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Abstract

Treatment-refractory meningiomas have a dismal prognosis and limited treatment options. Meningiomas express high-
densities of somatostatin receptors (SSTR), thus potentially susceptible to antitumorigenic effects of somatostatin analogues
(SSA). Evidence for SSA in meningiomas is scarce, and it is unclear if published literature would either (1) support wider
use of SSA, if (2) more evidence is desirable, or if (3) available evidence is sufficient to discard SSA. We addressed the need
for more evidence with a systematic review and meta-analysis. We performed an individual patient data (IPD) meta-analysis.
Main outcomes were toxicity, best radiological response, progression-free survival, and overall survival. We applied multi-
variable logistic regression models to estimate the effect of SSA on the probability of obtaining radiological disease control.
The predictive performance was evaluated using area under the curve and Brier scores. We included 16 studies and compiled
IPD from 8/9 of all previous cohorts. Quality of evidence was overall ranked “very low.” Stable disease was reported in 58%
of patients as best radiological response. Per 100 mg increase in total SSA dosage, the odds ratios for obtaining radiological
disease control was 1.42 (1.11 to 1.81, P=0.005) and 1.44 (1.00 to 2.08, P=0.05) for patients treated with SSA as mon-
odrug therapy vs SSA in combination with everolimus, respectively. Low quality of evidence impeded exact quantification
of treatment efficacy, and the association between response and treatment may represent reverse causality. Yet, the SSA
treatment was well tolerated, and beneficial effect cannot be disqualified. A prospective trial without bias from inconsistent
study designs is warranted to assess SSA therapy for well-defined meningioma subgroups.

Keywords Meta-analysis - Neuro-oncology - Meningioma - Treatment-refractory - Progressive

Introduction on the histological grade and residual tumor volume. How-
ever, a subset of meningiomas elicit a particular aggressive

Meningiomas are classified according to the WHO classi-  behavior irrespective of the WHO grade, which may often be

fication of tumors of the central nervous system (CNS) and
constitute the most prevalent primary intracranial neoplasm
in adults [31, 43]. The majority of lesions harbor benign
molecular and epigenetic properties leading to an indolent
clinical course [7, 47]. The primary treatments comprise
follow-up, surgery, and possibly radiotherapy depending
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linked to distinct alterations, such as TERT promoter muta-
tions or CDKN2A/B homozygous deletions [32, 33, 35, 50,
56]. Aggressive subtypes are associated with higher rates of
recurrence, progression, and ultimately treatment-refractory
disease leading to a dismal prognosis. Therapeutic options
are then limited to renewed surgery, radio- or cytotoxic
chemotherapy without established efficacy [12, 28]. Thus,
new treatment options are needed.

The somatostatin receptor (SSTR) represents a poten-
tial target, as various SSTR subtypes are expressed with
high-densities on almost all meningioma cells [3]. Soma-
tostatin analogues (SSA) are used for treatment of growth
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hormone-producing pituitary adenomas and neuroendocrine
tumors that also express SSTR [29, 48, 60]. The antitumo-
rigenic effects of SSTR-binding properties could, therefore,
be exploited therapeutically for meningiomas as well [34].
Hitherto published cohorts investigating SSA in meningioma
were limited to progressive meningiomas and small sample
sizes unfeasible for deriving generalized conclusions. It is
virtually impossible to conduct prospective trials for small
subgroups of meningiomas that were refractory to surgery
and radiation. We can thus not know if SSA is a potentially
useful treatment for any group of meningiomas. We sug-
gest that compiling data from previously published cohorts
ameliorate limitations inherent from small cohorts, thus ena-
bling a more valid assessment of the effect and toxicity of
SSA therapy in meningioma patients. A systematic and criti-
cal analysis of evidence will indicate if available evidence
would either (1) support continued compassionate use, or (2)
support removal of SSA from potential meningioma treat-
ments, or (3) justify search of more evidence.

This study aims to evaluate evidence for treatment of
meningioma with SSA systematically and at the individual
patient level by analyzing toxicities, response to treatment,
radiological response, progression-free survival (PFS), and
overall survival (OS). The analyses were enabled by compil-
ing data from all meningioma patients subjected to SSA who
are available in the published literature, i.e., a systematic
review with a meta-analysis of individual patient data.

Methods

The present study constitutes a part of larger international
collaboration investigating the effects of radiolabeled and
non-radiolabeled somatostatin analogues in treatment-
refractory meningioma, which has been PROSPERO-reg-
istered on the 30th January 2019 (CRD42019119140). We
adhered to the PRISMA-IPD guidelines (Preferred Report-
ing Items for Systematic Review and Meta-Analyses of indi-
vidual participant data) [59]. In this context, the one-stage
approach for the individual patient data meta-analysis was
used for synthesis, i.e., data was compiled and analyzed
simultaneously.

We included and compiled untraceable, anonymized
patient data that already has been published previously,
thus not requiring Institutional Review Board approval by
Danish law.

Literature search
The PubMed, Embase, and Cochrane Library databases
were systematically surveyed the Sth of May 2021 using

the following keywords and MeSH-terms: “meningioma”
in combination with “somatostatin analogue,” “octreotide,”
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“pasireotide,” “sandostatin,” or “lanreotide” (Meningioma
AND (octreotide OR somatostatin analogue OR pasireotide
OR lanreotide)).

Study selection, outcomes, and data extraction

Eligible studies comprised investigations of SSA applied to
treatment-refractory meningiomas. We excluded case reports
(n=17) [11, 24, 42, 46, 49, 51, 55] and abstracts (n=0)
from the quantitative synthesis, i.e., the meta-analysis, but
imposed no restrictions on study design or language for the
qualitative synthesis, i.e., the systematic review. Treatment-
refractory was defined across each study as failed tumor con-
trol despite multiple attempts with conventional treatment
modalities including surgery, radiotherapy, and medication
of any kind. Therapeutic options were considered depleted
by the treating physicians prior to initiation of SSA treat-
ment, which comprised surgery and radiotherapy for the vast
majority and cytotoxic therapy for additionally ~ 15% of the
cases. SSA were either administered as monodrug therapy
or in combination with everolimus.

Outcomes comprised toxicity, response to treatment,
radiological response,, and OS. All corresponding authors
of eligible papers were contacted to request individual
patient data, in cases where the data was not already avail-
able in the publication. The requested data comprised age,
sex, WHO tumor grade, the specific SSA analogue and the
exact applied dosage, the number of treatment cycles, best
obtained radiologic treatment response, toxicity, PFS, and
OS. Screening, data extraction, and management were per-
formed independently by two authors (LRJ and CM) and
subsequently compared.

Three research groups continued to follow the patients
subsequent to the publication and/or enrolled additional
patients, which we included herein and thereby augmented
the data compilation compared with three of the original
publications, including five non-skull base treatment-refrac-
tory meningiomas (with missing data on complete treatment
history) [53]; updated follow-up time [26], and updated best
radiological response [5].

Quality of evidence and risk of bias

We applied GRADE (Grading of Recommendations, Assess-
ment, Development and Evaluations) to rate quality of evi-
dence [20], while ROBINS-I (“Risk of Bias in Non-rand-
omized Studies —of Interventions”), developed by Cochrane,
was used to assess risk of bias [58].

Toxicity

Included studies applied different criteria systems, pre-
dominantly the Common Terminology Criteria for Adverse
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Events (CTCAE) version 1.0, 3.0, or 4.0 [38, 39]. CTCAE
v. 1.0, v. 3.0, and v. 4.0 criteria for hematotoxicity are iden-
tical 1:1, and therefore comparable, except limit values for
lymphocytopenia which were slightly different in v.1.0,
exclusively.

Data management and statistics

In total, SSA was administered as monodrug therapy in 99
patients (74.4%), while 34 patients received everolimus
concomitantly. To account for effects attributable to each
treatment modality, we separated data into two distinct data-
sets comprising patients treated with (1) SSA as monodrug
therapy vs (2) SSA combined with everolimus.

The included patients received SSA on a monthly basis.
Hence, the total SSA dosage would increase as function of
follow-up time (Supplementary Fig. 1), which consequently
implicate a strong correlation between survival failure and
cumulative SSA dosage in a time-to-event analysis—regard-
less of true effect. Therefore, it was unfeasible to quantify
the effect of SSA treatment on progression and death using
standard time-to-event analysis. As second choice, we con-
sidered best radiological response obtained as proxy for
disease control, which was defined as either stable disease,
partial or complete response on MRI (contrarily to radio-
logical progressive disease). The best radiological response
was evaluated using different algorithms, including RANO,
RESIST v1.1, and Macdonald.

Subsequently, we estimated the probability of disease
control in the separated cohorts encompassing (1) SSA mon-
odrug therapy vs (2) SSA with everolimus by applying mul-
tivariable logistic regression adjusted to Total-SSA (cumula-
tive SSA dosage applied in mg), age, sex, and WHO grade.
Total-SSA and age were included as continuous covariates.
The predictive performance was evaluated in both cohorts
using the area under the receiver operating characteristics
curve (AUC, a higher score indicates a better model) and the
Brier score (a lower score indicates a better model).

Finally, progression-free and overall survival probabili-
ties were reported. The absolute risk of progression was
estimated using a competing risk approach, as progression-
free death would preclude the event of progression. Here,
patients were censored either at the time of progression-free
death or alive and progression-free at the end of follow-up.
The absolute risk of progression was subsequently estimated
using the Aalen-Johansen method with Gray’s test applied
for testing of significant differences in absolute risks. Con-
trarily, all-cause death implied no competing risk scenarios
and patients were therefore censored if alive at the end of
follow-up. Hence, the probability of survival failure was esti-
mated using the Kaplan—-Meier method with the log-rank test
applied for testing of significantly different overall survival
probabilities.

We considered two-sided P values < 0.05 significant. The
statistical software R v. 4.2.0 was used.

Results
Search strategy and eligible studies

A detailed PRISMA-IPD search diagram can be found in
Fig. 1. The preliminary search identified 504 publications,
which were subjected to individual assessment for eligibil-
ity. Finally, we identified nine eligible studies [5, 6, 10, 16,
23, 26, 40, 53, 57]. The authors of one study declined data
contribution [40], and their study was therefore included for
the qualitative synthesis, exclusively. In contrast, individual
patient data was retrieved online from one study [6], and
received from the remaining seven authors who agreed to
contribute [5, 10, 16, 23, 26, 53, 57].

Study characteristics

The individual patient data meta-analysis encompassed data
from eight out of nine hitherto published cohorts (~89%)
and data from five patients not previously disclosed [53].
There were no disagreements in data extraction or man-
agement between the study authors (LRJ and CM). Study
designs comprised four retrospective studies [5, 10, 23, 53],
three phase II clinical trials [16, 26, 57], and one prospective
study [6] (Table 1).

The qualitative synthesis comprised the nine cohort stud-
ies and additionally seven case reports identified from the
search. Case report characteristics were summarized in Sup-
plementary Table 1.

Quality of evidence and risk of bias

We rated the quality of evidence “very low” for all included
studies. In addition to study heterogeneity, the predominant
contributors of downvoting the studies were non-randomi-
zation and lack of head-to-head comparisons [18, 19] (Sup-
plementary Table 2).

We associated all included studies with an increased risk
of bias, which we rated as “moderate.” Study design, het-
erogeneity, and small cohorts constituted the greatest risks
of bias (Supplementary Table 3).

Toxicity

One study applied CTCAE v.1 [26], two v.3 [6, 57], and
three v.4 [5, 16, 23]. One study did not distinguish between
grades 1 and 2 using CTCAE v. 4. Two studies with none
or few adverse events reported did not apply any assess-
ment schemes [10, 53]. Diarrhea (30%), fatigue (19%), and
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Fig.1 Search diagram

-§ Preliminary search
§ Pubmed (214), Embase (284), Cochrane (8)
E n =504 Excluded if
_§ - imaging study
= ' - radiopeptide
¢ - case reports
o -in vitro
£ Records screened, including title, abstract n =490
c
g and reference list if study was relevant
%]
@ ¢ < Added manually through reference
lists from studies and Google search
Full-text articles and ahead of n = 2 (63 subjects)
g publication abstracts assessed
) for eligibility
o n =16 (178 subjects)
Included for qualitive synthesis
n =16 (178 subjects) Excluded
- one paper declined
‘ —> - seven case reports
- two subjects omitted
? Included for quantitative because of Ll data
1_3 synthesis n = 8 (45 subjects)
2 n = 8 (133 subjects)

Contributed with original data
n =7 (117 subjects)

headache (11%) comprised the most frequent adverse event
during the SSA treatment. Most adverse events were grades
1 and 2, while nine (7%) and one (0.7%) patient experi-
enced a grade 3 and grade 4 adverse events. A complete
list of reported adverse events was shown in Supplementary
Table 4.

Patient characteristics

A total of 133 patients with treatment-refractory menin-
gioma were treated between 1996 and 2019, including 55
WHO-1, 41 WHO-2, and 37 WHO-3 meningioma patients.
The median follow-up was 19.0 months (range: 1 to 227),
which corresponded to a total follow-up of 263 person-years.
The SSA comprised octreotide (n=132) [5, 6, 10, 16, 23, 26,
53, 57] and lanreotide (n=1) [10]. Two studies combined
SSA with everolimus (n=34) [5, 16]. A detailed overview
is shown in Table 1.

In particular, the authors of Schulz et al. originally pub-
lished data on eight out of the 13 patients included herein
[53], meaning that the authors supplied outcome data on
the remaining five for our analyses. The data of these five
patients was previously not published, why we performed

@ Springer
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:

Original data available in paper
n =1 (16 subjects)

a sensitivity analysis with and without these data (Supple-
mentary Fig. 2: adding the five additional patients did not
affect the predictive performance negatively, thus reason-
ably justifying inclusion for further analysis).

Individual patient data and radiological evaluation

Five studies applied RANO [5, 16, 23, 26, 57], one
RECIST 1.1 [10], and one Macdonald [6] as radiologi-
cal response criteria. One study defined growth pro-
gression as any increase in size detectable on MRI [53]
(Table 1). Of the 133 treated patients, 79 patients contin-
ued to have progressive disease (59.4%), 48 patients died
(36.0%) (including seven progression-free deaths) while
39 patients (29.3%) were censored alive at the end of fol-
low-up. Figure 2A depicts the best radiological response
obtained on MRI scans. Here, 63 patients (47.4%) obtained
stable disease as best radiological response, while nine
patients (6.8%) and five (3.8%) patients obtained partial
response and complete response, exclusively. The remain-
ing 56 (42.1%) patients had progressive disease as best
radiological response (Fig. 2B).



Neurosurgical Review

$3SBO G UO J[qR[IBABUN AIOISIY SNOIAAI],

Yo+ 10 81 €-OHM L€
(00¥S = $°6) ‘Ld L8 T-OHM TV 0'L8-0'10 gcr=u
8797 (€'LTC—0'1) 81 Sw oy ‘K1o3ms /1] 1-OHM SS - 09S SO 10§ papnouf
Yo+ 10 81 €-OHM 9¢
(00t'S = $'6) ‘14 08 T-OHM b€ (0'L8-0'10 sci=u
09T (€L2—0'1) 061 SwoLg ‘K1e3ms [ | 1-OHM SS - 08S Sdd 10§ papnjouf
Kep
gL yoea Sw (f
udy} J0Yyod
5910k om1 Kep (00€ —001) 196 €-OHM ¥ 0'LL=0TD I oeseyd ‘g=u
ONVY Lyl (#0S -8 S+l WT Yord SW g Sw 00T apnoanoQ ‘K1081ns 6 T-OHM § LO0T  0'S9 [L6] e 19 ouutg
Qsearour 110402 9AT)
S[qeINSeIN, (00¥S — 09€) T-OHM ¢ (0s8—0'Lg)  -dadsomar‘cy=u
[0o0101d ON L99 (081-8D0SH Apuowr Sur gg  Sw OTTT apnoanoQ xK1031ms 8 I-OHM 11 LOOT 0SS [€6] e 10 Z[nydg
Kep
/3W G t1eYyeaIdY, oyo+10 L €-OHM S 110Y0d
3w ¢ 7 feq (IL1T-56) ‘L4 6 T-OHM € (059 - 0°5¢) Iroseyd ‘ry=u
ONVY 9Ly (€LTT-6'D60¢ Sweg:pAeq SwgL apnoanoQ ‘K1o3ms 11 [-OHM € LO0T 0TS [92] '[e 32 uosuyor
(pPanIwo Jsed AUo)
11040d 9AT}
Sw o LYo+ 1D L ¢-OHM 9 -oodsonar ‘gy=u
0) Sursearout (066 — 0€) “L¥ 0T T-OHM § (0°L8 - 0°€€) [ezl
ONVY sy (0SS—0'D) 001 ‘Apuowr Swr gg S Oge apoanoQ ‘A1081nS ¢ [-OHM 1€ 910z 0'%9 “[e 10 BAOYDRIH
PYo+19 ¢ €-OHM 8 110400
(0801 —09) snuwijo1Ad +9p1 ‘LA 61 T-OHM 01 (0°SL—070€) 11 oseyd ‘gg=u
ONVY Tie Wye-Lo€1T Apuowr Swr og  Swr gz -0210 *A1081ns 07 I-OHM T 910z S¥S [91] '[e 19 uoyIreIn
(PanTWo 2sed AUO)
1104od
(09€ —0€)  (9pnoaiuef :ased ) LaL €-OHM 1 (0'€9—0'87) oAndadsonar ‘g=u
I'T 1S103d 891 (L'09-8DS+HT Apuow Surgg  Swr g9 aproanoQ ‘K1o31ms ¢ T-OHM L LOOT  0'8% [01] 'Te 12 Toum,{
1I04od
€-OHM S oAnoadsoxd ‘91 =u
Kep (08S —09) 148 T-OHM € (0°L8-0'90) (91
PIEUOPIEIN e (00T-09)S'L gz Yoea Sw ¢ 3w (0T 2pnoanoQ ‘K1031ms | I-OHM 8 payoderioN 619 [e J0 UrepaquIEy)
110402 9AT)
Kep (000°T —GIT) SNUWI[OIA+29pN) LAyl €-OHM 8 (008 —09¢)  -oadsomar ‘1 =u
ONVY 78T (Ser—veD 1T MYz Yoro Sw g Sw gy -00100 ‘K108ms T-OHM 9 910C 0SS [S] e 19 vUOpIED
uorssar3oid 1oy s1edk-uosiod  (e3uer) syjuowr ur 9[oko Juowr  (93uer) 9Fesop AN uon (o3uer)
BLIOIIIO [ROISO[0IpRY ur dn-moq[oJ  dn-mof[oJ ueIpaN -jean 1od a8eso(q -R[NUND URIPIA juduneal], juaunean) IoLg soperS OHM -eoyIssSe[o OHM 95 ueIpoN

papnpout sjuaned pue saIpnys Ay} Jo SonsLIvORIRYD) | 3|qe]

pringer

a's



Neurosurgical Review

Radiological disease control: odds ratios
and predictive performance

In the cohort comprising 99 patients treated with SSA as
monodrug therapy, the odds ratio for obtaining disease con-
trol as best radiological response was 1.42 (95% CI: 1.11
to 1.81, P=0.005) for each 100 mg increase in Total-SSA
(Table 2). In comparison to WHO-1 lesions, the odds ratios
decreased to 0.31 (95% CI: 0.09 to 1.05, P=0.06) and 0.08
(95% CI: 0.02 to 0.33, P<0.001) for WHO-2 and WHO-3
lesions, respectively. The performance was AUC 0.84 (95%
CI 0.77 to 0.92) and Brier 0.15 (95% CI: 0.11 to 0.19) for
the logistic regression model in predicting disease control as
best radiological response (Fig. 3A). Furthermore, the agree-
ment between predicted probability and actual frequency
of obtaining disease control was well calibrated (Fig. 3B).
For the remaining 34 patients receiving SSA concomitant
to everolimus, the odds ratio for obtaining disease control
remained 1.44 (95% CI: 1.00 to 2.08, P=0.05). However,
WHO grade did not harbor similar characteristics. In refer-
ence to WHO-1, the odds ratios for obtaining disease control
were 0.84 (95% CI: 0.03 to 20.94, P=0.9) and 2.86 (95%
CI: 0.11 to 76.1, P=0.5). The logistic regression model per-
formed considerably worse in terms of predicting disease
control with AUC 0.71 (95% CI: 0.62 to 0.79) and Brier
0.24 (95% CI: 0.19 to 0.28) (Fig. 3C). The calibration was
negatively affected with a tendency to underestimate the
probability of obtaining disease control. Furthermore, the
cohort combining SSA with everolimus included only two
WHO-1 patients, who had stable and progressive disease,
respectively. The remaining patient had WHO-2 or WHO-3
lesions, but obtained partial and complete response as best
radiological evaluation—thus, partially explaining the
decreased predictive performance and calibration.

Probability of progression-free and overall survival

The absolute risk of progression and probability of survival
failure increased significantly corresponding to each WHO
grade. However, the absolute risk of progression reached a
plateau for both WHO-1 and -2 meningiomas after approxi-
mately 3 and 5 years (Fig. 4A and B).

Qualitative synthesis: cases not included
in the individual patient data meta-analysis

Cohorts

One phase II study, which applied pasireotide to 18 pro-
gressive meningiomas, did not contribute with data for the
quantitative synthesis [40]. The SSA treatment was well
tolerated with transient and manageable toxicities includ-
ing fatigue, nausea, and diarrhea. Grades 3 and 4 toxicities

@ Springer

comprised hyperglycemia, hypoglycemia, elevated amyl-
ase, elevated lipase, fatigue, and hypokalemia. The median
PFS and OS comprised 15 and 104 weeks, respectively.
The best radiographic response obtained was not reported.

Case reports

Four case studies reported positive effects from SSA treat-
ment, including a 2-year progression-free survival [42] and
stable disease [11, 46], including partial remission reported.
Also, visual improvement in a episellar meningioma [24]
and favorable acute and chronic effects on meningioma
tumor size on MRI were reported [49]. The applied radio-
logical protocol was not reported.

One study reported no growth inhibition in a patient with
simultaneous pituitary acromegaly [55]. Finally, one study
reported a case of multifocal demyelination after octreotide
treatment in a patient with metastatic meningioma [51].

Discussion

We herein present a systematic review with a meta-anal-
ysis of individual patient data compiled from eight out of
nine hitherto published cohorts. The effect of SSA on pro-
gression and death could not be quantified using standard
time-to-event analysis. The SSA treatment was applied as
salvage treatment and administered on a monthly basis.
Consequently, unlimited treatment cycles were allowed and
only discontinued in case of deterioration. Therefore, the
cumulative SSA dosage received was highly correlated to
(1) length of overall survival per default and (2) progression-
free survival, as treatment was terminated in progressive
lesions, thus yielding lower cumulative dosages in patients
with a progression. Subsequently, the association between
outcomes and cumulative dose may reflect reversed causal-
ity, and the quantification of odds for achieving disease con-
trol using a multivariable logistic regression analysis may be
correspondingly biased. The applicability of odds for obtain-
ing disease control is limited to generation and calibration
of hypotheses for prospective trials.

SSA therapy has well-established antitumorigenic effects
in vitro [1, 13—15], and SSA therapy is an established treat-
ment for other SSTR positive tumors [29, 41, 48, 60]. We
therefore expected to find supporting evidence also for
meningioma through our review and meta-analysis. Some
results suggested benefit for selected patients: ~ 11% of all
included patients obtained partial or better “best radiologi-
cal response” and an additional 47% obtained “stable dis-
ease.” Next, the regression model was applied in the separate
cohorts comprising patients receiving (1) SSA as monodrug
therapy vs (2) SSA combined with everolimus. The odds
ratios showed statistically significant radiological disease
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Table 2 A multivariable logistic regression model applied to two sep-
arate cohorts administering SSA as mono drug therapy or concomi-
tant to everolimus. Outcome was probability of obtaining disease

control as best radiological response on MRI (stable disease, partial
or complete response) vs progressive disease

SSA administered as mono drug therapy

SSA administered concomitant to everolimus

n=99 n=34
Covariate Odds ratio (95% CI, P value) Odds ratio
(95% CI, P value)
Total SSA 1.42 (1.11 to 1.81, P=0.005) 1.44 (1.00 to 2.08, P=0.05)
per 100 mg increase
Age 1.10 (0.93 to 1.29, P=0.27) 1.16 (0.83 to 1.63, P=0.4)

per 5-year increase

Female 0.37 (0.12 to 1.20, P=0.09)
in reference to male

WHO-2 0.31 (0.09 to 1.05, P=0.06)
in reference to WHO-1

WHO-3 0.08 (0.02 to 0.33, P=0.0007)

in reference to WHO-1
Predictive performance AUC
(95% CI)
0.84

(0.77 t0 0.92)

3.86 (0.68 t0 21.8, P=0.1)
0.84 (0.03 to 20.94, P=0.9)

2.86 (0.11 to 76.1, P=0.5)

Brier score AUC Brier score
(95% CI) (95% CI) (95% CI)
0.15 0.71 0.24

(0.11t0 0.19) (0.62t0 0.79) (0.19 to 0.28)

control with 1.42 and 1.44 per 100 mg increase in Total-SSA
in both cohorts. The predictive performance of the logistic
regression model showed good agreement between pre-
dicted vs observed frequency of disease control in the SSA

monodrug therapy cohort. In contrast, the prediction model
underestimated the probability of disease control in the
combined treatment cohort. This result suggested an added
effect of everolimus, but reflected relatively few patients and

@ Springer



Neurosurgical Review

A SSA as mono drug therapy
0,
100% n =99
75%
2
2
= 50%
[=
h AUC:
e / 0.84 [95% CI: 0.77 t0 0.92]
0%
0% 25% 50% 75% 100%
1-Specificity
C SSA combined with everolimus
0,
100% n=34
75%
2
2
= 50%
(=
* AUC:
0,
2% 0.71 [95% CI: 0.62 to 0.79]
0%
0% 25% 50% 75% 100%
1-Specificity

Observed frequency
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B Calibration: radiological disease control with SSA monotherapy
100% /
750/0 - =
50% /
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5 >
- / 0.15[95% CI: 0.11 to 0.19]
0%
0% 25% 50% 75% 100%
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D Calibration: radiological disease control with SSA and everolimus
100%
75%
50%
Brier:
0,
2% 0.24 [95% CI: 0.19 to 0.28]
0%

0% 25% 50% 75% 100%

Predicted probability

Fig.3 Predictive performance of logistic regression model applied to the (A, B) SSA as mono drug therapy and (C, D) SSA with everolimus
cohorts. The calibration plot indicates the agreement between prediction and observed frequency, thus the diagonal convey the perfect model

should be viewed with caution. This result could also be
attributed to the extensive heterogeneity between the indi-
vidual patients and cohorts—e.g., the cohort combining
SSA with everolimus included two WHO-1 patients, while
complete response to treatment was reported for WHO-3
lesions. In contrast, WHO-1 patients were predominant in
the cohort applying SSA as monodrug therapy, while no
case complete response was reported for WHO-3 lesions.
The meta-analysis was, however, compromised by the very
low quality of evidence in included studies. The individual
studies did not measure outcomes following a fixed SSA
dosage, but allowed for unlimited treatment cycles over time.
Evaluation of treatment effects were, therefore, complicated
by well-responding patients receiving more SSA than non-
responders, allowing for reverse causality. SSA treatment
for meningioma was neither supported nor disqualified by
our meta-analysis.

Another issue was generalizability and external validity,
which would require well defined treatment groups. The
term “treatment-refractory” does not constitute a universal
clinical and traceable definition. Still, the relation between
risks was usually associated with each individual WHO
grade and was preserved as demonstrated by the Aalen-
Johansen method for absolute risk of progression and the
Kaplan—Meier method for overall survival probabilities.
Thus, “treatment-refractory” was interpreted to denote
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meningiomas with a particularly aggressive phenotype
within each WHO grade rather than a specific subgroup of
aggressive meningiomas, but still remains undefined.

Moreover, the studies comprised vastly heterogenous
cohorts dominated by patients with dismal prognoses at
baseline. Interpretation of results is hampered not only by
such heterogeneity but also by the fact that “treatment refrac-
tory meningiomas” may be particularly difficult to treat with
any therapy, and that less aggressive meningiomas could be
better treated.

Published data were inconclusive as they reflected either
causality or confounders; SSA treatment for meningioma
was neither supported nor disqualified. Considering its low
toxicity and the analogy between meningiomas and other
somatostatin-receptor positive tumors [41, 48], SSA remains
a potential future treatment for meningioma.

It follows that prospective trials are required to resolve
whether SSA is useful for therapy of meningiomas. It
could be speculated that less aggressive tumors and lower
tumor burden may associate with better detectable treat-
ment responses. In this context, several essential aspects
remain unresolved. Currently, five unique SSTR-subtypes
have been described. While SSTR-2a may be expressed
predominantly on de novo meningioma tumor cells, it has
been shown that recurrent lesions and previous treatment
with radiotherapy affect the SSTR subtypes 1, 3, and 5 [2].
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How these alterations may influence antitumorigenic proper-
ties of SSA is unknown but crucial to determine therapeutic
potentials of SSA treatment. Furthermore, it has been dem-
onstrated that 68 Ga-DOTATATE/-TOC uptake on PET/CT
scans correlated with benefit from SSTR-targeted peptide
radionuclide receptor therapy (PRRT) [54]. That treatment
also utilizes somatostatin analogues, indicating that scin-
tigraphy and PET technologies targeting SSTR may allow
selection of patients for SSA treatment. Finally, molecular
characterization and methylation-based classification offers
improved risk stratification of meningioma [37, 50, 64].
Thus, it is expected that future studies could select patients
from molecular and epigenetic profiles for SSA treatment.
SSA have plausible mechanistic effects on meningi-
oma, and they are established therapy for other tumors that
express SSTR. In this context, the benefit suggested by the
reviewed articles may well reflect a true effect. We conclude

Months since treatment initiation

that we (1) cannot discard an effect SSA applied to treatment
of meningiomas and (2) evidence is currently insufficient to
support other than experimental use. Thus, search for better
evidence is warranted.

Comparison to cases not included
in the quantitative synthesis

Data from one phase II study were not compiled in the
quantitative synthesis [40]. The reported adverse events are
similar to the presented individual patient data meta-analy-
sis with predominantly transient and manageable toxicities
comprising mainly gastrointestinal discomfort, and only few
severe toxicities. The endpoints comprising PFS and OS
were comparable to the results obtained from the individual
patient data meta-analysis as the 18 subjects suffered from
recurrent or progressive WHO-2 and -3 meningiomas. We,
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therefore, consider that the reported toxicities and time-to-
event endpoints support the primary results presented herein.

Previous case reports have investigated the use of SSA
in treatment-refractory meningioma. These did not report
consistent results; five case reports reported favorable out-
comes in the form of stable disease or regression [11, 24,
42, 46, 49], one study reported progression, and one study
an unexpected complication [51, 55]. Except one severe
adverse effect consisting of multifocal demyelination, the
case reports overall outline a safe use of SSA.

The somatostatin receptor and antitumorigenic
effects

Biological pathways exerting antitumorigenic effects are
initiated via SSTR 1-5 agonism, and mainly comprise
induced apoptosis, inhibited proliferation, and inhibited
hormone secretion (Fig. 5 details a graphic overview).
The intracellular effects mediated by SSTR 1 through 5
may be receptor subtype selective, but currently remain
incompletely mapped [22].

Induced apoptosis is activated by the protein-tyrosine
phosphatase SHP-1 leading to p53-dependent apoptosis
executed by caspases [30, 52, 61], and NF-x B-mediated
control of JNK-cascade that induces apoptosis [17, 44]. The
main pathway mediating antiproliferative effects involves
phosphotyrosine phosphatases (PTP), that transduce the
activity of downstream signaling molecules including the
PI3K/Akt and Ras-Raf-MEK-ERK pathways [9]. Ultimately,
cyclin-dependent kinase inhibitors, such as p21 and p27,
are upregulated leading to inhibition of cell proliferation [8,
63]. Furthermore, SSTR also initiate antitumorigenic effects
indirectly through inhibition of adenylate cyclase leading
to reduced levels of cAMP and Ca®" that inhibit the secre-
tion of tumorigenic growth factors and hormones, such as
VEGF [27, 62]. Finally, SSA may induce immunomodula-
tory mechanisms facilitating antitumorigenic effects [45].

In vitro, an antiproliferative activity of octreotide and
pasireotide has been documented on meningioma cells, both
solitarily and in combination with everolimus [1, 13—15]. We
could, however, not detect a statistical interaction between
SSA and everolimus with effect on the progression and mor-
tality rate. It is probable that selection of tumors defined
as treatment-refractory provides a cohort of patients where
long-lasting effects are unlikely and cure impossible. Fur-
thermore, distribution and expression of different SSTR sub-
types might change in recurring meningiomas. This could
impact the efficacy of SSAs with affinity to mainly SSTR2
and SSTRS, and explain escape from response [22]. Recent
insights to SSTR 1-5 expression in meningioma show over-
all lower SSTR expression scores associated with higher
WHO grade and differences in SSTR1-5 distribution among
meningioma subgroups [3]. Receptor type differences could
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be a result of the underlying heterogeneous mutational land-
scape across recurrences due to geographic heterogeneity
of the primary tumor [3, 4]. It remains to be resolved how
this may affect the antitumorigenic properties of treatment
with SSA.

Strengths and limitations

The major strength was the inclusion of ~89% of individ-
ual patient data from previously published cohorts, thus
enabling unique exploration at a personal level compris-
ing most of hitherto SSA-treated meningioma patients. As
elaborated above, the primary weaknesses are the small
number of patients, a non-randomized study design with no
head-to-head comparisons, study, and patient heterogeneity.
Notably, none of the currently published studies reported
clinicopathologic features and only provided limited data on
previous treatment history, which prevented us from identi-
fying features that might predict response. Upcoming studies
are encouraged to report these features.

Furthermore, although the radiological assessment proto-
cols differed across the studies, the applied protocols inde-
pendently constitute acknowledged and widely used assess-
ment schemes within neuro-oncology. Also, the included
patients were graded according to the 2007 (n=358) versus
2016 (n="77) editions of the WHO classification of CNS
tumors. The only difference between the two versions,
however, encompasses brain invasion and may only affect
meningioma tumors graded as WHO-1 in the 2007 edition.
This only affected a fraction of the compiled cohort, and re-
classification according to the 2016 edition would unlikely
affect the main findings. The 2021 WHO classification of
CNS tumors is expected to provide better prognostication
of meningioma patients, as it will include TERT promoter
mutations and CDKN2A/B homozygous deletions as bio-
markers for aggressive phenotypes [35].

Regarding toxicities, it is accepted that including more
than 60 patients in phase I trials does not improve detection
of clinically relevant toxicities in later large-volume trials
[25]. In this context, we consider the 133 included patients
feasible for assessment of clinically relevant toxicities in
meningioma patients receiving SSA treatment.

A major weakness to all studies that deal with second and
third tier therapies are the increasingly heterogenous popula-
tions that are offered these therapies. It is generally stated
that patients have undergone surgery and have been treated
with the therapy in question for MRI confirmed progressive
recurrences. The number of surgeries and other previous
adjuvant therapies are frequently not described. The quality
“intractable” typically reflects professional assessment of a
treating physician. We assessed the lack of pretreatment data
for five of Schultz’ [53] patients with a sensitivity analysis
that did not suggest bias by inclusion of those patients.
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Fig.5 Graphic overview of antitumorigenic pathways initiated by
the somatostatin receptors. Apoptosis is activated by SHP-1 lead-
ing to p53-dependent apoptosis executed by caspases [43—45], and
NF-kB-mediated control of JNK-cascade [46, 47]. Antiprolifera-
tive effects involve PI3K/Akt and Ras-Raf-MEK-ERK pathways
activated by PTP [48]. Inhibition of proliferation occurs through

Prospective randomization with objective prognostic and
response criteria would be necessary to handle heteroge-
neity and improve traceability in future trials. Still, for the
objectives described herein, the presented data compilation
of most meningioma patients previously treated with SSA
yielded a more reliable effect estimate than obtained by the
nine studies individually. We propose a randomized trial of
SSA applied to a more homogenous cohort comprising less
aggressive meningioma patients, with same radiological pro-
tocols, WHO classifications and with sufficient follow-up
time to account for variation in meningioma growth kinetics
across different WHO grades and over time [21, 36].

Conclusions

We conclude that quality of available evidence was very
low. Limitations of present literature complicated exact
quantification of SSA treatment-efficacy, and studies were
limited to meningioma patients with advanced disease. Still,
approximately half of the patients obtained disease control.
SSA was associated with transient and manageable toxicities
in most cases, which positively support the clinical utility.
We conclude that available evidence was insufficient either
to discard SSA treatment for meningiomas or implement it
for wide clinical use, while our review taken together with
established applications for other SSTR-expressing tumors
justify a well-designed prospective trial.
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upregulation of cyclin-dependent kinase inhibitors (e.g., p21 and
p27). Antitumorigenic effects occur through inhibition of ade-
nylate cyclase leading to reduced levels of cAMP and Ca2 + that
inhibits secretion of growth factors and hormones, such as VEGF
[51, 52]. SSA may induce immunomodulatory mechanisms facili-
tating antitumorigenic effects [53]
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