 2018 National Comprehensive
Cancer Network guidelines takes PT as one of the standard
treatments for head and neck cancer. A European centre
study of 18 patients with craniopharyngioma who received
PT found that one patient progressed 8.7 months after PT
and then underwent surgery. Of the remaining patients at
18.4 months, five had complete remission, four had partial
remission, seven had stable disease and there was no serious
treatmentrelated toxicity during the treatment."” Weber e
alincluded 16 patients with craniopharyngioma, and finally
analysed 15 patients, showing a 3-year overall survival rate of
75%. While PT has similar efficacy to conventional X-ray RT,
it is more protective to the temporal lobe and hippocampal
formation.™

At present, there is a lack of comprehensive review on the
efficacy and safety of PT for adults with craniopharyngioma;
therefore, our study will comprehensively evaluate the recur-
rence rate, survival and treatmentrelated toxicity of PT for
adults with craniopharyngioma through a systematic review
and meta-analysis to provide a clinical basis for PT.
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