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ABSTRACT

Background

Potential benefits of rapamycin or rapalogs for treating people with tuberous sclerosis complex (TSC) have been shown. Currently
everolimus (a rapalog) is only approved for TSC-associated renal angiomyolipoma and subependymal giant cell astrocytoma (SEGA), but
not other manifestations of TSC. A systematic review needs to establish evidence for rapamycin or rapalogs for various manifestations in
TSC. This is an updated review.

Objectives

To determine the effectiveness of rapamycin or rapalogs in people with TSC for decreasing tumour size and other manifestations and to
assess the safety of rapamycin or rapalogs in relation to their adverse effects.

Search methods

We identified relevant studies from the Cochrane-Central-Register-of-Controlled-Trials (CENTRAL), Ovid MEDLINE and ongoing trials
registries with no language restrictions. We searched conference proceedings and abstract books of conferences.

Date of the last searches: 15 July 2022.

Selection criteria

Randomised controlled trials (RCTs) or quasi-RCTs of rapamycin or rapalogs in people with TSC.

Data collection and analysis

Two review authors independently extracted data and assessed the risk of bias of each study; a third review author verified the extracted
data and risk of bias decisions. We assessed the certainty of the evidence using GRADE.

Main results

The current update added seven RCTs, bringing the total number to 10 RCTs (with 1008 participants aged 3 months to 65 years; 484 males).
All TSC diagnoses were by consensus criteria as a minimum. In parallel studies, 645 participants received active interventions and 340
placebo. Evidence is low-to-high certainty and study quality is mixed; mostly a low risk of bias across domains, but one study had a high
risk of performance bias (lack of blinding) and three studies had a high risk of attrition bias. Manufacturers of the investigational products
supported eight studies.

Systemic administration
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Six studies (703 participants) administered everolimus (rapalog) orally. More participants in the intervention arm reduced renal
angiomyolipoma size by 50% (risk ratio (RR) 24.69, 95% confidence interval (CI) 3.51 to 173.41; P = 0.001; 2 studies, 162 participants, high-
certainty evidence). In the intervention arm, more participants in the intervention arm reduced SEGA tumour size by 50% (RR 27.85, 95% CI
1.74 10 444.82; P = 0.02; 1 study; 117 participants; moderate-certainty evidence) ,and reported more skin responses (RR 5.78, 95% Cl 2.30 to
14.52; P =0.0002; 2 studies; 224 participants; high-certainty evidence). In one 18-week study (366 participants), the intervention led to 25%
fewer seizures (RR 1.63, 95% Cl 1.27 to 2.09; P = 0.0001) or 50% fewer seizures (RR 2.28, 95% CI 1.44 to 3.60; P = 0.0004); but there was no
difference in numbers being seizure-free (RR 5.30,95% CI 0.69 to 40.57; P =0.11) (moderate-certainty evidence). One study (42 participants)
showed no difference in neurocognitive, neuropsychiatry, behavioural, sensory and motor development (low-certainty evidence).

Total adverse events (AEs) did not differ between groups (RR 1.09, 95% Cl 0.97 to 1.22; P = 0.16; 5 studies; 680 participants; high-certainty
evidence). However, the intervention group experienced more AEs resulting in withdrawal, interruption of treatment, or reduced dose (RR
2.61,95% Cl 1.58 to 4.33; P = 0.0002; 4 studies; 633 participants; high-certainty evidence and also reported more severe AEs (RR 2.35, 95%
C10.99 to 5.58; P = 0.05; 2 studies; 413 participants; high-certainty evidence).

Topical (skin) administration

Four studies (305 participants) administered rapamycin topically. More participants in the intervention arm showed a response to skin
lesions (RR 2.72, 95% CI 1.76 to 4.18; P < 0.00001; 2 studies; 187 participants; high-certainty evidence) and more participants in the
placebo arm reported a deterioration of skin lesions (RR 0.27,95% CI 0.15 to 0.49; 1 study; 164 participants; high-certainty evidence). More
participants in the intervention arm responded to facial angiofibroma at one to three months (RR 28.74, 95% Cl 1.78 to 463.19; P = 0.02)
and three to six months (RR 39.39, 95% Cl 2.48 to 626.00; P = 0.009; low-certainty evidence). Similar results were noted for cephalic plaques
at one to three months (RR 10.93, 95% CI 0.64 to 186.08; P = 0.10) and three to six months (RR 7.38, 95% CI 1.01 to 53.83; P = 0.05; low-
certainty evidence). More participants on placebo showed a deterioration of skin lesions (RR 0.27, 95% Cl 0.15 to 0.49; P <0.0001; 1 study;
164 participants; moderate-certainty evidence). The intervention arm reported a higher general improvement score (MD -1.01,95% CI -1.68
to -0.34; P < 0.0001), but no difference specifically in the adult subgroup (MD -0.75, 95% CI -1.58 to 0.08; P = 0.08; 1 study; 36 participants;
moderate-certainty evidence). Participants in the intervention arm reported higher satisfaction than with placebo (MD -0.92, 95% CI -1.79
to -0.05; P = 0.04; 1 study; 36 participants; low-certainty evidence), although again with no difference among adults (MD -0.25, 95% CI -1.52
to 1.02; P = 0.70; 1 study; 18 participants; low-certainty evidence). Groups did not differ in change in quality of life at six months (MD 0.30,
95% Cl -1.01 to 1.61; P = 0.65; 1 study; 62 participants; low-certainty evidence).

Treatment led to a higher risk of any AE compared to placebo (RR 1.72,95% CI 1.10, 2.67; P = 0.02; 3 studies; 277 participants; moderate-
certainty evidence); but no difference between groups in severe AEs (RR 0.78, 95% Cl 0.19 to 3.15; P = 0.73; 1 study; 179 participants;
moderate-certainty evidence).

Authors' conclusions

Oral everolimus reduces the size of SEGA and renal angiomyolipoma by 50%, reduces seizure frequency by 25% and 50% and implements
beneficial effects on skin lesions with no difference in the total number of AEs compared to placebo; however, more participants in the
treatment group required a dose reduction, interruption or withdrawal and marginally more experienced serious AEs compared to placebo.

Topical rapamycin increases the response to skin lesions and facial angiofibroma, an improvement score, satisfaction and the risk of any
AE, but not severe adverse events.

With caution regarding the risk of severe AEs, this review supports oral everolimus for renal angiomyolipoma, SEGA, seizure, and skin
lesions, and topical rapamycin for facial angiofibroma.

PLAIN LANGUAGE SUMMARY

Drugs that aim to relieve clinical symptoms of tuberous sclerosis complex

Review question

Can rapamycin or rapalogs reduce the severity of clinical symptoms in people with tuberous sclerosis complex?
Background

Tuberous sclerosis complex is a genetic disease caused by mutations in TSCI or TSC2 genes that affects several organs such as the brain,
kidneys, heart, lungs and skin. The incidence is one in approximately 6000. Previous studies have shown potential benefits of rapamycin
or rapalogs for treating people with tuberous sclerosis complex. Although everolimus (a rapalog) is currently approved by the FDA (USA
Food and Drug Administration) and EMA (European Medicines Agency) for tumours associated with tuberous sclerosis complex (renal
angiomyolipoma and subependymal giant cell astrocytoma), the use of these drugs for treating other symptoms of the condition has not
yet been established. This review aims to bring together clinical trials in this area to establish the clinical value of rapamycin and rapalogs
for various symptoms of tuberous sclerosis complex.

Search date

Rapamycin and rapalogs for tuberous sclerosis complex (Review) 2
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The evidence is current to: 15 July 2022.

Study characteristics

Thereviewincluded 10 studies with 1008 people with tuberous sclerosis complex aged between three months and 65 years of age. However,
one study involved five people with sporadic lymphangioleiomyomatosis (without tuberous sclerosis complex) who we could not remove
from the analysis. Studies compared rapamycin or rapalogs with placebo (containing no active ingredient) and people were selected for
one treatment or the other randomly. The duration of the studies was variable. Two studies were funded by Novartis Pharmaceuticals.

Key results

Oral everolimus (rapalog) increased the number of people who achieved a 50% reduction in the size of subependymal giant cell
astrocytoma and renal angiomyolipoma, as well as 25% and 50% reduction in seizure frequency. Oral everolimus also showed benefit in
terms of response to skin lesions. However, those who received the systemic treatment probably had a higher risk of experiencing any
adverse events as compared to those who did not receive treatment. More people receiving the systemic treatment had severe adverse
events and adverse events that cause them to withdraw from the trial, temporarily stop treatment or reduce their dose compared to people
receiving placebo.

Topical rapamycin increased the proportion of people who reported response to any skin lesions and probably facial angiofibroma.
Absence of topical rapamycin increased the proportion of people who reported deterioration to any skin lesions. The topical rapamycin
was also shown to increase improvement score and satisfaction. However, those who received the topical treatment probably had a higher
risk of experiencing any adverse events, but not severe adverse events, compared to those who did not receive treatment.

Certainty of the evidence

All of the included studies generally showed a low risk of bias in study design. Four of these studies showed high risk of bias in a few
areas of study design, such as whether participants knew if they were given the treatment or placebo and incomplete data in the final
analyses. In eight of the studies, we need important information from trial authors in several study design areas in order to make quality
judgements on those areas, such as whether people knew which group they would be put into, whether participants knew if they were
given the treatment or placebo, whether research personnel knew if participants receive the treatment or placebo, whether the person
who assess the effect of intervention knew if participants receive the treatment or placebo, and incomplete data in final analyses. In eight
studies, some authors who are employees, stock owners, consultants, or received grants from the manufacturers of the investigational
products were involved in the study design, discussion, research, overseeing of data collection and data analysis and interpretation. These
studies were also supported by manufacturers of the investigational products.

The evidence from studies using systemic administration showed mixed levels of certainty. We found high-certainty evidence for 50%
reduction in the size of renal angiomyolipoma, response to skin lesions, and adverse events. Outcomes related to 50% reduction in the
size of SEGA, frequency of seizure, and number of participants with increased creatinine level were judged as having moderate-certainty
evidence. Outcomes related to participants' well-being were of low-certainty evidence.

The evidence from studies using topical administration also showed mixed levels of certainty. We found high-certainty evidence
for improvements in any skin lesions. We found moderate-certainty evidence for adverse events. Outcomes on response to facial
angiofibroma, cephalic plaque, and participants' well-being were of low-certainty evidence.

Rapamycin and rapalogs for tuberous sclerosis complex (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings for systemic administration of rapalogs

Oral everolimus (rapalog) compared with placebo for people with TSC

Patient or population: people with TSC

Settings: outpatient

Intervention: oral everolimus (rapalog)

Comparison: placebo

Outcomes Illustrative comparative risks* Relative ef- No of partici- Certainty of Comments
(95% CI) fect pants the evidence
(95% Cl) (studies) (GRADE)
Assumedrisk  Corresponding
risk
Placebo Oral
everolimus (ra-
palog)
50% reduc- Renal angiomy- Seecomment 450 per 1000 RR 24.7 (95% 162 BHDHD P=0.001
tion of tu- olipoma Cl3.5t0 highc
mour sized (see comment) 173.4) (2) 0/53 participants in the placebo group and
(follow-up: mixed 49/109 participants in the rapalog group ex-
- 12 to 48 weeks) perienced 50% reduction in tumour size.
Assumed and corresponding risk are calcu-
lated as the event rates in each group.
SEGA See comment 346 per 1000 RR 117 fexlesTe) P=0.02
moderatec.e . .
(follow-up: 12 (see comment) 27.9 (95% ClI (1) 0/39 participants in the placebo group and
weeks) 1.7 t0 444.8) 27/78 participants in the rapalog group ex-
perienced 50% reduction in tumour size.
Assumed and corresponding risk are calcu-
lated as the event rates in each group.
Response to skin lesionsP 53 per 1000 307 per 1000 RR5.8(95%Cl 224 SOOE P =0.0002
(122 to 769 per 2.3t0 14.5) high¢
Follow-up: 6 months 1000) (2)

0
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Frequency of  Number of par- 8 per 1000 42 per 1000 RR 5.30 (95% 366 DD These outcomes were analysed from only
seizure ticipants with Cl10.69 - moderate¢;e one out of 3 studies reporting seizure fre-
100% reduction (6 to 325 per 40.57) (1) quency (French 2016 (EXIST 3)). We could
Follow-up:18  in seizure fre- 1000) not analyse data from Overwater 2016 that
weeks quency used cross-over design until we obtain da-
ta from the first period prior to crossing the
Number of par- 151 per 1000 344 per 1000 RR2.28(95% 366 o0 arms. Neither could we analyse data from
ticipants with Cl1l.44to moderate® Franz 2013 (EXIST 1) that only reported the
50% reduction in (217 to 544) 3.60) (1) median change of seizure frequency and
seizure frequency where a large proportion of participants did
not experience seizures at baseline.
Number of par- 378 per 1000 616 per 1000 RR1.63(95% 366 )
ticipants with Cl1.27to
25% reduction in (480 to 790) 2.09) (1) moderatee
seizure frequency
Number of participants with an 77 per 1000 949 per 1000 RR0.16 (95% 118 SDD
increased creatinine level Cl10.02-1.53) moderate®
(2 to 118) (1)
Follow-up: 6 months
FEV;/FVC ratio This outcome was not reported.
Outcomes Change in atten- Mean score Mean score NA 42 oD P =0.001. Participants receiving placebo
relevant to tion and exec- change in change in the showed less deterioration in attention and
participants'  utive function: the placebo rapalog group (1) lowd executive function. A higher score is better.
well-being mean change in group was was 1.26 points The outcome was reported as difference in
CANTAB score -0.58 (SD 1.11) lower (2.03 low- mean score change.
(follow-up: 6 er to 0.49 lower)
months)
Socialization Mean score Mean score in NA 42 T P =0.43. A higher score is better. The out-
and behaviour in the place- the rapalog come was reported as difference in mean
(SRS): mean score  bo groupwas  group was 4.98 (1) lowd score.
(follow-up: 6 81.15 (SD points lower
months) 18.86)
(17.34 lower to
7.38 higher)
Adverse Any adverse 793 per 1000 892 per 1000 RR1.09 680 (5) ODDD P=0.16
events events (0.97-1.22) high
180/227 from the placebo group and
Follow-up: 404/453 from the treatment group experi-
mixed (12 to enced any adverse event.
48 weeks)
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Adverse events 76 per 1000 207 per 1000 RR 2.61 (95% 633 (4) SODD P =0.0002

leading to dose Cl1.58to high

reduction, inter- 4.33) 16/212 from placebo group and 87/421 ex-
ruption or with- perienced adverse events leading to dose
drawal reduction, interruption or withdrawal.
Severe adverse 105 per 1000 233 per 1000 RR 2.35 (95% 413 (2) ) P=0.05

events Cl0.99to high

5.58)

14/134 from the placebo group and 65/279
from the treatment group experienced se-
vere adverse events.

*The basis for the assumed risk was the event rate in the placebo group unless otherwise stated in the comments. The corresponding risk (and its 95% Cl) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; FEV;: forced expiratory volume in 1 second; FVC: forced vital capacity; RR: risk ratio; SEGA: subependymal giant cell astrocytoma; TSC: tuberous

sclerosis complex.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

This summary of finding table was generated based on analyses from two of the included studies (Bissler 2013 (EXIST 2), Franz 2013 (EXIST 1)) which used oral (systemic)
administration of everolimus (rapalog). Five of the participants from Bissler study were diagnosed with sporadic lymphangioleiomyomatosis (without TSC) which we could not
separate from the current analysis (we will attempt to do this for a future update of the review) (Bissler 2013 (EXIST 2)).

a. Response to tumour size is defined as reduction in at least 50% reduction from baseline in sum of volumes of target tumour in participant.
b. Definition of 'response’ to skin lesions was not mentioned in the two studies analysed (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1)).

c.No downgrading of evidence: certainty levels were not downgraded although there are large Cls. The number of participantsis relatively large for a rare disease, thus judgement
about the certainty of evidence (particularly judgements about precision) may be based on the absolute effect. Unless there is other reason for downgrading, certainty rating was

considered 'high' because the outcome was appropriately assessed.

d. Downgraded twice to low due to (1) imprecision caused by small number of participants and (2) indirectness because the result came from only 1 study which made it difficult

to ascertain generalisability.

e. Downgraded once to moderate due to indirectness because the result came from only 1 study which made it difficult to ascertain generalisability

Summary of findings 2. Summary of findings for topical administration of rapamycin

Topical rapamycin compared with placebo for people with TSC

Patient or population: people with TSC
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Settings: outpatient
Intervention: topical rapamycin

Comparison: placebo

Outcomes Illustrative comparative risks* Relative ef- No of par- Certainty Comments
(95% Cl) fect ticipants of the evi-
(95% Cl) (studies) dence
Assumedrisk  Corresponding (GRADE)
risk
Placebo Topical Ra-
pamycin
50% reduction in tumour size This outcome was not reported
Response to skin lesion Improve- 250 per 1000 730 per 1000 RR2.72 187 (2) OODD P <0.00001
ment of any (95% Cl 1.76 high
skin lesion to 4.18) 16/59 from the placebo group and
(follow-up: 6 94/128 from the treatment group ex-
months) perienced response to any skin le-
sion.Similarly, the number of partici-
pants with worsening skin lesion was
also reported in 1 study (164 partic-
ipants) as RR 0.27 (95% C1 0.15 to
0.49).
Facial an- See comment 600 per 1000 RR39.39 62 (1) [T 0/32 from the placebo group and
giofibroma (95% CI 2.48 low¢ 18/30 from the treatment group ex-
(follow-up: 3 t0 626.00) perienced response to facial angiofi-
to 6 months) broma at 3 to 6 months; similarly,
at 1 to 3 months follow-up, RR 28.74
(95% Cl 1.78 to 463.19).
Cephalic 60 per 1000 460 per 1000 RR7.38 29 (1) (] 1/16 in the placebo group and 6/13
plaque (fol- (95% Cl 1.01 in the treatment group experienced
low-up: 3to to low¢ response to cephalic plaque at3to 6
6 months) 53.83) months; it was also reported at 1 to

3 months, RR 10.93 (95% CI 0.64 to
186.08).

Frequency of seizure This outcome was not reported.

Creatinine level This outcome was not reported.
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FEV,/FVCratio

This outcome was not reported.

Outcomes Mean change in QoL (com- Mean (SD) Mean change in 62 oD
relevant bined DLQI and CDLQI) changein QoL scorein the in- low<S
to partici- QoL scorein tervention group (1)
pants' well-  Follow-up: 6 months the placebo was 0.30 points
being group was higher
-0.5 (2.3).
(1.01 lower to 1.61
higher).
Meanscore  Childgroup  Mean (SD) Mean score in the 18 DP Score of 1 shows extreme satisfac-
of partici- score in the intervention group low¢e tion up and 5 shows extreme dissat-
pant satis- placebo was 1.5 points low- (1) isfaction, such that a decrease in nu-
faction group was er (2.69 lower to merical values shows better satisfac-
3.67 (1.37). 0.31 lower). tion.
Follow-up:
12 weeks Adult group  Mean (SD) Mean score in the 18 %)
score in the intervention group low¢
placebo was 0.25 points (1)
group was lower (1.52 lower
3.17 (1.33). to 1.02 higher).
Adverse events Any adverse 426 per 1000 733 per 1000 RR1.72 277 [e>TeTe) P=0.02
events (95% Cl 1.10
Follow-up: 4 to 6 months (469 to 1000) t0 2.67) (3) moderateb
Severe ad- 53 per 1000 41 per 1000 RR0.78 179 elele) P=0.73
verse events (95% C10.19 moderated
(10 to 167) to 3.15) (1)

*The basis for the assumed risk is provided in footnotes. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison group and the relative

effect of the intervention (and its 95% Cl).

Cl: confidence interval; CDLQI: Child dermatology life quality index; DLQI: Dermatology life quality index; FEV;: forced expiratory volume in 1 second; FVC: forced vital ca-
pacity; ITT: intention-to-treat; QoL: quality of life; RR: risk ratio; TSC: tuberous sclerosis complex.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.
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a. The study reported only the percentages and we inferred the absolute numbers of responders in each treatment arm from the percentages. While there are 5 dropouts, there
is no information from which treatment arm these came from. The ITT principle is in effect for the analysis, assuming all participants completed the protocol.

b. We downgraded once to moderate due to imprecision caused by substantial heterogeneity.

¢. We downgraded twice to low due to (1) imprecision caused by low number of participants and (2) indirectness because the result came from only 1 study which made it difficult
to ascertain generalisability.

d. We downgraded once to moderate due to indirectness because the result came from only 1 study which made it difficult to ascertain generalisability
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BACKGROUND

Description of the condition

Tuberous sclerosis or tuberous sclerosis complex (TSC)
(OMIM#191100; OMIM#613254) is a genetic disease that affects
several organs such as the brain, kidneys, heart, lungs and skin
(NINDS 2013). The primary manifestation is as a consequence
of growth of non-malignant tumours in the various systems
described. The incidence has been reported to be one in
approximately 6000 (Osborne 1991). However, its true incidence is
not known because of a number of undiagnosed cases consisting
mostly of mildly affected or asymptomatic individuals (Osborne
1991).

Two disease-causing genes have been identified by positional
cloning, TSC1 (van Slegtenhorst 1997) and TSC2 (ECTSC 1993).
The TSC1 gene is located on chromosome 9g34, and encodes the
protein, hamartin (130 kDa, 1164 amino acids) (van Slegtenhorst
1997). The TSC2 gene is located on chromosome 16p13.3, and
encodes another protein, tuberin (180 kDa, 1807 amino acids)
(ECTSC 1993). However, 10% to 25% of people with TSC showed
no TSCI/TSC2 mutation as identified by conventional genetic
testing (Northrup 2013). A report of 53 people with TSC with
no mutation identified, reported that mosaicism was observed
in the majority (58%) and then followed by intronic mutations,
which were seen in 40% of the study population. Two mutations
were even identified in skin tumour biopsies only, and were not
seen at appreciable frequency in blood or saliva DNA (Tyburczy
2015). These genetic abnormalities are generally inherited in an
autosomal dominant manner. Nevertheless, in more than 60% of
cases sporadic mutations are known to occur (van Slegtenhorst
1999).

The defective production of hamartin is caused by TSCI mutations
(NINDS 2013). Mutations on the TSC2 gene lead to the defective
production of another protein, tuberin and are usually related to
more severe manifestations (Dabora 2001). Both 7SCI and 7SC2
are tumour suppressor genes, the defect of which will lead to
an uncontrolled proliferation of benign tumours called tubers
or hamartomas in various sites (Gao 2001). People with TSC
present at different ages with a variety of clinical manifestations.
Common presenting symptoms include skin lesions, seizures,
learning disabilities or manifestations of tumours affecting organs
such as the brain, heart, eyes, or the kidneys (Napolioni 2008). The
disease can be diagnosed clinically by assessing individuals against
major or minor criteria, depending on the signs and symptoms
present (Northrup 2021).

Investigation of somatic mutations in a variety of TSC hamartomas
supports classification of the TSC1 and TSC2 as tumour suppressor
genes (Cheadle 2000). Interaction between hamartin and tuberin
has a stoichiometry of 1:1 and is stable; a tight binding interaction
between tuberin and hamartin forming a tumour suppressor
heterodimer has been elucidated (Kwiatkowski 2003). This complex
inhibits the mammalian target of rapamycin (mTOR) which is a
key regulator in the signalling pathway of cell proliferation and
organ size (Kwiatkowski 2003). It has been reported that hamartin-
tuberin complex regulates mTOR via hydrolysis of Rheb-GTP into its
inactive GDP bound state, Rheb-GDP (Rosner 2004; Tee 2003).

Diagnostic criteria for TSC were recently updated (Northrup 2021)
from its 2013 (Northrup 2013) and 1998 (Roach 1998) consensus.

The disease is diagnosed either genetically or clinically (Northrup
2021). Genetic diagnostic criteria include the identification of
either a TSC1 or TSC2 pathogenic mutation in DNA from normal
tissue. A pathogenic mutation is defined as a mutation that clearly
inactivates the function of the TSC1 or TSC2 proteins (e.g. out-of-
frame indel or nonsense mutation), prevents protein synthesis (e.g.
large genomic deletion), or is a missense mutation whose effect
on protein function has been established by functional assessment
(Hoogeveen-Westerveld 2012; Hoogeveen-Westerveld 2013; LOVD
TSC1; LOVD TSC2). Clinical diagnostic criteria include the major
and minor clinical features that enable clinicians to clinically
diagnose TSC (Northrup 2021). The 2013 consensus (Northrup
2013) featured 'cortical dysplasia' as a replacement to 'cortical
tubers' in 1998 diagnostic criteria (Roach 1998). The most recent
consensus (Northrup 2021) specified “multiple cortical tubers and/
orradial migration lines” to replace the more general term “cortical
dysplasias”.

The new consensus for TSC clinical diagnostic criteria defines only
possible and definitive diagnosis (Northrup 2013; Northrup 2021)
without a probable diagnosis as defined in the old consensus
(Roach 1998). A definitive diagnosis can be made when there
are either two major features or one major feature with two or
more minor features. A possible diagnosis can be made when
there are either one major feature or two or more minor features
(Northrup 2013; Northrup 2021). Major features in the most recent
consensus include hypomelanotic macules (three or more, at
least 5 mm diameter), angiofibromas (three or more) or fibrous
cephalic plaque, ungual fibromas (two or more), shagreen patch,
multiple retinal hamartomas, multiple cortical tubers and/or radial
migration line, subependymal nodules, subependymal giant cell
astrocytoma, cardiac rhabdomyoma, lymphangioleiomyomatosis
(LAM) and angiomyolipomas (two or more). It is of note, however,
findings on the combination of LAM and angiomyolipomas still
require another feature for a definitive diagnosis (Northrup 2021).
Minor features include 'confetti' skin lesions, dental enamel pits
(more than three), intraoral fibromas (two or more), retinal
achromic patch, multiple renal cysts, nonrenal hamartomas, and
sclerotic bone lesions (Northrup 2021).

Tumours of major clinical attentions include those involving the
heart, brain, kidney and lung. Generally, tumour manifestations
of TSC occur later in life, except for cardiac rhabdomyomas.
Studies estimated that up to 70% to 90% of children with
rhabdomyomas have TSC, and at least 50% of children with
TSC have rhabdomyomas. Nearly 100% of foetuses with multiple
rhabdomyomas have TSC, underscoring the practical importance
of identifying additional tumours at the time of fetal assessment for
diagnosis and prognosis (Hinton 2014).

There are three types of brain lesions in TSC - cortical dysplasia
(cortical tubers and cerebral white matter radial migration lines),
subependymal nodules (SEN; formed in the walls of the ventricles)
and subependymal giant cell astrocytoma (SEGA; develops from
SEN and grow such that they may block the flow of fluid within
the brain, causing a build-up of fluid and pressure and leading to
headaches and blurred vision) (NINDS 2013).

Along this line, seizures are prevalent symptoms among individuals
with TSC, affecting up to 85% (Chu-Shore 2010; Curatolo 2015a).
In fact, around 66% of people with TSC experience seizures
during their first year of life, usually as infantile spasms or focal
seizures (Chu-Shore 2010; Curatolo 2015a). Notably, early-onset
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epilepsy that goes untreated is linked to a greater likelihood of
neurodevelopmental impairments, such as intellectual disability
and autism spectrum disorder (Curatolo 2015a). The seizures linked
to TSC can be focal, multifocal, or generalised, and are typically
challenging to manage (Curatolo 2015b).

Renal problems in TSC, including angiomyolipomas (which occur
in 80% of people with TSC) and multiple renal cysts, comprise the
second leading cause of premature death after severe intellectual
disability (Shepherd 1991). In people with TSC, LAM is associated
with interstitial expansion of the lung with benign-appearing
smooth muscle cells that infiltrate all lung structures (Johnson
2010; McCormack 2010).

Long-term morbidity that requires life-long institutional care is also
of concernin TSC. Best estimates from epidemiological populations
suggest that about 45% of individuals with TSC have intellectual
disability (Joinson 2003). Rates of self-injury and aggression in
children with TSC were 27% and 50%, respectively. These are high
but not significantly different from rates in children with Down
syndrome or other syndrome groups (Eden 2014). In addition, 30
out of 45 women who were diagnosed with TSC as adults, actually
met the clinical criteria for TSC in childhood. Although these
women had minimal morbidity during childhood, they were at risk
of life-threatening pulmonary and renal manifestations (Seibert
2011).

Once the diagnosis of TSC is established and initial diagnostic
evaluations completed, continued surveillance is necessary to
monitor the progression of known problems or lesions and the
emergence of new ones. Although some manifestations that appear
during childhood do not cause significant problems in adulthood
and vice versa, some others may be present throughout the entire
life-span of the individual, such as epilepsy and TSC-associated
neuropsychiatric disorders (TAND) (Krueger 2013).

Recent recommendations for provision of co-ordinated care of
people with TSC specified that to allow TSC clinics to fulfil a
pluripotent role, they need to offer or have access to a range of
core services, including genetic testing and genetic counselling,
neurology and neuroimaging, nephrology, urology, general and
interventional radiology services, clinical psychology, psychiatry,
and developmental paediatrics, collaboration with patient and
family organisations, and collaboration with an individual's
community physician (general practitioner) (Annear 2019).

Description of the intervention

Rapamycin (sirolimus) and rapalogs (analogs of rapamycin) are first
generation inhibitors of mTOR. This is a protein kinase that controls
cell growth, proliferation, and survival. Often mTOR signalling is up-
regulated in cancer and there is a great interest in developing drugs
that target this enzyme. Until recently, rapamycin sensitivity was
the major criterion used to identify mTOR-controlled effects (Ballou
2008).

During the 1980s, rapamycin (sirolimus) was discovered to
show an anti-cancer activity (Faivre 2006). However, due to its
unfavourable pharmacokinetic properties, the development of
rapamycin for the treatment of cancer was not successful at
that time (Yuan 2009). Later on, analogs of rapamycin (rapalogs)
with more favourable pharmacokinetic properties and reduced
immunosuppressive effects were discovered (Faivre 2006). These

include temsirolimus (CCI-779), everolimus (RAD001), Biolimus A9
and zotarolimus (ABT-578) (Falotico 2005; Brachmann 2009). Both
biolimus and zotarolimus are drug-eluting coronary stents for
preventing coronary artery restenosis.

Rapamycin (C51H7gNO;3) is a macrolide compound that was
isolated in 1975 from Streptomyces hygroscopicus found in
a soil sample on Easter Island. It prevents activation of T
cells and B cells by inhibiting their response to interleukin-2
(IL-2). It is an FDA-approved drug for immunosuppression after
organ transplantation. Rapamycin also possesses both antifungal
and antineoplastic properties. Rapamycin is administered orally
once daily, with or without food as a tablet or a solution
with a maximum daily dose of 40 mg (RxList 2015a). The
most common adverse reactions (at least 30%) observed
with rapamycin in clinical studies are peripheral oedema,
hypertriglyceridaemia, hypertension, hypercholesterolaemia,
creatinine increase, constipation, abdominal pain, diarrhoea,
headache, fever, urinary tract infection, anaemia, nausea,
arthralgia, pain and thrombocytopaenia (RxList 2015a).

Topical rapamycin has been used for facial angiofibromas in
people with TSC (Haemel 2010; Mutizwa 2011). There are various
preparations for topical rapamycin that have been reported with
concentrations ranging from 0.1% to 1% (Madke 2013). An irritation
and burning sensation is the most common side effect seen
after topical administration of rapamycin. Individuals should be
prescribed topical hydrocortisone 0.1% cream or desonide 0.05%
lotion along with liberal emollients to counteract any irritation and
ensure compliance. Itis practical to use commercially available oral
solution of rapamycin (1 mg/mL) as a topical formulation since
compounding pharmacies are not always readily accessible and
the stability and efficacy of compounded preparation cannot be
ensured (Madke 2013).

Temsirolimus (CsgHg7NO16) has a molecular weight of 1030.30
and is non-hygroscopic. It is insoluble in water and soluble in
alcohol. It has no ionisable functional groups, and its solubility
is independent of pH. In vitro studies using renal cell carcinoma
cell lines, temsirolimus inhibited the activity of mTOR and resulted
in reduced levels of the hypoxia-inducible factors HIF-1 and HIF-2
alpha, and the vascular endothelial growth factor. It has been
indicated for the treatment of advanced renal cell carcinoma with
a recommended dose of 25 mg infusion over a 30- to 60-minute
period once a week. The most common adverse reactions (at least
30%) are rash, asthenia, mucositis, nausea, oedema, and anorexia.
The most common laboratory abnormalities (at least 30%) are
anaemia, hyperglycaemia, hyperlipaemia, hypertriglyceridaemia,
lymphopenia, elevated alkaline phosphatase, elevated serum
creatinine, hypophosphataemia, thrombocytopenia, elevated
aspartate aminotransferase (AST), and leukopenia. Temsirolimus is
contraindicated in individuals with bilirubin more than 1.5 times of
upper limit of normal range. (RxList 2015b).

Everolimus (Cs3Hg3NO14) has a molecular weight of 958.2.
It has been indicated for the treatment of post-menopausal
women with advanced hormone receptor-positive, HER2-negative
breast cancer, adults with progressive neuroendocrine tumours
of pancreatic origin (PNET), adults with advanced renal cell
carcinoma (RCC), adults with renal angiomyolipoma, SEGA and
TSC. However, further follow-up of people with TSC is still
required to determine long-term outcomes. The recommended
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dose of everolimus tablets is 10 mg, to be taken once daily
at the same time every day. The most common adverse
reactions (incidence at least 30%) were stomatitis, infections,
rash, fatigue, diarrhoea, and decreased appetite. The most
common laboratory abnormalities (incidence at least 50%) were
hypercholesterolaemia, hyperglycaemia, increased AST, anaemia,
leukopenia, thrombocytopenia, lymphopenia, increased alanine
transaminase (ALT), and hypertriglyceridaemia (RxList 2016).

While non-randomised trials showed that rapamycin or rapalogs
reduce the size of TSC-associated tumours in humans, such as
angiomyolipoma, LAM and SEGA, tumour regression does not
occur in all cases and tumour regrowth is generally observed with
the cessation of treatment (Bissler 2008; Cardamone 2014; Franz
2006). Furthermore, evidence on the effect of rapamycin (Canpolat
2014; Cardamone 2014) or rapalogs (Krueger 2013; Muncy 2009)
in improving epilepsy is not without opposition (Overwater 2014;
Wiemer-Kruel 2014). Rapamycin or rapalogs have also been tested
on other manifestations of TSC with mostly promising results, albeit
with avariable degree of evidence. Reports described improvement
in facial angiofibroma (Foster 2012; Truchuelo 2012; Wataya-
Kaneda 2012; Wheless 2013), cardiac rhabdomyoma (Tiberio 2011),
renal cell carcinoma (Pressey 2010) but not the optic nerve tumour
(Sparagana 2010) among people with TSC. An open study of 10
people with TSC-associated facial angiofibroma reported sustained
improvement in erythema and in the size and extension of the
lesions. Rapamycin plasma levels remained below detection limits
(0.3 ng/mL) in all cases. The formula was well-tolerated with
no local or systemic adverse effects (Salido 2012). Although the
response results in early human trials are encouraging, conflicting
evidence is present, and it is possible that a longer term use of
rapamycin may be more effective. Identification of other active
drugs is also of interest to improve the response rate or durability
of response, or both (Lee 2009).

Rapamycin or rapalogs are extensively metabolized by O-
demethylation or hydroxylation (or both) in the intestinal wall and
liver and undergo counter-transport from enterocytes of the small
intestine into the gut lumen. Seven major metabolites, including
hydroxy, demethyl, and hydroxydemethyl, are identifiable in whole
blood. Some of these metabolites are also detectable in plasma,
faecal, and urine samples (RxList 2015a; RxList 2015b; RxList 2016).

In the human and rat liver, rapamycin or rapalogs is
metabolized primarily by cytochrome P-450 3A4 (CYP3A4)
(Sattler 1992). Rapamycin or rapalogs are substrates for
both CYP3A4 and P-glycoprotein 1 (P-gp). Inducers of
CYP3A4 and P-gp may decrease rapamycin or rapalogs
concentrations whereas inhibitors of CYP3A4 and P-gp may
increase their concentrations. Drugs and agents that could
increase the concentration of rapamycin or rapalogs in the
blood include cyclosporine, bromocriptine, cimetidine, cisapride,
clotrimazole, danazol, diltiazem, fluconazole, protease inhibitors
(e.g., for HIV and hepatitis C that include drugs such as
ritonavir, indinavir, boceprevir, and telaprevir), metoclopramide,
nicardipine, troleandomycin, verapamil, grapefruit (RxList 2015a),
Seville oranges, limes and pomelos (Tanzi 2013). Drugs and agents
that could decrease rapamycin or rapalogs concentrations include
carbamazepine, phenobarbital, phenytoin, rifapentine, St. John's
Wort (Hypericum perforatum).

In addition, verapamil concentration could increase when given
with rapamycin or rapalogs. Immunosuppressants may affect

response to vaccination. Therefore, during treatment with
rapamycin or rapalogs, vaccination may be less effective. The use
of live vaccines should be avoided, including, but not limited
to, measles, mumps, rubella, oral polio, bacillus Calmette-Guérin
(BCG), yellow fever, varicella, and TY21a typhoid (RxList 2015a).

Death, unfortunately, is a major caveat in everolimus
administration. A meta-analysis involving 2,997 people with cancer
receiving everolimus reported that there was a small but significant
increase inthe odds of a treatment-related fatal events (Wesolowski
2014).

How the intervention might work

Disruption of mTOR signalling is at the centrepiece of tuberous
sclerosis pathophysiology. Such disruption results in TSC-related
manifestations, namely tumours (hamartomas), epilepsy, and
neuropsychiatric disorders.

As uncontrolled proliferation of benign tumoursin various organsiis
part of the pathophysiology, due to the loss of tumour suppressor
genes, inhibitors of such processes is a logical step in tumour
suppression. Cell growth and proliferation function is largely
regulated in its final pathway, by a set of processes involving a
common regulatory mTOR protein. This protein regulates vital cell
growth processes, receives external signals from growth factors,
hormones, and proteins. It then gives the 'on' or 'off' signals
for the cell to grow and divide. In normal circumstances, mTOR
combines with several other cellular components to form two
distinct complexes, termed mTORC1 and mTORC2 (Bhaskar 2007).

Inhibiting mTOR kinase was thought to be a useful approach to
systemic therapy for TSC or LAM (or both) because rapamycin has
been shown to normalise dysregulated mTOR signallingin cells that
lack normal hamartin or tuberin (Gao 2001; Goncharova 2002; Inoki
2002; Kwiatkowski 2002; Manning 2002; Potter 2002).

Excessive activation of mTOR leads to abnormally large dysplastic
neurons, disrupts the formation of dendrites and axons, increases
excitatory synaptic currents, reduces myelination, and disrupts
the cortical laminar structure (Feliciano 2013; McMahon 2012;
Meikle 2008; Talos 2008; Weston 2012; Zeng 2008). Mutations in
upstream pathway genes of mTOR, such as STRADa, DEPDC5, and
PI3K, can cause dysregulated mTOR activity, leading to cortical
malformation, which is subsequently linked to the development
of epilepsy and seizures (Wong 2016). These mechanisms underlie
benefits of mTOR inhibitor for seizure manifestation in TSC.

A detailed look into the mode of action of rapamycin discovered
that it binds to the cytosolic protein FK-binding protein 12 (FKBP12).
The sirolimus-FKBP12 complex inhibits the mTOR from forming the
mMTORC1, thusinhibiting cell proliferation. A previous study utilising
cohorts of Tsc2*/- mice and mouse model of Tsc2-null tumours
showed that treatment with an mTOR kinase inhibitor (CCI-779, a
rapamycin analogue) reduced the severity of TSC-related disease
without significant toxicity (Lee 2005).

The mechanisms by which rapamycin orrapalogs inhibits mTOR are
not fully understood, but rapamycin associates with FKBP12 to bind
to the FRB (FKBP12-rapamycin-binding) domain of mTOR. Binding
of the rapamycin-FKBP12 complex to mTOR can destabilise the
mTORC1 complex and interfere with the activation of mTOR by
phosphatidic acid. Several new compounds are available to inhibit
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mTOR, either by interfering with complex formation (FKBP12-
dependent or FKBP12-independent) or by directly inhibiting the
catalytic domain of mTOR (Ehninger 2011).

Why it is important to do this review

There is currently no established therapy for TSC, despite the
life-threatening morbidities of the disorder. Previous studies
have shown potential clinical applications of rapamycin for TSC.
Although everolimus (a rapalog) is currently FDA- and EMA-
approved for TSC-associated renal angiomyolipoma, SEGA, and
partial-onset seizures, applications for other manifestations of TSC
are yet to be established. This review aims to bring together clinical
trials in this area to establish the clinical value of rapamycin or
rapalogs for various manifestations in TSC. This is an update of a
previously published Cochrane Review (Sasongko 2016).

OBJECTIVES

To determine the effectiveness of rapamycin or rapalogs
administration in people with tuberous sclerosis complex (TSC)
for decreasing the size of TSC-related tumours and other
manifestations and to assess the safety of rapamycin or rapalogs
relating to their adverse effects.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised or quasi-randomised studies; studies
using quasi-randomised methods, such as alternation, were
eligible for inclusion if there was sufficient evidence that the
treatment and control groups were similar at baseline.

Types of participants

People with known TSC as proven by the clinical features
designated in the revised consensus on TSC diagnostic criteria
(genetic or clinical (or both) manifestations) (Northrup 2013). We
planned to include individuals diagnosed using older diagnostic
criteria (Hyman 2000; Roach 1998; Roach 1999) if we could not
ascertain compliance with the latest diagnostic criteria through
communications with trial authors.

Types of interventions

Rapamycin or rapalogs designed to reduce any TSC-associated
symptomsin people with TSC compared to placebo or any standard
treatments, applied systemically or topically.

Types of outcome measures

We planned to assess the following outcome measures.

Primary outcomes

1. Tumour size (any unit of analysis found)

Secondary outcomes

1. Skin lesion response
2. Aneurysm size for angiomyolipomas (any unit of analysis found)
3. Frequency of seizure (times)*

4. Forced expiratory volume at one second (FEV;) / forced vital
capacity (FVC) ratio

5. Creatinine level (mg/dL)

6. Other outcomes relevant to participants' well-being*

7. Any reported adverse effect or toxicity

*Please refer to 'Differences between protocol and review' for
information about this post hoc addition to outcomes.

Search methods for identification of studies

We searched for all relevant published and unpublished trials
without restrictions on language, year or publication status. We
did not restrict the searches by language as long as an English
translation was available for non-English reports.

Electronic searches

We searched the following databases and trial registries:

1. Cochrane Central Register of Controlled Trials (CENTRAL; 2022,
Issue 7) in the Cochrane Library (searched 15 July 2022);

2. MEDLINE Ovid (1946 to 15 July 2022);

3. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov; searched 15 July
2022); and

4. World Health Organization International Clinical Trials Registry
Platform (trialsearch.who.int/; searched 15 July 2022).

For details of our search strategies, please see Appendix 1.
The MEDLINE Ovid search was combined with the Cochrane
Highly Sensitive Search Strategy for identifying randomised trials
in MEDLINE: sensitivity- and precision-maximizing version (2008
revision) (Lefebvre 2022).

Searching other resources

The review authors checked the bibliographies of included
trials and any relevant systematic reviews identified for further
references to relevant trials.

The review authors also searched relevant resources, such
as conference proceedings and books of conference abstracts
(where accessible). This included the TSC International Research
Conferences (2009 t0 2019),2012 International TSC Congress, World
TSC Conference (2014,2017,2018) and the Human Genome Meeting
(2010 to 2019). These resources were searched again to date on 15
July 2022 for the current review update. The review authors will
continue to search resources from similar conferences for future
updates of this review. Investigators were and will continue to be
contacted whenever we identify eligible trials from these sources
and if more detailed information is needed.

Data collection and analysis
Selection of studies

In order to select studies for inclusion in the review, two review
authors independently applied the inclusion criteria. The review
authors reached consensus by discussion between all four authors
for any disagreements which arose on the suitability of a study for
inclusion in the review.
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Data extraction and management

One author (NFDI) extracted data using the standard acquisition
forms and then a second author (THS) verified the data. The
authors reached consensus by discussion upon any disagreements
arise on the data extraction. For missing information as specified
in other parts of this manuscript, the authors will contact study
investigators for future update of this review. The eligible time
period for endpoint analysis is at least one month after rapamycin
administration. We excluded studies from the analysis when
the only time period reported was less than one month. While
we planned to analyse data in three blocks of time (one to
three months; over three months to six months; and longer
than six months), none of the included studies reported enough
information for such analyses. We aim, if possible, to undertake this
for an update of this review, pending communication with study
authors.

Assessment of risk of bias in included studies

One review author (JTXY) assessed the risk of bias for each study
and a second review author (KK) verified the decisions. Where
needed, the review authors reached agreement on the decisions on
the risk of bias assessment through discussion. The review authors
generated a risk of bias table for each study as described in the
Cochrane Handbook of Systematic Reviews of Interventions (Higgins
2017). In particular, they examined the details of the following
components:

1. sequence generation randomisation was

adequate);

2. allocation concealment (e.g. whether the allocation was
adequately concealed);

3. blinding of participants, personnel and outcome assessors (e.g.
whether the participants, personnel and outcome assessors
were blinded);

4. incomplete outcome data (e.g. whether attrition and exclusion
were reported);

5. selective outcome reporting (e.g. whether the study was free
from selective outcome reporting);

6. other sources of bias (will be specified during the assessment).

(e.g. whether

The review authors assessed all the components using the methods
as described in the Cochrane Handbook for Systematic Reviews
of Interventions. For each item, the table provides a description
of what was reported in the study and the subjective judgement
regarding possible bias (low, high or unclear risk of bias) (Higgins
2017).

Measures of treatment effect

We pooled the analysis of different types of the different drugs
types and plan to perform subgroup analysis for rapamycin and
rapalogs if in future versions of the review we identify more studies.
We separated the analysis of different modes of applications into
systemic or topical administration.

The review authors reported dichotomous outcomes (number of
participants having 50% reduction in tumour size and skin lesions,
presence or absence of adverse effects and treatment response
to creatinine level). We calculated the risk ratios (RRs) and 95%
confidence intervals (95% Cls) based on the ratio of an outcome
among treatment-allocated participants to that among controls.

We calculated the pooled estimate of the treatment effect for each
outcome across studies by determining the RR.

We could not obtain tumour size in the form of continuous data.
Instead, review authors obtained response of treatment to tumour
size (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1)) and skin lesions
(Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); Koenig 2012) and we
analysed data as dichotomous. The studies reported creatinine
levels as the number of participants with increased creatinine
levels in both treatment or placebo arms; again we analysed these
data as dichotomous. Two studies reported one outcome each as
median change only, which we could not analyse in the review; lung
function (Bissler 2013 (EXIST 2)) and frequency of seizures (Franz
2013 (EXIST 1)).

In future updates of this review, if continuous data of these
outcomes become available, we will record them as either mean
change from baseline for each group or mean post-treatment
values and standard deviation (SD) for each group. Currently we
have assessed continuous outcome data by the calculation of
the mean difference (MD) and 95% Cls. Where studies report
multiple measures for the same outcome (e.g. absolute change
FEV; % predicted, percentage change in FEV; % predicted, or
percentage change of absolute FEV; volumes), we will calculate
the standardised MDs (SMD). We will consider absolute changes in
FEV; in the context of comparable data being available for each
participant before and after the intervention so that a calculation
of the effect size is possible.

Unit of analysis issues

We did not include any cross-over studies in the review. In future
updates, we will only include cross-over studies if we consider there
to be a sufficient washout period between the treatment arms. We
will analyse any data from such studies using paired analyses as
described by Elbourne (Elbourne 2002).

For cluster-randomised studies, if we regard these as not being
analysed correctly by study authors, we will calculate the effective
sample size and monitor and analyse them based on the method
described by Donner (Donner 2002). We plan to analyse any
such studies separately. We aim to address the risk of unit of
analysis error caused by repeated observations on participants
and whether the individual or the tumours are randomised
based on the information provided in the Cochrane Handbook of
Systematic Reviews of Interventions (Higgins 2022). If the individual
is randomised, we will include all tumours observed in the studies.

Dealing with missing data

Where any included studies were only reported as abstracts,
presented at meetings, or reported to the review authors, we
sought full reports from the study investigators. For missing
information as specified in other parts of this manuscript, we plan
to contact study investigators for future updates of this review.
In order to allow an intention-to-treat (ITT) analysis, we grouped
data by allocated treatment groups, irrespective of later exclusion
(regardless of cause) or loss to follow-up.

Assessment of heterogeneity

We tested for heterogeneity between studies using a standard Chi?
test and the |? statistic (Higgins 2003).
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The Chi? test is a statistical test for heterogeneity, whereas I?
assesses the quantity of inconsistency across studies in the meta-
analysis. The authors used a cut-off P value of 0.1 to determine
significance. This is because of the generally anticipated low power
of the reported studies due to the disease being rare. The review
authors used the following I* ranges to interpret heterogeneity:

0% to 40%: might not be important;

30% to 60%: may represent moderate heterogeneity;

50% to 90%: may represent substantial heterogeneity; and
75% to 100%: considerable heterogeneity.

el .

The review authors visually assessed the forest plot to see if Cls
overlapped.

Assessment of reporting biases

For all studies, we compared the 'Methods' section of the full
published paper with the 'Results' section to ensure that all
measured outcomes were reported.

This review included fewer than 10 studies for any outcome, so we
did not construct any funnel plots for assessment, either visually
or statistically (small-study effects analyses). However, in future
updates, provided that we include at least 10 studies, we will carry
out a visual assessment of funnel plots and statistical tests for
funnel plot asymmetry (small-study effects analyses). If we identify
any evidence of small-study effects, we will attempt to understand
the source, including the possibility of reporting bias.

Data synthesis

We employed a fixed-effect analysis in this review. In future
updates, if there is evidence of heterogeneity (I? statistic more than
40%), we plan to use a random-effects analysis.

We compared rapamycin or rapalogs versus placebo or other
standard treatment. We determined the exact time points that we
reported after analysing the included studies, but they were at least
six months apart.

Subgroup analysis and investigation of heterogeneity

In future versions of this review, if we identify heterogeneity
between the studies (12 statistic more than 40%), we will examine
subgroups, such as: age of participants (0 years to 10 years, over
10 years to 20 years, over 20 years) and the gene affected (7SCI or
7SC2).

In addition to this, where appropriate, we plan to perform subgroup
analyses of different medications (rapamycin or rapalogs), different
locations and types of tumour, and if rapamycin or rapalogs were
administered in conjunction with other agent(s).

Sensitivity analysis

The review authors plan to test the robustness of the results with
the following sensitivity analyses:

1. studies where quasi-randomisation methods are used;

2. studies where there are variations among one or more inclusion
criteria; and

3. studies of different designs (e.g. cross-over studies).

In addition, we plan to undertake a sensitivity analysis to
investigate the effects of combining endpoint analysis across all
time periods.

Summary of findings and assessment of the certainty of the
evidence

We created a summary of findings table for each comparison we
report with the following outcomes, depending on data availablein
the included studies:

50% reduction of tumour size;
response to skin lesions;
frequency of seizures (times);
creatinine level (mg/dL);
FEV,/FVC ratio;

other outcomes relevant to participants' well-being; and

No ks wDhe

any reported adverse effect or toxicity.

We assessed the certainty of the evidence for each outcome using
the GRADE approach, based on the risk of bias within the trials,
relevance to our population of interest (indirectness), unexplained
heterogeneity or inconsistency, imprecision of the results or high
risk of publication bias. We downgraded the certainty of the
evidence once if the risk was serious and twice if we deemed the
risk to be very serious.

RESULTS
Description of studies

Results of the search

Please refer to the study flow diagram (Figure 1).
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664 records
identified through
database searching

6327 records after
duplicates removed

632 records
screened

548 records
excluded for
irrelevance

84 studies with
full-text articles
assessed for
eligibility

68 studies (78
full-text articles)

— excluded, with

reasons

10 studies (84
references)
included in
qualitative
synthesis, 2 studies
(3 references)
awaiting
classification, 4
studies (4
references)
ongoing

10 studies included
in quantitative
synthesis
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The search identified 84 relevant studies and we excluded 68
studies. In the original version of the review we included three
studies (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); Koenig
2012); at this update(2022), we included a further seven studies
(French 2016 (EXIST 3); Koenig 2018; Krueger 2017; Overwater 2016;
Overwater 2019; Wataya-Kaneda 2017; Wataya-Kaneda 2018). We
have listed two studies as awaiting classification in a future update
of this review (Randell 2016; NCT03140449), and four studies are
ongoing (EUCTR2011-006308-12-ES; NCT02860494; NCT03363763;
NCT03826628).

Included studies

Refer to Characteristics of included studies.

Trial characteristics

Nine out of 10 studies were described as double-blind and
one study was open-label (Overwater 2016), all studies were
randomised, placebo-controlled studies (Bissler 2013 (EXIST 2);
Franz 2013 (EXIST 1); Koenig 2012; French 2016 (EXIST 3); Koenig
2018; Krueger 2017; Overwater 2016; Overwater 2019; Wataya-
Kaneda 2017; Wataya-Kaneda 2018). Five studies were described as
phase 3 studies (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); French
2016 (EXIST 3); Overwater 2019; Wataya-Kaneda 2018), while five
were described as phase 2 studies (Koenig 2012; Koenig 2018;
Krueger 2017; Overwater 2016; Wataya-Kaneda 2017).

Six studies were multicentre studies including Bissler study (24
centres in 11 countries) (Bissler 2013 (EXIST 2)), Franz (24 centres
in 10 countries) (Franz 2013 (EXIST 1), French 2016 (99 sites in 25
countries) (French 2016 (EXIST 3)), Koenig 2018 (nine sites in USA
and one in Australia) (Koenig 2018), Krueger study (Massachusetts
and Ohio in USA) (Krueger 2017), Wataya Kaneda (nine sites in
Japan) (Wataya-Kaneda 2018). The Koenig study was carried out in
asingle centre in Texas, USA (Koenig 2012), Both Overwater studies
were run in a single centre in the Netherlands (Overwater 2016;
Overwater 2019), and the earlier Wataya Kaneda study took place
in a single centre in Osaka Japan (Wataya-Kaneda 2017).

Participants

The total number of participants for all 10 included studies was
1008 (484 males and 524 females), and the number of participants
randomised in each study ranged from 23 (Overwater 2016) to
366 (French 2016 (EXIST 3)). Three studies recruited only children
and adolescents (Krueger 2017; Overwater 2016; Overwater 2019),
two studies specified participants should be over the age of 13
(Koenig 2012) or over the age of 18 (Bissler 2013 (EXIST 2)), while
the remaining studies recruited a mix of children and adults with
ages ranging from two years to 65 years. All participants were
diagnosed with: tuberous sclerosis complex (TSC), but different
studies used different criteria. Four studies used the older criteria
(Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); Koenig 2012; Wataya-
Kaneda 2017) and five studies used the new criteria (Koenig 2018;
Krueger 2017; Overwater 2016; Overwater 2019; Wataya-Kaneda
2018), while the criteria were not clear in one study and we
have contacted the study investigators for clarification (French
2016 (EXIST 3)). Two studies additionally required at least one
angiomyolipoma (3 cm or larger in diameter) (Bissler 2013 (EXIST
2); Franz 2013 (EXIST 1); ), two specified at least three isolated facial
angiofibroma (Wataya-Kaneda 2017; Wataya-Kaneda 2018) and one
required visible facial angiofibroma (Koenig 2018). One study stated
participants had treatment-resistant epilepsy (French 2016 (EXIST

3)) while in another participants were experiencing one epileptic
seizure per week and were resistant to at least two antiepileptic
drugs (Overwater 2016). In one study participants had an intelligent
quotient (1Q) below 80 or learning disability or special schooling or
autism spectrum disorder (Overwater 2019).

Interventions
Systemic intervention

Five studies compared oral everolimus to a placebo (Bissler 2013
(EXIST 2); Franz 2013 (EXIST 1); French 2016 (EXIST 3); Krueger
2017; Overwater 2019) and one study compared oral sirolimus
to a placebo (Overwater 2016). One study compared treatments
over a 18-week core phase which was continued for 48 weeks
in an extension phase (French 2016 (EXIST 3)). Three studies
compared treatment periods of six months (Bissler 2013 (EXIST
2); Franz 2013 (EXIST 1); Krueger 2017)), and one of these had an
extension phase of up to four years, if the results of the core phase
favoured everolimus (Franz2013 (EXIST 1)). One study administered
treatment for 12 months (Overwater 2019). In one adult study the
starting dose was 10 mg per day (Bissler 2013 (EXIST 2)), while one
paediatric study started with a dose of 2.5 mg per day (Overwater
2019). Three studies calculated doses in mg/m?2 body surface area
per day and depending on age, with starting doses of 4.5 mg/m2 in
two studies (Franz 2013 (EXIST 1); Krueger 2017), and ranging from
3 mg/m2to 9 mg/m? per day in the third study (French 2016 (EXIST
3)). One study administered an oral solution of sirolimus 1 mg/mL
once daily for 12 months, with dose adjustments made to attain a
trough concentration of 5 ng/mL to - 10 ng/mL (Overwater 2016).
In all studies doses were modified either on the basis of safety
findings (Bissler 2013 (EXIST 2)) or to attain specific blood trough
concentrations;in one study the targeted trough concentration was
5 ng/mL to 15 ng/mL (Franz 2013 (EXIST 1)), in one study it was 5
ng/mL to 10 ng/ml (Overwater 2019), in one study it was 5 mcg/mL
and 15 mcg/mL (Krueger 2017), and in the final study the trough
concentrations ranged from 3 ng/mLl to 7 ng/mL (low trough) to 9
ng/mL to 15 ng/mL (high trough) (French 2016 (EXIST 3)).

Topical intervention

Two studies compared sirolimus with a placebo (Wataya-Kaneda
2017; Wataya-Kaneda 2018). Two studies used sirolimus gel twice
daily for a period of 12 weeks; in the earlier study, three different
concentrations of sirolimus gel (0.05%, 0.1%, 0.2%) were compared
with placebo (Wataya-Kaneda 2017), while in the later study, just
0.2% sirolimus gel was used (Wataya-Kaneda 2018).

Two studies compared topical rapamycin with a placebo for a
period of six months (Koenig 2012; Koenig 2018). In one study
treatment was given at a dose of either 1 mg per 30 cc (0.003%) or
5 mg per 30 cc (0.015%) every morning (Koenig 2012); while in the
second study 1 mL (1 pump) of rapamycin 0.1% (0.03g per 30g) or
1% (0.3g per 30g) was administered topically every day at bedtime
(Koenig 2018).

Outcomes

Two studies reported effects of everolimus on tumour volume
(Bissler 2013 (EXIST 2), Franz 2013 (EXIST 1)). These studies also
reported on tumour response and time for tumour progression.
The types of tumours reported include angiomyolipoma and
subependymal giant cell astrocytoma (SEGA). Six studies reported
on skin lesion response (Bissler 2013 (EXIST 2), Franz 2013 (EXIST
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1), Koenig 2012, Koenig 2018, Wataya-Kaneda 2017,Wataya-Kaneda
2018). Two studies (Bissler 2013 (EXIST 2), Franz 2013 (EXIST 1)) did
not specify the type of skin lesions, while the rest specifically looked
into facial angiofibroma. None of the included studies reported
aneurysm size of angiomyolipoma. Three studies reported on
seizure frequency (Franz 2013 (EXIST 1); French 2016 (EXIST
3);0verwater 2016). The French study also reported on change
from baseline in seizure frequency, frequency of seizure-free days,
and proportion of patients achieving 25% reduction in seizure
frequency from baseline (French 2016 (EXIST 3)). Overwater 2016
also reported on number of patients who responded with 50%
reduction in seizure frequency, seizure severity, and number of
status epilepticus episodes. No studies reported on the ratio of
FEV1/FVC, although the Bissler study reported FEV; level (Bissler
2013 (EXIST 2)). No studies reported creatinine level (mg/dL),
however, one study reported creatinine levels as a dichotomous
data in terms of number of participants with increased or
decreased levels (Bissler 2013 (EXIST 2)). Four studies reported
on other outcomes relevant to patients' well-being such as global
intellectual ability, language, learning and memory, attention,
executive function, processing speed, academic skills, cognitive
development, adaptive behaviour, sensory processing, autistic
features, emotional and behaviour problems, change in full-scale
1Q, performance 1Q, verbal 1Q, change in autistic features, visual
motor integration, fine motor skills, behavioural and emotional
problems, social and communication skills, sleep quality, sensory
processing, quality of life, as well as behavioural and emotional
problems at school (Krueger 2017, Overwater 2016, Overwater
2019, Wataya-Kaneda 2018). All studies reported adverse events
(Bissler 2013 (EXIST 2)Franz 2013 (EXIST 1)French 2016 (EXIST
3), Koenig 2012, Koenig 2018, Krueger 2017, Overwater 2016,
Overwater 2019, Wataya-Kaneda 2017, Wataya-Kaneda 2018).

Excluded studies

Please refer to the Characteristics of excluded studies table.

A total of 68 studies were excluded from this review. Of

these, 46 were either non-randomised or non-controlled
(Bissler 2019; Cabrera 2011; ChiCTR-OPC-14005488; ChiCTR-
OPN-16008236; Cuevas 2012; Dabora 2011; Davies 2008;

Davies 2011; DRKS00005584; EUCTR2007-005978-30-ES;
EUCTR2010-022583-13-DE; Franz 2018; JPRN-UMIN000002844;
JPRN-UMIN000006108; JPRN-UMIN000015114; JPRN-
UMIN000011559; JPRN-UMIN000024270; Kenerson 2002;
Krueger 2010; Krueger 2013a; Krueger 2013b; NCT00457808;
NCT00457964; NCT00490789; NCT00552955; NCT00792766;
NCT01092208; NCT01217125; NCT01266291; NCT01767779;
NCT01780441; NCT01929642; NCT02104011; NCT02201212;
NCT02325505; NCT02451696; NCT02461459; NCT02634931;
NCT02654340; NCT03047213; NCT03213678; NCT03525834;
NCT03649919; Tanaka 2013; Wataya-Kaneda 2015; Zhang 2018).
Two studies mixed people with TSC with people who had other
diagnoses without clear information on how many people

with TSC were included (Gupta 2019; Young 2013). One study
was pharmacokinetic-pharmacodynamic modelling article
(Sallas 2015). A further 19 studies were either case series, case
reports or observational case control (Birca 2010; Foster 2012;
Franz 2006; Herry 2007; Hofbauer 2008; Koenig 2008; Lam 2010;
NCT00001465; NCT00001532; NCT00001975; Pressey 2010; Salido
2012; Sparagana 2010; Staehler 2012; Wataya-Kaneda 2011;
Wataya-Kaneda 2012; Wheless 2013; Wienecke 2006; Yalon 2011).

Risk of bias in included studies

Please refer to Figure 2 and Figure 3.

Figure 2. Risk of bias graph illustrating percentages of each risk of bias item for all ten included studies (Bissler
2013 (EXIST 2), Franz 2013 (EXIST 1), French 2016 (EXIST 3); Koenig 2012; Koenig 2018; Krueger 2017; Overwater
2016; Overwater 2019; Wataya-Kaneda 2017; Wataya-Kaneda 2018).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes
Incomplete outcome data (attrition bias): All outcomes

Selective reporting (reporting bias)

Other bias [N

0% 25%

50% 75%  100%

| [ Low risk of bias

[] Unclear risk of bias

B High risk of bias

Rapamycin and rapalogs for tuberous sclerosis complex (Review)

18

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

Figure 3. Risk of bias graph summarizing review authors' judgements about each risk of bias item for each included
studies (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); French 2016 (EXIST 3); Koenig 2012; Koenig 2018; Krueger 2017;
Overwater 2016; Overwater 2019; Wataya-Kaneda 2017; Wataya-Kaneda 2018).
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Allocation
Sequence generation

Nine studies described the use of a computer-generated random
sequence, and we judged these to have a low risk of bias (Bissler
2013 (EXIST 2); Franz 2013 (EXIST 1); French 2016 (EXIST 3); Koenig
2018; Krueger 2017; Overwater 2016; Overwater 2019; Wataya-
Kaneda 2017; Wataya-Kaneda 2018). We judged the remaining
study to have unclear risk of bias as no process of generating
allocation sequence was described (Koenig 2012).

Allocation concealment

Three studies described the use of interactive inter net-response
systems for allocation concealment and therefore, we judged these
as having low risk of bias for allocation concealment (Franz 2013
(EXIST 1); Overwater 2019; Wataya-Kaneda 2018). A further six
studies described central allocation, and we judged these studies
to also have a low risk of bias for allocation concealment (French
2016 (EXIST 3); Koenig 2012; Koenig 2018; Krueger 2017; Overwater
2016; Wataya-Kaneda 2017).

One study did not describe allocation concealment, and we
therefore graded this as having an unclear risk(Bissler 2013 (EXIST
2)).

Blinding

Six studies gave details on the level of participants and all study
personnel (caregiver, investigator and outcomes assessor) and we
assessed these as having a low risk of both performance bias
and detection bias (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1);
French 2016 (EXIST 3); Koenig 2012; Overwater 2019; Wataya-
Kaneda 2018).

The Koenig 2018 study did not describe the blinding of participants
and study personnel in detail, but clearly described the blinding
of outcome assessors. Therefore,we assessed this as having an
unclear risk of performance bias but a low risk of detection bias
(Koenig 2018).

Conversely, the Krueger 2017 study clearly described the blinding of
participants and study personnel, but did not describe the blinding
of outcome assessors. Thus, we judged the study as having a low
risk of performance bias, but an unclear risk of detection bias
(Krueger 2017).

The Wataya-Kaneda 2017 study described neither the blinding
of participants and study personnel nor of outcome assessors in
detail. Thus, we assessed this study as having an unclear risk of both
performance bias and detection bias (Wataya-Kaneda 2017).

The remaining study had an open-label design and thus the
participants were not blinded. However, study neuropsychologist
and neurophysiologist were masked to treatment. We therefore
assessed this study as having a high risk of performance bias but a
low risk of detection bias (Overwater 2016).

Incomplete outcome data

We judged five studies to have a low risk of attrition bias (Bissler
2013 (EXIST 2); Franz 2013 (EXIST 1); Overwater 2019; Wataya-
Kaneda 2017; Wataya-Kaneda 2018). In the Bissler 2013 study,
efficacy analyses were undertaken on all randomised participants,

and safety analyses were undertaken on all participants who
received at least one dose of the study drug and had at least
one post-baseline assessment. Participants who were not assessed
(either because of dropout or other reasons) were considered as
non-responders (Bissler 2013 (EXIST 2)). In two studies, efficacy
and safety analyses were carried out on all participants (Franz 2013
(EXIST 1); Wataya-Kaneda 2018); and in the remaining two studies,
intention-to-treat (ITT) analyses were performed for both safety
and efficacy analyses (Overwater 2019; Wataya-Kaneda 2017).

We judged three studies to have a high risk of attrition bias (Koenig
2012; Koenig 2018; Krueger 2017). In the earliest study, only 23
out of 28 participants were analysed upon completion of the
intervention; there was no information pertaining to which arms
the dropouts came from and outcomes were only reported as
percentages of participants reporting improvements of their skin
lesions on each arm (Koenig 2012). In the Koenig 2018 study, all
randomised participants were included in the safety analyses while
efficacy analyses were undertaken only on randomised participants
with evaluable photos at both baseline and at least one post-
baseline visit; only 159 out of 179 participants had evaluable
photos and were included in the efficacy analyses. (Koenig 2018).
in the third study only 42 out of 47 participants were analysed
even though the study claimed to have performed an ITT analysis
(Krueger 2017).

We judged two studies to have an unclear risk of attrition
bias (Overwater 2016; French 2016 (EXIST 3)). In the Overwater
study, all participants were included in ITT analyses for efficacy
outcomes; however, the number of participants analysed in the
safety analyses were not stated clearly and ITT analyses were not
mentioned. The French 2016 study did not state the total number
of participants analysed for several outcomes (Overwater 2016;
French 2016 (EXIST 3)).

Selective reporting

Overall, there is a low risk of bias for selective reporting for all 10
studies as in each study all outcomes recorded in the 'Methods'
section were reported in 'Results' section (Bissler 2013 (EXIST 2);
Franz 2013 (EXIST 1); French 2016 (EXIST 3); Koenig 2012; Koenig
2018; Krueger 2017; Overwater 2016; Overwater 2019; Wataya-
Kaneda 2017; Wataya-Kaneda 2018).

Other potential sources of bias

We judged seven studies to have an unclear risk of bias as the
study authors involved in the study design, discussion, research,
oversight of data collection and data analysis and interpretation,
were employees, stock owners or consultants of the funder
(Novartis) (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); French 2016
(EXIST 3); Koenig 2018; Krueger 2017; Overwater 2019; Wataya-
Kaneda 2018).

One study used a cross-over design, which required additional
considerations on potential risk of bias. The choice of cross-
over design may be suitable given the condition (epilepsy) which
is relatively stable. Although it was mentioned that the study
lasted for 12 months, it was unclear how long the follow-up
was for each period. Carry-over effect is unknown as there is
no information about a washout period before the cross-over
occurred. We are currently awaiting confirmation from the author
regarding this information. Data from each period of cross-over
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were not available. We are therefore unable to perform paired
analysis and compare the results with the other parallel-group
trials, until further information from the trial authors (Overwater
2016).

No other potential source of bias was identified from the remaining
two studies, and we judged these to have a low risk of bias (Koenig
2012; Wataya-Kaneda 2017).

Effects of interventions

See: Summary of findings 1 Summary of findings for systemic
administration of rapalogs; Summary of findings 2 Summary of
findings for topical administration of rapamycin

The certainty of the evidence has been graded for those outcomes
included in the summary of findings tables. For the definitions
of these gradings, please refer to the summary of findings tables
(Summary of findings 1; Summary of findings 2). We included a
total of 10 studies (1008 participants) (Bissler 2013 (EXIST 2); Franz
2013 (EXIST 1); French 2016 (EXIST 3); Koenig 2012; Koenig 2018;
Krueger 2017;0verwater 2016; Overwater 2019; Wataya-Kaneda
2017; Wataya-Kaneda 2018 ).

Systemic administration of rapamycin or rapalogs versus
placebo

Six studies (703 participants) reported on this comparison (Bissler
2013 (EXIST 2); Franz 2013 (EXIST 1); French 2016 (EXIST 3); Krueger
2017; Overwater 2016; Overwater 2019).

Primary outcome
1. Tumour size

Two studies reported the response of tumour size to oral
administration of everolimus in terms of a reduction in the total
volume of tumours to 50% or more relative to baseline (Bissler
2013 (EXIST 2); Franz 2013 (EXIST 1)). The results were presented as
dichotomous data as the number of participants experiencing this
event in both the treatment and placebo groups.

1.1. Angimyolipoma

Bissler reported that 33 out of 79 participants showed at least a 50%
reduction in the size of angiomyolipoma in the treatment group
versus none out of 39 in the placebo group (Bissler 2013 (EXIST
2)). Franz reported response to the size of renal angiomyolipomas;
16 out of 30 participants in treatment group versus none of 14 in
placebo group showed at least a 50% reduction in angiomyolipoma
size (Franz 2013 (EXIST 1)). Our meta-analysis showed that a
significant proportion of participants achieved a 50% reduction
in angiomyolipoma size within the treatment arm (risk ratio (RR)
24.69, 95% confidence interval (Cl) 3.51 to 173.41; 2 studies, 162
participants; high-certainty evidence; Analysis 1.1).

Given both studies followed intention-to-treat (ITT) principle, it
should be noted that 5 of 79 participants in the Bissler study had
sporadic lymphangioleiomyomatosis (without: tuberous sclerosis
complex (TSC)). We remain unable to separate them from the
analysis after an attempt to contact the trial author (Bissler 2013
(EXIST 2)).

1.2. Subependymal giant cell astrocytoma (SEGA)

One study reported a 50% reduction of SEGA volume in, a
statistically significant, 27 out of 78 participants in the treatment
group versus none out of 38 participants in the placebo group (RR
27.85, 95% Cl 1.74 to 444.82; 1 study, 117 participants; moderate-
certainty evidence; Analysis 1.1) (Franz 2013 (EXIST 1).

Secondary outcomes
1. Response to skin lesions

Two studies administered everolimus orally and reported the
response to skin lesions. However, the trial authors have
not responded to our queries regarding their definition of
'response’ (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1)).

Bissler reported 20 participants with a response to skin lesions
out of 77 participants in the treatment group as compared to no
participants among 37 participants in the placebo group (Bissler
2013 (EXIST 2)). Franz reported 30 participants with a response
to skin lesions out of 72 participants in the treatment group as
compared to four out of 38 participants in placebo group (Franz
2013 (EXIST 1)). Of note, all skin lesion responses were reported
as incomplete during the core phase period in Franz 2013 (EXIST
1) study. We analysed the data from these two studies and found
that the proportion of participants who showed a skin response
was significantly increased in the treatment arms (RR 5.78, 95% ClI
2.30 to 14.52; 2 studies, 224 participants; high-certainty evidence;
Analysis 1.2).

2. Creatinine level (mg/dL)

One study reported creatinine levels in terms of number of
participants with increased or decreased levels (dichotomous data)
(Bissler 2013 (EXIST 2)). One out of 79 participants in treatment
group versus three out of 39 participants in placebo group had
increased blood creatinine levels. This study showed no difference
between treatment groups (RR 0.16, 95% CI 0.02 to 1.53; 1 study,
118 participants; moderate-certainty evidence; Analysis 1.3).

3. Frequency of seizure

Three studies report on seizure frequency (Franz 2013 (EXIST 1);
French 2016 (EXIST 3); Overwater 2016), but we were only able to
analyse data from one of these studies (French 2016 (EXIST 3)). One
study had a cross-over study design and we can not include data
in the analysis until we obtain data from the first period prior to
crossing the arms (Overwater 2016). Another study reported the
median change of seizure frequency between baseline and week
24; however, a large proportion of participants did not experience
seizures at baseline (Franz 2013 (EXIST 1)).

Using an ITT analysis, French reported that 11 out of 247
participants showed seizure-free (100% reduction) rate in the
treatment group versus 1 out of 119 in the placebo group. (French
2016 (EXIST 3)). This study showed there was no difference shown
between treatment and placebo (RR 5.30, 95% Cl 0.69 to 40.57; 1
study, 366 participants; moderate-certainty evidence; Analysis 1.4).

Nevertheless, when considering a 50% reduction of seizure
frequency, French reported that 85 out of 247 participants showed
over 50% reduction in seizure frequency in the intervention
group versus 18 out of 119 in the placebo group which is
significant (RR 2.28 (95% Cl 1.44 to 3.601 study, 366 participants;
moderate-certainty evidence; Analysis 1.4) (French 2016 (EXIST 3)).
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Conversely, results reported at the end of the cross-over study for
this outcome show no difference between groups, RR 1.50 (95% ClI
0.64 to 3.53), with nine out of 23 participants experiencing a greater
than 50% reduction during the sirolimus period as compared to six
out of 23 participants during standard care only period (Overwater
2016) (moderate-certainty evidence).

Similarly, regarding a 25% reduction of seizure frequency, French
reported that 152 out of 247 participants in intervention group
showed over 25% decrease in seizure frequency versus 45 out of 119
participants from placebo group which is statistically significant
(RR 1.63, 95% CI 1.27 to 2.09; 1 study, 366 participants; moderate-
certainty evidence; Analysis 1.4) (French 2016 (EXIST 3).

All three studies reported seizure frequency as continuous
outcomes (Franz 2013 (EXIST 1); French 2016 (EXIST 3); Overwater
2016). French reported seizure frequency in terms of the median
seizure frequency and higher percentage reduction of seizure
frequency in treatment group as compared to placebo group
(French 2016 (EXIST 3)). The authors reported that the median
(range) seizure frequency of at 18 weeks (end of the core phase) was
8.5 seizures per week (0 to 217.7 seizures) in the placebo group, 6.8
seizures per week (0 to 193.5 seizures) in the low-exposure group
(everolimus trough level 3 ng/mL to 7 ng/mL), and 4.9 seizures
per week (0 - 133.7 seizures) in high-exposure group (everolimus
trough level 9g/mL to 15 ng/mL). However, we are unable to analyse
this result until we obtain data on the mean seizure frequency in
each arm. To date we have received no response to our request
for data.LFranz reported the median change of seizure frequency
between baseline and at week 24; however, a large proportion of
participants did not experience seizures at baseline (Franz 2013
(EXIST 1)). The study reported sensitivity analyses on the subset of
participants who had at least one seizure at baseline. Investigators
reported that the placebo group had a higher median in the
baseline of seizure frequency at baseline (11 in 24 hours) compared
to the treatment group (5.9 in 24 hours). The median change at 24
weeks was -4.1in 24 hours (95% CI-10.9 to 5.8) in the placebo group
versus -2.9 in 24 hours (95% Cl -4.0 to t01.0) in the treatment group
(moderate-certainty evidence) (Franz 2013 (EXIST 1)). To date we
have received no response to our attempt to obtain data from the
study investigators on mean seizure frequency in each treatment
arm.

Overwater reported 41% less frequent seizure during the sirolimus
period as compared to standard care period (95% Cl -69% to 14%; P
=0.11) in the ITT analysis. However, we are unable to analyse these
results until we obtain data on the mean seizure frequency in of
each treatment arm from both study periods (Overwater 2016). We
have had no response to our request for data on the mean seizure
frequency and the number of responders in each arm from both
study periods.

4. Aneurysm size for angiomyolipomas (any unit of analysis found)

None of the included studies reported aneurysm size for
angiomyolipomas (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1);
French 2016 (EXIST 3); Krueger 2017; Overwater 2016; Overwater
2019).

5. FEV,;/FVC ratio

No study reported analysable data for FEV; / FVC ratio. Bissler
reported only median values at baseline and week 24 for FEV;. At

baseline, the median values of FEV; were 2.9 L in the treatment
group versus 2.7 L in the placebo group, while at week 24,
the median values for both groups were 2.7 L. For the subset
of participants with lymphangioleiomyomatosis and sporadic
lymphangioleiomyomatosis, the median percentage change of
FEV; in the treatment arm (in 24 out of 79 participants) was -1%,
while in the placebo arm (10 out of 39 participants) this was -4%
(Bissler 2013 (EXIST 2).

6. Other outcomes relevant to participants' well-being

Three studies reported multiple assessments on the category of
outcomes related to neurocognitive, neuropsychiatry, behavioural,
sensory and motor development (Krueger 2017; Overwater 2016;
Overwater 2019).

Krueger reported that no assessment showed an effect of
treatment, except for attention and executive function (based
on Stockings of Cambridge - Cambridge Neuropsychological Test
Automated Battery (CANTAB)) and social cognition (based on Social
Responsiveness Scale (SRS)). Attention and executive function was
reported to improve in the placebo group, while social cognition
was reported to improve in the everolimus group (Krueger 2017).
The study reported that the placebo group did indeed have a better
score for attention and executive function at six months compared
to the everolimus group (mean difference (MD ) -1.26, 95%Cl -2.03
to -0.49; P =0.001; 1 study, 42 participants; low-certainty evidence;
Analysis 1.5). However, the study failed to show difference in social
cognition at six months in the everolimus group compared to the
placebo group (MD -4.98, 95%ClI -17.34 to 7.38; P = 0.43; 1 study, 42
participants; low-certainty evidence; Analysis 1.6).

The earlier Overwater study reported no significant differences in
cognitive or motor development, behavioral problems, adaptive
behaviour, or sensory processing were identified between oral
sirolimus and standard care (Overwater 2016). We have received no
response to our request for mean score of the scales from each arm
in both study periods.

The later Overwater study reported 1Q, autistic features, visual
motor integration, behavioural and emotional problems (in
and out of school), social dysfunctioning and autistic features,
communication skills, sleep quality, sensory processing, quality
of life, as well as memory and executive functioning where
the investigators found no differences between the placebo and
everolimus groups (Overwater 2019).

7. Adverse events or toxicity

We analysed adverse events in three subgroups: any adverse
event; adverse events leading to dose reduction, interruption or
withdrawal; and severe adverse events. It is of note that these three
subgroups might overlap. All included studies reported adverse
events during the course of each study but none were definitely
related to treatment (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1);
French 2016 (EXIST 3); Krueger 2017; Overwater 2016; Overwater
2019).

7.1. Any adverse event

Five studies reported any adverse events regardless of severity.
They used the National Cancer Institute Common Terminology
Criteria for Adverse Events version 3.0 (CTCAE v3.0) (Bissler 2013
(EXIST 2), Franz 2013 (EXIST 1), Krueger 2017, Overwater 2019) or
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version 4.03 (French 2016 (EXIST 3)). The 2019 Overwater 2019 also
used the WHO Adverse Reaction Terminology (Overwater 2019).

Most adverse events were grade 1 or 2. The most common adverse
events in the Franz study were mouth ulceration, stomatitis,
convulsion and pyrexia (Franz 2013 (EXIST 1)), and in the Bissler
study were nasopharyngitis, acne-skin lesions, headache, cough
and hypercholesterolaemia (Bissler 2013 (EXIST 2)). For French
2016 (EXIST 3), common adverse events include stomatitis,
diarrhoea, nasopharyngitis, pyrexia, and upper respiratory tract
infection. Krueger 2017 reported gastrointestinal complaints,
primarily ~ stomatitis, infections, neurological complaints
(headache) and respiratory adverse events (cough). Lastly
Overwater 2019 outlined gastrointestinal adverse events, upper
respiratory tract infection, aphthous ulcers, acne-like skin lesions,
headache, eczema, haemorrhagic disorders, aphthous ulcers were
the common adverse events. Krueger 2017 categorised adverse
events into those of cardiac, dermatologic, gastrointestinal,
general, genitourinary, haematological, infectious, metabolic,
musculoskeletal, neurologic, psychiatric, respiratory, and
unspecified.

Only one of the studies reporting the number of participants
experiencing at least one adverse event showed a difference
between groups and demonstrated that more participants in the
placebo group experienced more adverse events than in the
treatment group (RR 1.21, 95% Cl 1.09 to 1.34) (French 2016 (EXIST
3)); however when combined with the other studies, the pooled
data showed no difference between treatment and placebo groups
(RR 1.09, 95% CI1 0.97 to 1.22; 5 studies, 680 participants; moderate-
certainty evidence; Analysis 1.7).

Table 1 summarises adverse events from 404 participants in the
treatment arm and 197 participants in the placebo arm from three
studies (Bissler 2013 (EXIST 2);Franz 2013 (EXIST 1); French 2016
(EXIST 3)). There were no reports on particular adverse events from
two studies (Krueger 2017; Overwater 2019).

7.2 Adverse events leading to dose reduction, interruption or
withdrawal

Five studies using systemic administration reported adverse events
leading to a clinical decision of dose reduction, interruption or
withdrawal (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1); French
2016 (EXIST 3); Overwater 2016; Overwater 2019). However, due to
cross-over study design, we can not include data from one study
until we obtain data from the first period prior to crossing the arms
(Overwater 2016).

Two out of the four studies reported that significantly more
participants in the intervention arm experienced more adverse
events leading to dose reduction, interruption or withdrawal
(Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1)), while in two studies
there was no difference between groups (French 2016 (EXIST 3);
Overwater2019). When we pooled the data from all four studies, we
observed more participants experiencing adverse events leading to
a clinical decision of dose reduction, interruption or withdrawal in
the treatment group than the placebo group (RR2.61,95% CI 1.58 to
4.33; 4 studies, 633 participants; high-certainty evidence; Analysis
1.7).

The cross-over study reported that five participants discontinued
sirolimus due to adverse events by the end of the study
(Overwater 2016). These included aphthous ulcers in two children,

pneumonia requiring hospitalisation, upper respiratory tract
infection, and increased seizure frequency. Excluding the increased
seizure frequency, all adverse events subsided after sirolimus was
discontinued.

7.3. Severe adverse events

Severe adverse events were reported by three studies which
administered everolimus or sirolimus orally (French 2016 (EXIST 3);
Krueger 2017; Overwater 2016). As already stated above, due to the
cross-over study design, we can not include data from one study
until we obtain data from the first period prior to crossing the arms
(Overwater 2016).

The larger study reported that 52 out of 247 participants in the
treatment group experienced severe adverse events versus 13 out
of 119 participants from the placebo group (French 2016 (EXIST
3)). Severe adverse events (AEs) included stomatitis, neutropenia,
pneumonia and irregular menstruation; but no deaths were
reported during the core phase (French 2016 (EXIST 3)). The smaller
study reported that outlined that 13 out of 32 participants in the
intervention group and one out of 15 participants in the placebo
group experienced severe adverse events such as pneumonia,
pyelonephritis and behavioural or personality changes (Krueger
2017). When pooled, data from the two studies showed that while
there is a tendency towards a higher risk of severe adverse events
in the treatment group, there is no statistical difference in risk
between groups (RR 2.35, 95% Cl 0.99 to 5.58; 2 studies, 413
participants; high-certainty evidence; Analysis 1.7).

The cross-over study stated that five out of 23 participants during
the sirolimus period reported serious adverse events compared
to two out of 23 participants during the placebo period; the
severe adverse events included upper respiratory tract infection,
pneumonia, otitis media and anorexia (Overwater 2016).

Topical administration of rapamycin or rapalogs versus
placebo

Four studies with a total of 305 participants are included in
this comparison (Koenig 2012; Koenig 2018; Wataya-Kaneda 2017;
Wataya-Kaneda 2018).

Primary outcome
1. Tumour size

No studies reported on tumour size.

Secondary outcomes
1. Response to skin lesions
1.2.1 Improvement in any skin lesion

One study which administered rapamycin topically (skin
application) reported a defined response to skin lesions as
measured based on the participants' perception of their skin
condition (Koenig 2012). The study author provided data showing
that 11 out of 15 participants in the treatment group reported
improved skin lesions after treatment versus three out of eight
participants in the placebo group (Koenig 2012). A second
study which also administered topical rapamycin assessed the
intervention effects on skin lesions via photo readers’ rating of
paired baseline and end-of-trial photographs for each participant.
Investigators reported that 83 out of 113 participants from the
treatment group showed improvement on skin lesion (facial
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angiofibroma) compared to 13 out of 51 participants from the
placebo group (Koenig 2018). Our meta-analysis showed a greater
number of participants in the intervention group reporting an
improvement in skin lesions (RR at 2.72, 95% Cl 1.76 to 4.18;
P < 0.00001; 2 studies, 187 participants; high-certainty evidence;
Analysis 2.1).

1.2.2 Deterioration in any skin lesion

One study which administered topical rapamycin reported on
whether skin lesions were worse after the intervention (Koenig
2018). Investigators found that 14 out of 113 participants in
the treatment group experienced a deterioration in skin lesions
compared to 23 out of 51 participants in the placebo group, with
the result still favouring the use of rapamycin (RR 0.27, 95% CI 0.15
to 0.49; 1 study, 164 participants; high-certainty evidence; Analysis
2.2).

1.2.3 Angiofibroma

Three studies reported angiofibroma response to treatment
(Koenig 2018; Wataya-Kaneda 2017; Wataya-Kaneda 2018).

The three-arm study by Koenig applied the Angiofibroma Grading
Scale (AGS) and investigators reported that at six months the
mean improvement for the 1% rapamycin group (54 participants
analysed) was 16.7 points compared with 11.0 points for the 0.1%
rapamycin (54 participants analysed) and 2.1 points for vehicle only
(placebo) group (49 participants analysed); P < 0.001 for 1% and
0.1% compared to vehicle only (Koenig 2018). However, we are
unable to analyse the results (hence certainty of the evidence) until
we obtain the corresponding standard deviations (SDs). To date we
have not received a response from the authors to our request for
the data.

The Wataya-Kaneda 2018 study administered topical sirolimus and
reported response to facial angiofibroma. At both time points,
data showed an improvement with treatment, despite wide Cls;
at over one and up to three months investigators reported an
improvement in facial angiofibroma in 13 participants out of 30 in
the treatment group compared to no participants out of 32 in the
placebo group, RR 28.74 (95% CI 1.78 to 463.19); and at over three
and up to six months, investigators reported an improvement in
facial angiofibroma in 18 out of 30 participants in the treatment
group compared to none of the 32 participantsin the placebo group
(RR 39.39, 95% Cl 2.48 to 626.00; 1 study, 62 participants; low-
certainty evidence; Analysis 2.1).

The third study reported the mean change in treatment response
(with a score of 1 showing remarkable improvement up to 5
showing worse condition, such that a decrease in numerical
values shows an improvement) (Wataya-Kaneda 2017). In the
paediatric group, investigators reported a significant improvement
with sirolimus compared to placebo (MD -1.50, 95% Cl -2.64 to -0.36;
1study, 18 participants; moderate-certainty evidence; Analysis 2.3);
but in the adult group, there was no difference between groups
(MD -0.75, 95% Cl -1.58 to 0.08; 1 study, 18 participants; moderate-
certainty evidence; Analysis 2.3). The combined result, showed a
significant improvement with treatment (MD -1.01, 95% Cl -1.68
to -0.34; 1 study, 36 participants; moderate-certainty evidence;
Analysis 2.3).

1.2.4 Cephalic plaques

The Wataya-Kaneda 2018 study reported the response in cephalic
plaques at the same time points as for the previous outcome
measures. At over one and up to three months, the study reported
an improvement in cephalic plaques in four out of 13 participants
in the intervention group versus none of the 16 participants in
the placebo group; but this result did not show a difference
between groups when analysed (RR 10.93, 95% Cl 0.64 to 186.08;
1 study, 29 participants; low-certainty evidence; Analysis 2.1). At
over three an up to six months, the study reported an improvement
in cephalic plaques in six out of 13 participants in the treatment
group compared to one out of 16 participants from placebo group;
showing a borderline improvement with treatment (RR 7.38, 95%
Cl 1.01 to 53.83; 1 study, 29 participants; low-certainty evidence;
Analysis 2.1).

2. Creatinine level (mg/dL)

No study reported creatinine levels (Koenig 2012; Koenig 2018;
Wataya-Kaneda 2017; Wataya-Kaneda 2018).

3. Frequency of seizure

No study reported on the frequency of seizure (Koenig 2012; Koenig
2018; Wataya-Kaneda 2017; Wataya-Kaneda 2018).

4. Aneurysm size for angiomyolipomas (any unit of analysis found)

None of the included studies reported aneurysm size for
angiomyolipomas (Koenig 2012; Koenig 2018; Wataya-Kaneda
2017; Wataya-Kaneda 2018).

5. FEV, [ FVC ratio

No study reported on FEV/FVC ratio (Koenig 2012; Koenig 2018;
Wataya-Kaneda 2017; Wataya-Kaneda 2018).

6. Other outcomes
6.1. Quality of Life

Quality of life was reported by two studies (Koenig 2018; Wataya-
Kaneda 2018).

Koenig reported that there was no treatment effect on quality
of life; however, we are unable to analyse these results (hence
certainty of the evidence) ourselves until we obtain detailed data
on the mean scores of each treatment arm for each of the
questionnaires used Dermatology Life Quality Index (DLQI), Child
Dermatology Life Quality Index (CDLQI) and Family Dermatology
Life Quality Index (FDLQI) (Koenig 2018). To date we have received
no response to our request for the data.

The second study also used two of the same questionnaires (DLQI
and CDLQI) and combined them to assess quality of life (Wataya-
Kaneda 2018). Investigators reported no difference in the mean
change in score between the sirolimus and placebo groups (MD
0.30, 95%Cl -1.01 to 1.61; 1 study, 62 participants; low-certainty
evidence; Analysis 2.4).

6.2. Satisfaction

Wataya-Kaneda 2017 reported the mean of satisfaction amongst
participants at 12 weeks (with a score of 1 showing extreme
satisfaction up to 5 showing extreme dissatisfaction, such that a
decrease in numerical values shows better satisfaction). In the child
group, participants were more satisfied with sirolimus (MD 1.50,
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95% Cl2.69t0 0.31; 1 study, 18 participants; low-certainty evidence;
Analysis 2.5). In adult group, however, difference in satisfaction
was not observed (MD 0.25, 95% CI 1.52 to -1.02; 1 study, 18
participants; low-certainty evidence; Analysis 2.5). Overall results
for satisfaction were significant (MD 0.92, 95%Cl 1.79 to 0.05; 1
study, 36 participants; low-certainty evidence; Analysis 2.5).

7. Adverse events or toxicity

Our review analysed adverse events in three subgroups i.e.
any adverse event, adverse events leading to dose reduction,
interruption or withdrawal and severe adverse events. It is of note
that the three subgroups might overlap. Three included studies
reported adverse events during the course of each study but
none were definitely related to treatment (Koenig 2018; Wataya-
Kaneda 2017; Wataya-Kaneda 2018). However, one study showed
29 out of 122 participants in treatment group experienced at least
one drug-related adverse event compared to only 6 out of 57
participantsin the placebo group (Koenig 2018). We analysed these
data by grouping them under any adverse event data which is not
necessarily confined to drug-related adverse events.

7.1. Any adverse event

Three studies of topical administration reported adverse events
(Wataya-Kaneda 2017; Wataya-Kaneda 2018; Koenig 2018). Our
meta-analysis showed a higher risk of participants in the treatment
arm experiencing an adverse event (RR 1.72, 95% CI 1.10 to 2.67;
3 studies, 277 participants; moderate-certainty evidence; Analysis
2.6).

One study reported 72 out of 122 participants in the treatment
group and 17 out of 57 in the placebo group experienced an adverse
event, these included pain, pruritus and acne at application sites
(Koenig 2018). Authors clarified that nearly all adverse events
were mild, and there were no drug-related serious events or drug-
related moderate or severe events. No apparent hypersensitivity or
allergic-type adverse events were reported.

The Wataya-Kaneda 2017 study reported adverse events, including
mild to moderate dryness without sign of inflammation and
irritation, in 20 out of 24 participants in the treatment group and
4 out of 12 participants in the control group; it is of note that
investigators detected low-level systemic absorption of rapamycin
in some of the participants (Wataya-Kaneda 2017).

The third study also reported mild to moderate skin dryness,
application site irritation, and pruritus, which occurred in 27 out
of 30 participants in the treatment group versus 22 out of 32
participants in the placebo group (Wataya-Kaneda 2018).

7.2 Adverse events leading to dose reduction, interruption or
withdrawal

None of the studies in this comparison reported adverse events that
led to dose reduction, interruption or withdrawal from the study
(Koenig 2012; Koenig 2018; Wataya-Kaneda 2017; Wataya-Kaneda
2018).

7.3. Severe adverse events

The Koenig 2012 study reported that one participant from the
treatment group experienced a serious adverse event, albeit
unrelated to the study treatment. The participant aspirated during
a seizure and developed pneumonia, which progressed to septic
shock. The rapamycin concentrations were undetectable at the

time of hospital admission, and the participant was immediately
withdrawn from the study. This study did not list specific adverse
events in the participants; however, the authors reported that there
were no serious adverse events related to the study product and
there was no detectable systemic absorption of the rapamycin
during the study period (Koenig 2012).

The later study by the same investigators reported severe adverse
events in five out of 122 participants in the treatment group and
3 out of 57 participants in the placebo group (Koenig 2018). Two
participants were withdrawn from this study owing to an adverse
event, only one of which was a suspected drug reaction (mild
application site cutaneous eruption). However, when analysed
there is no difference between groups in the risk of severe adverse
events (RR 0.78, 95% CI 0.19 to 3.15; 1 study, 179 participants;
moderate-certainty evidence; Analysis 2.6).

DISCUSSION

Summary of main results

For this 2022 update of the review update, we have added seven
new included studies which brings in additional 737 participants
(French 2016 (EXIST 3); Koenig 2018; Krueger 2017, Overwater 2016;
Overwater 2019; Wataya-Kaneda 2017; Wataya-Kaneda 2018). In
this update we have additionally reported on neuropsychiatric
outcomes as well as collecting and analysing data on seizure
frequency, which were not reported in the previous review version.
We have analysed results for systemic and topical administration of
treatment separately.

Systemic administration

Six studies (703 participants) reported on this comparison (Bissler
2013 (EXIST 2); Franz 2013 (EXIST 1); French 2016 (EXIST 3); Krueger
2017; Overwater 2016; Overwater 2019). We have summarised our
findings Summary of findings 1. In the current update, we are now
able to present data on response to tumour size, response to skin
lesions, creatinine level, and FEV{/FVC ratio.

More participants with angiomyolipoma who received oral
everolimus (a rapalog) had at least a 50% reduction in tumour
size compared to those receiving placebo at six months (risk ratio
(RR) 24.69, 95% confidence interval *(Cl) 3.51 to 173.41; P = 0.001;
2 studies, 162 participants; high-certainty evidence; Analysis 1.1)
(Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1)). Similarly, more
participants with subependymal giant cell astrocytoma (SEGA) who
received oral everolimus (rapalog) had at least a 50% reduction in
tumour volume compared to those receiving placebo at six months
(RR 27.85, 95% CI 1.74 to 444.82; P = 0.94; 1 study, 117; moderate-
certainty evidence; Analysis 1.1) (Franz 2013 (EXIST 1)).

These two studies also reported an increased chance of showing a
response to skin lesions with oral everolimus at six months (RR5.78,
95% Cl 2.30 to 14.52; P = 0.0002; 2 studies, 224 participants; high-
certainty evidence; Analysis 1.2) (Bissler 2013 (EXIST 2); Franz 2013
(EXIST 1)).

One study reported an effect of oral everolimus on serum
creatinine, where results showed no difference in levels of serum
creatinine at six months (RR 0.16, 95% Cl 0.02 to 1.53; P =0.11; 1
study, 118 participants; moderate-certainty evidence; Analysis 1.3)
(Bissler 2013 (EXIST 2)).
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Three studies reported on seizure frequency (Franz 2013 (EXIST
1); French 2016 (EXIST 3); Overwater 2016), but only one study
provided data for analysis (French 2016 (EXIST 3)). This study
did not show any difference in the number of participants who
were seizure-free at 18 weeks (RR 5.30, 95% Cl 0.69 to 40.57; P =
0.11; 1 study, 366 participants; high-certainty evidence; Analysis
1.4). One of the other studies reported the median change of
seizure frequency between baseline and week 24; investigators
may have reported results in this way because the data for this
outcome were skewed (i.e. most participants might have had
experienced a few seizures but a small number of participants
may have experienced many) which will change the distribution
of the data (the median would be a more appropriate statistic to
use in this case) (Franz 2013 (EXIST 1)). Reporting showed a large
proportion of participants did not experience seizures at baseline.
Moreover, participants were selected for the study based on the
need for treatment of subependymal giant cell astrocytomas rather
than presence of seizures (Franz 2013 (EXIST 1)). One study had a
cross-over design and did not report separate data from the first
period (Overwater 2016). We identified differences in the number
of participants with a 25% and 50% reduction in seizure frequency
from one study (French 2016 (EXIST 3)). This study showed that
participants had at least a 25% decrease in seizure frequency with
the intervention compared to placebo (RR 1.63, 95% CI 1.27 to
2.09; P =0.0001; 1 study, 366 participants; high-certainty evidence;
Analysis 1.4) and at least a 50% reduction with the intervention
compared to placebo (RR 2.28, 95% CI 1.44 to 3.60; P = 0.0004;
1 study, 366 participants; high-certainty evidence; Analysis 1.4)
(French 2016 (EXIST 3)).

None of the included studies reported aneurysm size for
angiomyolipomas.

One study reported on FEV; / FVC ratio, but with no
analysable data (Bissler 2013 (EXIST 2)). For a subset
of participants with lymphangioleiomyomatosis and sporadic
lymphangioleiomyomatosis, investigators reported that the
median percentage reduction in FEV; was greater in the placebo
group thanin the oral everolimus group after 24 weeks (Bissler 2013
(EXIST 2)).

Three studies reported multiple assessments of outcomes related
to neurocognitive, neuropsychiatry, behavioural, sensory and
motor development, but none showed any effect of oral everolimus
(Krueger 2017; Overwater 2016; Overwater 2019).

Five studies reported adverse events (Bissler 2013 (EXIST 2); Franz
2013 (EXIST 1); French 2016 (EXIST 3), Krueger 2017, Overwater
2019). We found no difference in the risk of having any adverse
event between participants receiving oral everolimus and those
receiving placebo (RR 1.09, 95% Cl 0.97 to 1.22; P = 0.16; 5 studies,
680 participants; high-certainty evidence; Analysis 1.7). However,
one large study comprising more than half of the participantsin this
analysis clearly showed a higher risk of at least one adverse event
among participants receiving oral everolimus (RR 1.21, 95% CI 1.09
to 1.34; 1 study, 366 participants; Analysis 1.7) (French 2016 (EXIST
3)).

Four studies reported on adverse events resulting in withdrawal, an
interruption in treatment, or a reduction in dose level and showed
that these events were higher in the oral everolimus group (RR
2.61, 95% CI 1.58 to 4.33; 4 studies, 633 participants; P = 0.0002;

high-certainty evidence; Analysis 1.7) (Bissler 2013 (EXIST 2), Franz
2013 (EXIST 1), French 2016 (EXIST 3), Overwater 2019). Two studies
reported on severe adverse events (French 2016 (EXIST 3), Krueger
2017). Data showed no difference between groups, but there were
more severe adverse events among participants receiving oral
everolimus compared to those receiving placebo, which almost
reached statistical significance (RR 2.35, 95% Cl 0.99 to 5.58; 2
studies, 413 participants; high-certainty evidence; Analysis 1.7).

Nevertheless, these are adverse events of which correlation to the
treatment per se is not certain.

Topical administration

Four studies with a total of 305 participants are included in
this comparison (Koenig 2012; Koenig 2018; Wataya-Kaneda 2017;
Wataya-Kaneda 2018). We have summarized the findings Summary
of findings 2.

No studies reported on tumour size. However, we observed
that participants receiving topical rapamycin compared placebo
showed improvements in any skin lesions (RR 2.72, 95% Cl 1.76
to 4.18; P < 0.00001; 2 studies, 187 participants; high-certainty
evidence; Analysis 2.1) as well as facial angiofibroma at one to
three months (RR 28.74, 95% Cl 1.78 to 463.19; P = 0.02; 1 study,
62 participants; Analysis 2.1) and at three to six months (RR 39.39,
95% Cl 2.48 t0 626.00; P =0.009; 1 study, 62 participants; moderate-
certainty evidence; Analysis 2.1). Three studies reported similar
tendencies in cephalic plaques (Koenig 2012; Koenig 2018; Wataya-
Kaneda 2018), but the results were not statistically significant at
three months (RR 10.93, 95% Cl 0.64 to 186.08; P = 0.10; 1 study, 29
participants; moderate-certainty evidence; Analysis 2.1) and barely
so at three to six months (RR 7.38, 95% Cl 1.01 to 53.83; P =0.05; 1
study, 29 participants; moderate-certainty evidence; Analysis 2.1).
Similarly, we also observed that participants receiving placebo
experienced a deterioration in skin lesions at six months (RR 0.27,
95% Cl 0.15 to 0.49; P < 0.0001; 1 study, 164 participants; high-
certainty evidence; Analysis 2.2) (Koenig 2018).

Participants receiving topical rapamycin experienced significantly
better general improvement in terms of their facial angiofibromas,
compared to those receiving placebo (RR -1.01, 95% Cl -1.68
to -0.34; P = 0.003; 1 study, 36 participants; moderate-certainty
evidence; Analysis 2.3), although such tendency was barely
significant for the adult group.

No study in this comparison reported on creatinine levels,
frequency of seizure, aneurysm size, or FEV{/FVC ratio.

Two studies reported on quality of life (Koenig 2018; Wataya-
Kaneda 2018), but only one provided analysable data (Wataya-
Kaneda 2018). We found no difference in the mean change in
score between the sirolimus and placebo groups at six months (MD
0.30, 95%Cl -1.01 to 1.61; P = 0.65; 1 study, 62 participants; low-
certainty evidence; Analysis 2.4). Only children receiving topical
rapamycin reported better satisfaction at 12 weeks and not the
adult participants (Wataya-Kaneda 2017); however, combined data
showed better satisfaction with topical rapamycin (MD -0.92, 95%
Cl -1.79 to -0.05; P = 0.04; 1 study, 36 participants; high-certainty
evidence; Analysis 2.5).

Three studies reported on adverse events (Koenig 2018; Wataya-
Kaneda 2017; Wataya-Kaneda 2018). We observed that participants
receiving topical rapamycin showed higher risks of having any
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adverse events compared to those receiving placebo (RR 1.72, 95%
Cl 1.10 to 2.67; P = 0.02; 3 studies, 277 participants; moderate-
certainty evidence; Analysis 2.6). None of the studies in this
comparison reported adverse events that led to dose reduction,
interruption or withdrawal from the study (Koenig 2012; Koenig
2018; Wataya-Kaneda 2017; Wataya-Kaneda 2018). There was no
difference between groups in the risk of having severe adverse
events (RR 0.78, 95% Cl 0.19 to 3.15; P = 0.73; 1 study, 179
participants; moderate-certainty evidence; Analysis 2.6).

Overall completeness and applicability of evidence

We identified 10 studies meeting our inclusion criteria and
including outcomes of interest to this review. Seven of these studies
were newly included in the current review update.

However, the objective of correlating intervention to adverse
effects was not satisfactorily met, as most of the manifestations
were observed as adverse events and not specifically treatment-
related adverse effects. It should be noted that small proportions
of the participants (five of 162) analysed for renal angiomyolipoma
have sporadic lymphangioleiomyomatosis (withoutTSC).

Quality of the evidence

We judged all 10 included studies to generally have a low
risk of bias. One study had a high risk of performance bias
with no blinding of participants (Overwater 2016), and three
studies had a high risk of attrition bias with 17.9% participant
attrition (Koenig 2012), and exclusion of 11.2% (Koenig 2018)
and 10.6% (Krueger 2017) participants from their final analyses.
Some information is lacking from the study authors to judge
the level of potential bias for: generation of sequence (Koenig
2012); allocation concealment (Bissler 2013 (EXIST 2); blinding of
participants and personnel (Koenig 2018; Wataya-Kaneda 2017);
blinding of outcome assessment (Krueger 2017; Wataya-Kaneda
2017); and incomplete outcome data (French 2016 (EXIST 3);
Overwater 2016. We also need more information to judge the
risk from other potential sources of bias in three studies (Bissler
2013 (EXIST 2); Franz 2013 (EXIST 1); Overwater 2016). In two of
these studies, some authors who are employees, stock owners or
consultants of the funder (Novartis) were involved in the study
design, discussion, research, overseeing of data collection and data
analysis and interpretation leading to an unclear risk of other bias
(Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1)). In the third study,
we had some concerns related to the cross-over design (Overwater
2016).

The evidence from studies using systemic administration was
generally of high certainty, except for the outcome of any adverse
events which was downgraded to moderate certainty because of
substantial heterogeneity (Bissler 2013 (EXIST 2); Franz 2013 (EXIST
1); French 2016 (EXIST 3); Krueger 2017; Overwater 2016; Overwater
2019).

The evidence from studies using topical administration showed
mixed certainty levels (Koenig 2012; Koenig 2018; Wataya-Kaneda
2017; Wataya-Kaneda 2018). We found high-certainty evidence
for outcomes related to mean general improvements in facial

angiofibroma (continuous outcome), improvement as well as
worsening in any skin lesions, quality of life, satisfaction, and
severe adverse events. We downgraded the level of certainty
for angiofibroma and cephalic plaques (dichotomous outcomes)
because of large Cls, while we downgraded the level of certainty for
adverse events because of substantial heterogeneity.

Potential biases in the review process

The strengths of this review are based on the careful selection of
randomised studies of a rare disease. We have noted that not all
relevant data could be obtained, especially those data relating to
adverse effects.

Agreements and disagreements with other studies or
reviews

A systematic review on non-randomised studies carried out by this
author team showed similar findings, where absolute tumour size
reduction was noted in people treated with rapamycin or rapalogs
(Sasongko 2015).

AUTHORS' CONCLUSIONS

Implications for practice

Convincing evidence of a reduction of tumour size after 24
weeks of treatment with oral everolimus (rapalogs) in both renal
angiomyolipoma and subependymal giant cell astrocytoma (SEGA)
would provide sufficient evidence for its use in clinical practice as
the benefits outweigh the risks. With this in mind, and with the
positive effects on the size reduction in renal angiomyolipoma and
SEGA, this review concurs with the decision of the U.S. Food and
Drug Administration (FDA) and European Medicine Agency (EMA)
on the use of everolimus for both types of tumours. Rapamycin or
rapalogs may also have a beneficial effect on skin lesions.

Implications for research

More research is needed to further define the effects of rapamycin
or rapalogs on other manifestations of tuberous sclerosis complex,
such as seizures and neurocognitive problems. Beneficial effects
noted in this review on skin lesions need to be further established.
This research should take the form of a randomised study design,
involving participants diagnosed according to the latest consensus
tuberous sclerosis complex diagnostic criteria. Future research
should also consider rapalog use in children due to the age-
dependent nature of manifestations and complications in tuberous
sclerosis (TSC).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Bissler 2013 (EXIST 2)

Study characteristics

Methods

Double-blind, randomised, placebo-controlled, phase 3 study. Multicentre (24 centres in 11 countries).

Participants

118 participants (aged 18-61 years old, 40 males and 78 females) having at least one angiomyolipoma
3 cm or larger in diameter, and a diagnosis of tuberous sclerosis per consensus criteria (Roach 1998,
Hyman 2000) were recruited; 79 participants were in the treatment group and 39 participants were in
the placebo group. Participants were 18 years or older. Twenty-three participants in the placebo group
withdrew, mainly due to disease progression. However, all participants were included in the analysis.

There were 2/79 participants in intervention arm and 3/36 participants in the placebo arm with spo-
radic lymphangioleiomyomatosis (without TSC) which we could not separate from the analysis. For a
future version of this review, we plan to contact study authors to obtain more detailed information so
that we can analyse outcome from only people with TSC. We also plan to contact study authors to as-
certain if the TSC participants meet the latest diagnostic criteria (Northrup 2013).

Interventions

Participants were randomised into 2 arms:

1. Oral everolimus 10 mg/day
2. Oral placebo

Median exposure of intervention was 38 weeks for the treatment group and 34 weeks for placebo
group. Kidney CT or MRI was carried out at baseline, 12, 24, 48 weeks and annually after start of treat-
ment. Although it was stated that the core phase of the trial lasted until the last randomised participant
had been treated for 6 months, there was no clear statement on the exact study duration, especially in
view of another statement about a subsequent open-label phase. Study authors will be contacted for
exact information about the timeline of randomisation.

Outcomes 1. Response rate of everolimus on angiomyolipomas (defined as the number of participants having 50%
reduction in tumour size as compared to baseline)
2. Seizure frequency
3. Response to skin lesions
4. AEs
Notes The study was funded by Novartis Pharmaceuticals.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned in a 2:1 fashion to receive either
everolimus or placebo, stratified by enzyme-inducing antiepileptic drug use at
randomisation and by the presence of sporadic lymphangio leiomyomatosis.
Random sequence was generated using interactive web response system.

Allocation concealment Unclear risk Not stated.
(selection bias)
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Bissler 2013 (EXIST 2) (Continued)

Blinding of participants Low risk Participants received blinded study treatment until angiomyolipoma progres-
and personnel (perfor- sion, occurrence of unacceptable toxicity, or participant withdrawal for any
mance bias) other reason. Double-blind (participant, caregiver, investigator, outcomes as-
All outcomes sessor).
Blinding of outcome as- Low risk Kidney CT or MRI (same modality used throughout the study for each partici-
sessment (detection bias) pant) was assessed by a blinded central radiology review. Adverse effects were
All outcomes monitored via participant-reported or caregiver-reported responses as well as
investigator assessment.
Incomplete outcome data  Low risk Efficacy analyses included all randomised participants, and safety analyses in-
(attrition bias) cluded all participants who received at least 1 dose of the study drug and had
All outcomes at least 1 post-baseline assessment. Participants not able to be assessed (ei-
ther by dropout or other reasons) were considered as non responders.
Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
porting bias) tion of the study report.
Other bias Unclear risk This study was funded by Novartis Pharmaceuticals, which is also manufactur-

er of the investigational product. Authors who are stock owners, employees or
consultants of the funder (Novartis) were involved in the study design, discus-
sion, research, overseeing of data collection and data analysis and interpreta-
tion. Concerns were acknowledged regarding conflict of interests among au-
thors of this study, but due to limited number of studies we were unable to as-
sess (through sensitivity analyses or subgroup analyses) if this has affected tri-
al results.

Franz 2013 (EXIST 1)

Study characteristics

Methods

Double-blind, randomised, placebo-controlled, phase 3 trial. Multicentre (24 centres in 10 countries).

Participants

117 participants (aged 0.8 - 26.6 years old, 67 males and 50 females) having at least 1 angiomyolipoma
3 cmor larger in diameter, and a definite diagnosis of TSC per consensus criteria (Hyman 2000; Roach
1998) were recruited. There are 78 participants in the treatment group and 39 participants in the place-
bo group. In the treatment group, 1 participant was lost to follow-up and another participant withdrew
consent. In the placebo group, 6 discontinued due to disease progression, 1 withdrew consent and an-
other participant discontinued due to administrative problems. Data from all 117 recruited participants
were analysed. For the future version of this review, we plan to contact study authors to ascertain if the
people with TSC meet the latest diagnostic criteria (Northrup 2013).

Interventions

Participants were randomised into 2 arms:

1. Oral everolimus, from 4.5 mg/m?body surface area per day and subsequently adjusted to attain blood
trough concentrations of 5 - 15 ng/mL with dose modifications allowed on for the purpose of treat-
ment-related toxic effects. Starting dose for children with malignancies was chosen to be just less than
the maximum tolerated dose (5 mg/m? per day)

2. Oral placebo

Participants were treated for 6 months with an extension phase (up to 4 years after the last participant
was randomly assigned to treatment) if the results of the core phase favoured everolimus.

The median duration of study treatment was 41.9 weeks (range 24.0 - 78.9) for individuals in the
everolimus group and 36.1 weeks (13.9 - 79.7) for those in the placebo group.
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Outcomes 1. Response rate (defined the number of participants having 50% reduction in tumour size as compared

to baseline) of everolimus on SEGA

2. Angiomyolipomas
3. Seizure frequency
4. Response to skin lesions
5. AEs
Notes The study was funded by Novartis Pharmaceuticals.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Participants were randomly assigned in a 2:1 ratio to everolimus or match-
tion (selection bias) ing placebo, stratified according to the use of enzyme-inducing antiepileptic
drugs. It is assumed that the researchers used computer-generated random
sequence: Quote: "An interactive internet-response system was used for ran-
dom assignment of patients...".
Allocation concealment Low risk The researchers concealed allocation according to the following statement:
(selection bias) Quote: "An interactive internet-response system was used...for management
of their treatment to maintain allocation concealment".
Blinding of participants Low risk Participants were blinded according to the following statement: Quote: "Pa-
and personnel (perfor- tients were given masked study treatment (identical everolimus and placebo)
mance bias) unless discontinued..."
All outcomes
Blinding of outcome as- Low risk All study personnel were masked to treatment assignment, including outcome
sessment (detection bias) assessors.
All outcomes
Incomplete outcome data  Low risk Efficacy and safety analyses included all participants.
(attrition bias)
All outcomes
Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
porting bias) tions of the study report.
Other bias Unclear risk This study was funded by Novartis Pharmaceuticals, which is also manufac-

turer of the investigational product. Authors who are employees or consul-
tants of the funder (Novartis) were involved in the study design, discussion,
research, overseeing of data collection and data analysis and interpretation.
Concerns were acknowledged regarding conflict of interests among authors
of this study, but due to limited number of studies we were unable to assess
(through sensitivity analyses or subgroup analyses) if this has affected trial re-
sults.

French 2016 (EXIST 3)

Study characteristics

Methods

Double-blind, randomised, placebo-controlled, phase 3 trial. Multicentre (99 centres in 25 countries).
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French 2016 (EXIST 3) (continued)

Participants

366 participants (190 males and 176 females) aged 2 - 65 years with a confirmed diagnosis of TSC and
treatment-resistant epilepsy, with 16 or more seizures during the 8-week baseline phase (with no con-
tinuous 21-day seizure-free period) and receiving between 1 and 3 antiepileptic drugs at a stable dose
for at least 12 weeks before randomisation were included. Our query to trial author regarding the diag-
nostic criteria used for the participants has not been responded.

Interventions

Participants randomised into 3 arms as follows:

1. Antiepileptic drugs plus placebo - 119 participants
2. Antiepileptic drugs plus everolimus 3-7 ng/mL - 117 participants
3. Antiepileptic drugs plus everolimus 9-15 ng/mL - 130 participants

Duration of treatment was 18 weeks.

Outcomes 1. Frequency of seizure
2. AEs
3. Change from baseline in seizure frequency
4. Seizure frequency
5. Frequency of seizure-free days during the maintenance period
6. Seizure-free rate
7. Proportion of patients achieving at least a 25% reduction in seizure frequency from baseline
8. Exposure-response relationship analysis
Notes The study was funded by Novartis Pharmaceuticals.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Patients were randomly assigned (1:1:1) via permuted-block randomisation
tion (selection bias) (block size of 6) which was implemented by Interactive Response Technology
software. Randomisation was stratified by age subgroup.
Allocation concealment Low risk Participants, investigators, site personnel, and the sponsor’s study team were
(selection bias) masked to treatment allocation, but allocation was not concealed from per-
sonnel in charge of drug supply, implementation of the randomisation list, and
pharmacokinetic bioanalysis.
Blinding of participants Low risk Participants, investigators, site personnel, and the sponsor's study team were
and personnel (perfor- masked to treatment allocation. Everolimus pills were made identical to place-
mance bias) bo pills to maintain blinding.
All outcomes
Blinding of outcome as- Low risk Outcome assessors were blinded for most outcomes.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Our query regarding the total number of participants included in the analysis
(attrition bias) for several outcomes has not been responded.
All outcomes
Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
porting bias) tions of the study report except for the outcome 'exposure-safety relation-
ship'. We are still awaiting clarification from the author regarding this out-
come.
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French 2016 (EXIST 3) (continued)

Other bias

Unclear risk This study was funded by Novartis Pharmaceuticals, which is also manufac-
turer of the investigational product. Authors who are employee or consul-
tants of the funder (Novartis) were involved in the study design, discussion,
research, overseeing of data collection and data analysis and interpretation.
Concerns were acknowledged regarding conflict of interests among authors
of this study, but due to limited number of studies we were unable to assess
(through sensitivity analyses or subgroup analyses) if this has affected trial re-
sults.

Koenig 2012

Study characteristics

Methods

Double-blind, randomised, placebo-controlled study. Single centre in Texas, USA.

Participants

28 participants (mean age 23 years old, ranging from 13 to > 30 years old, 15 males and 13 females) di-
agnosed with TSC based on the consensus criteria (Roach 1999). 18 participants in the treatment group
and 10 participants in the placebo group. Five participants were withdrawn from the study, but it is un-
clear if they come from the treatment arm or from placebo arm.

Interventions

Participants were randomised 3 arms.

1. topical (skin application) rapamycin 1 mg per 30 cc (0.003%)
2. topical (skin application) rapamycin 5 mg per 30 cc (0.015%)
3. topical (skin application) placebo

Athin coating of rapamycin was applied on the skin directly over the treatment area every morning
(topical administration). The product was allowed to air dry for 60 minutes following application and
was removed by gentle washing in the morning.

Participants were treated for 6 months.

Outcomes 1. Effect of rapamycin on participants' perception towards their skin appearance following the treat-
ment (the participants were asked if they "got better on the treatment", "got worse on the treatment"
or if "the treatment made no difference")

2. Rapamycin concentrations and complete blood counts (including haemoglobin level and platelet
count)
3. AEs

Notes The study was sponsored by the University of Texas Health Science Center, Houston.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomisation undertaken by the manufacturer of the investigational prod-

tion (selection bias) uct: Quote: "The company randomized the investigational product”. However,

there was no statement as to how the allocation sequence was generated.

Allocation concealment Low risk Author clarified that central allocation was done to ensure concealment is

(selection bias) maintained.

Blinding of participants Low risk Participants and study personnel were blinded: "Double Blind (Subject, Care-

and personnel (perfor- giver, Investigator, Outcomes Assessor)".

mance bias)

All outcomes
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Koenig 2012 (Continued)

Blinding of outcome as- Low risk Outcome assessors were blinded.

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Out of 28 participants included into the study, 23 participants completed the

(attrition bias)
All outcomes

intervention. Outcome data was reported only as percentages. While there are
dropouts, no reports as to how many dropouts in each treatment arm.

Selective reporting (re-
porting bias)

Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
tions of the study report except for outcomes 'Total Cholesterol' and 'Derma-
tologic sensitivity at site of application (pain, erythema, edema, pruritis)'.

Other bias Low risk The authors reported no conflict of interest.
Koenig 2018
Study characteristics
Methods Double-blind, randomised, placebo-controlled, Phase 2, multicentre study (9 sites in USA and 1 in Aus-

tralia).

Participants

Participants had a diagnosis of TSC as per new criteria Northrup 2013, visible facial angiofibromas, and
the ability to comply with study procedures. Females of child-bearing potential were tested for preg-
nancy prior to enrolment and required to use appropriate contraceptive methods during the study. 179
participants (80 males and 99 females) aged 3 - 61 years were involved in the study, 149 participants re-
ceived intended treatment; 157 participants were analysed, 22 participants were excluded on the basis
of lacking either baseline or at least 1 post-baseline evaluable photograph.

Interventions

Topical application over the designated area daily at bedtime.

1. Dispensed 1% rapamycin (59 participants)
2. Dispensed 0.1% rapamycin (63 participants)
3. Dispensed vehicle only (57 participants)

Received treatment for 6 months.

Outcomes 1. Change from baseline in the AGS
2. Photoreaders’ rating (better, same, or worse) of paired baseline and end-of-trial photographs for each
participant
3. QoL questionnaire scores change from baseline
4. Safety analyses including AEs and assessment of serum rapamycin levels (MedDRA-coded)
Notes The study was supported in part by the United States Department of Defense grant DOD TSCRP CDMRP
W81XWH-11-1-0240, and Tuberous Sclerosis Australia.
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Enrolled participants were randomised (1:1:1) to receive rapamycin (1% or
0.1%) or vehicle-only using a computerised random number generator. Strati-
fication by site was performed and each site’s randomisation was performed in
block sizes of 6.
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Koenig 2018 (Continued)

Allocation concealment Low risk Central allocation undertaken.
(selection bias)
Blinding of participants Unclear risk Blinding of study personnel is not clearly stated. We are awaiting clarification

and personnel (perfor-
mance bias)
All outcomes

from author on the blinding status.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Blinding of outcome assessors were clearly mentioned. However, we are still
awaiting clarification from author regarding the blinding status of the out-
comes assessors for 2 outcomes (dermatologic sensitivity at site of application
(pain, erythema, pruritis) and DLQI/CDLQI/FDLQI.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Participants who lack either baseline or at least 1 post-baseline evaluable pho-
tograph were excluded from analysis. Only 159 out of 179 participants were
analysed for the AGS outcomes.

Selective reporting (re-
porting bias)

Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
tions of the study report.

Other bias Unclear risk Three authors reported grants and personal fees from Novartis Pharmaceu-
tical (manufacturer of the investigational product). Concerns were acknowl-
edged regarding conflict of interests among authors of these studies, but due
to limited number of studies we were unable to assess (through sensitivity
analyses or subgroup analyses) if this has affected trial results.

Krueger 2017
Study characteristics
Methods Double-blind, randomised, placebo-controlled, two centres (Massachusetts and Ohio, USA).

Participants

Participants were diagnosed with Northrup 2013 new criteria, aged between 6 - 21 years. 47 partici-
pants (24 males and 23 females) were randomised, 42 participants received intended treatment.

Interventions

2 treatment arms.

1. Everolimus (32 participants): dose of 4.5 mg/m2 per day, oral, once daily
2. Placebo (15 participants)

Received treatment for 6 months.

Outcomes

AEs

. Intellectual function at baseline

. Language (Receptive - PPTV4; Expressive - EVT2)

. WRAML2 (Learning and Memory, Verbal Learning, Verbal Recall)

. CANTAB (Pattern Recognition Memory, Spatial Recognition Memory, Spatial Span, Spatial Working
Memory, Attention and Executive Function (Reaction Time), Rapid Visual Processing, Stockings of
Cambridge, Intraextra Dimensional Set Shift)

6. BRIEF (Global Executive Composite, Behavioral Regulation Index, Metacognition Index)

7. SRS (Socialization and behaviour (Total Social Responsiveness), Social Awareness, Social Cognition,
Social Communication, Social Motivation, Autism Mannerisms)

8. BASC2 (Externalizing Problems, Internalizing Problems, Behavioral Symptoms Index, Adaptive Skills)
9. Adaptive Behavior Composite,
10.VABS2 (Communication, Socialization, Daily Living Skills, Motor Skills)
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Krueger 2017 (Continued)

11.Total Difficulties Scale (SDQ),

12.Motor skills (Dominant Hand Speed - Pegboard)

13.Nondominant Hand Speed - Pegboard)

14.Academic skills (Word Reading - WRAT4; Math Computation - WRAT4)

Notes The study was funded by financial support of Novartis Pharmaceuticals, Autism Speaks (Grant #5735)
and Tuberous Sclerosis Alliance.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was 2:1 everolimus versus matching placebo, using the SciRan

tion (selection bias) (Scientific Randomisation) program developed at BCH. Randomisation was
stratified by age and 1Q with two levels of each factor.

Allocation concealment Low risk Allocation performed centrally.

(selection bias)

Blinding of participants Low risk All participants and personnel were blinded; used a matching placebo.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Blinding of outcome assessors were not clearly stated. We are still awaiting

sessment (detection bias) confirmation from author regarding the blinding status.

All outcomes

Incomplete outcome data  High risk Only 42 participants were analysed even though ITT population was men-

(attrition bias) tioned to be n=47.

All outcomes

Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-

porting bias) tions of the study report.

Other bias Unclear risk This study was funded by Novartis Pharmaceuticals, which is also manufac-
turer of the investigational product. Authors who are consultants of and/or,
employee of, and/or receive funding from the funder (Novartis Pharmaceu-
ticals, Tuberous Sclerosis Alliance, and Autism Speaks) were involved in the
study concept and design, acquisition of data, analysis and interpretation of
data, and drafting and revision of manuscript for intellectual content. Con-
cerns were acknowledged regarding conflict of interests among authors of this
study, but due to limited number of studies we were unable to assess (through
sensitivity analyses or subgroup analyses) if this has affected trial results.

Overwater 2016
Study characteristics
Methods Age-stratified randomisation. Open-label. Cross-over, single centre (the Netherlands)

Participants

Children aged between 3 months and 12 years with definite clinical diagnosis of TSC as per new crite-
ria Northrup 2013 and at least 1 epileptic seizure per week and were resistant to at least 2 antiepileptic
drugs. 23 participants (11 males and 12 females) were randomised and 22 participants received intend-

ed treatment.
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Overwater 2016 (Continued)

Interventions

Titrated to trough level of 5-10 ng/mlL Mean daily sirolimus dose in the last month of sirolimus was 3.65
mg and ranged from 0.9 to 8.0 mg. Administered once a day.

1. Early Sirolimus (12 participants)
2. Late Sirolimus (11 participants)

Participants received treatment for 12 months.

Outcomes 1. Frequency of seizure
2. AEs
3. Proportion of responders (> 50% reduction of seizure frequency in the last month of either study pe-
riod relative to baseline)
4. Seizure severity
5. Number of status epilepticus episodes
6. EEG
7. Cognitive development (Bayley Scales of Infant and Toddler Development or Wechsler Preschool and
Primary Scale of Intelligence)
8. Adaptive behavior (Vineland Screener 2008)
9. Sensory processing (Short Sensory Profile-NL, 2006)
10.Autistic features (SRS 2007)
11.Emotional and behavioural problems (Child Behavior Checklist 2000)
Notes This study was funded by a research grant from the Dutch Epilepsy Foundation.
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly allocated by computer generation with permuted
block design (block size 4) and stratified by age.

Allocation concealment Low risk Allocation concealment was centrally computerised.
(selection bias)
Blinding of participants High risk Participants were not blinded. Study neuropsychologist and neurophysiologist

and personnel (perfor-
mance bias)
All outcomes

were masked to treatment.

Blinding of outcome as- Low risk Blinding of outcome assessors were clearly mentioned.

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Total number of participants analysed were not listed for all outcomes. We are

(attrition bias)
All outcomes

still waiting for author to provide us with more details on the data.

Selective reporting (re-
porting bias)

Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
tions of the study report.

Other bias

Unclear risk This study used cross-over design which require additional considerations on
potential risk of bias.

The choice of cross-over design may be suitable given the condition (epilep-
sy) is relatively stable. Although it was mentioned that the study lasted for 12
months, it was unclear how long the follow-up was for each period.
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Overwater 2016 (Continued)

Carry-over effect is unknown as there is no information about a washout pe-
riod before the cross-over occurred. We are currently awaiting confirmation
from the author regarding this information.

Data from each period of cross-over were not available. We are therefore un-
able to perform paired analysis and compare the results with the other paral-
lel-group trials, until further information from the trial authors.

One of the authors, who is a co-principal investigator and contributed to con-
ception of the study, study design, grant writing, data collection, clinical fol-
low-up, data analysis, data interpretation, and writing of the report, reports
grants from Dutch Epilepsy Foundation during the conduct of the study and
grants and non-financial support from Novartis outside the submitted work.
The authors' institution received honoraria from Novartis for educational lec-
tures presented by the author. Concerns were acknowledged regarding con-
flict of interests of an author in this study, but due to limited number of studies
we were unable to assess (through sensitivity analyses or subgroup analyses) if
this has affected trial results.

Overwater 2019

Study characteristics

Methods Randomised, double-blind, placebo-controlled, single centre (the Netherlands).

Participants 32 participants (16 males and 16 females, age 4 - 17 years old) with TSC as per the Northrup 2013 new
criteria were randomised to the study, 28 participants received intended treatment, AEs resulted in dis-
continuation of treatment in 4 participants.

Interventions 2 treatment arms

1. Everolimus (15 participants): 2.5 mg once daily
2. Placebo (17 participants)

Duration of treatment was 12 months.

Outcomes . Frequency of seizure

. Cogpnitive ability measured by 1Q using WPPSI-III-NL17 or WISC-I1I-NL

. Autistic features measured by ADOS

. Social and communication skills (SRS 20 and Dutch Children’s Communication Checklist)
. Working memory and attention

. Visual motor integration measured by the Beery-Buktenica Developmental Test of Visual-Motor Inte-
gration

7. Child behaviour with CANTAB and the parental rating scale BRIEF

8. Executive functioning with CANTAB and the parental rating scale BRIEF
9. Sleeping problems (SDSC),

10.Child health

11.Sensory related difficulties (Short Sensory Profile)

o U W N

Notes The trial was funded by the Dutch Brain Association (Hersenstichting) and the Sophia Children’s Hospi-
tal Fund (Stichting Sophia Kinderziekenhuis Fonds, Rotterdam, the Netherlands). Novartis AG provided
everolimus and placebo tablets and provided additional financial support.

Risk of bias
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Overwater 2019 (continued)
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk All participants were randomly assigned (1:1) to receive everolimus or placebo
tion (selection bias) using a permuted-block (block size 4) computer-generated randomisation list.
Allocation concealment Low risk Allocation performed centrally.
(selection bias)
Blinding of participants Low risk Blinding of participants and personnel were clearly described.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Blinding of outcome assessors were clearly mentioned for all outcomes.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk ITT analysis was done, for all except 1 secondary outcome (pharmacokinetics).
(attrition bias)
All outcomes
Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
porting bias) tions of the study report.
Other bias Unclear risk One of the study's funders is Novartis, which is also the manufacturer of the in-

vestigational product. One of the authors, who contributed to trial design, trial
implementation, data collection, statistical analysis, interpretation of the da-
ta, and development of the manuscript, reported grants from Sophia Founda-
tion (SSWO), non-financial support from Novartis International AG, and grants
from Novartis International AG during the conduct of the study; personal fees
from Hoffmann-La Roche; and other from Novartis International AG. Concerns
were acknowledged regarding conflict of interests of an author in this study,
but due to limited number of studies we were unable to assess (through sensi-
tivity analyses or subgroup analyses) if this has affected trial results.

Wataya-Kaneda 2017

Study characteristics

Methods

Randomised, placebo-controlled, single centre (Osaka, Japan).

Participants

36 participants (13 males and 23 females) enrolled in this trial, aged 6 to 47 years and had at least 3 iso-
lated angiofibromas that were 2 mm or larger in their longest diameters. Participants were diagnosed
based on old criteria (Roach 1999).

Interventions

Participants were randomised into 4 arms, sirolimus or placebo gel applied to the participant's lesions

twice per day:

1. 0.05% sirolimus - 8 participants
2. 0.1% sirolimus - 8 participants
3. 0.2% sirolimus - 8 participants
4. Placebo - 12 participants

Duration of treatment was for 12 weeks + 4 weeks of treatment discontinuation.

Outcomes

1. Skin lesion response
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Wataya-Kaneda 2017 (Continued)

AEs

. Ratio for the decrease in tumour volume,

. Reduction of tumour colour,

. Improvement factor 4 weeks after discontinuation of treatment

. Mean general improvement at 12 weeks, mean participant satisfaction

Notes The study was supported by an H24-intractable-general-008 grant from the Ministry of Health, Labor
and Welfare of Japan, grant 25461690 from the Ministry of Education, Culture, Sports, Science and
Technology of Japan, and practical research project 15ek0109082h0001 for rare and intractable dis-
eases from the Japan Agency for Medical Research and Development.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants randomly allocated using a web-response system in a 2:1 fashion

tion (selection bias) to receive each sirolimus concentration or a placebo.

Allocation concealment Low risk Allocation was centralised as it uses the web-response system.

(selection bias)

Blinding of participants Unclear risk Although double-blinding was mentioned, details on who were blinded were

and personnel (perfor- not mentioned. We are still awaiting author's confirmation on the blinding sta-

mance bias) tus of the participants and personnel.

All outcomes

Blinding of outcome as- Unclear risk There was no description on blinding of the outcome assessors. We are still

sessment (detection bias) waiting for authors confirmation on the blinding status of the assessors.

All outcomes

Incomplete outcome data  Low risk ITT analysis.

(attrition bias)

All outcomes

Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-

porting bias) tions of the study report.

Other bias Low risk The authors reported no conflict of interest.

Wataya-Kaneda 2018

Study characteristics

Methods

Randomised, double-blind, placebo-controlled, multicentre (9 sites in Japan).

Participants

62 participants (28 males and 34 females) aged 6 - 53 years old with 3 or more reddish papules of facial
angiofibroma. TSC diagnosis based on new criteria (Northrup 2013).

Interventions

Participants randomised into 2 arms.

1. 0.2% Sirolimus gel (30 participants)
2. Placebo gel (32 participants)

Gels were applied topically twice daily for 12 weeks.
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Wataya-Kaneda 2018 (Continued)
Each participant was instructed to evenly spread the investigational drug to skin lesions at the daily
amounts of gel twice daily for 12 weeks; up to 400 mg for participants younger than 6 years, 600 mg for
participants 6 to 11 years, and 800 mg for participants older than 11 years.

Outcomes 1. Skin lesion response
2. AEs,

3. Skin lesion change/improvement - composite improvement
4. QoL (DLQI and CDLQI)

Notes The study was supported by Nobelpharma Co, Ltd, and in part by grants 27-Yaku, No. 369 orphan drug
designation from the Japanese National Institutes of Biomedical Innovation, Health, and Nutrition, un-
der the jurisdiction of the Japan Ministry of Health, Labor, and Welfare.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants randomly assigned (1:1) to receive sirolimus or placebo. An inde-

tion (selection bias) pendent statistician generated the codes for permuted-block (size of 4) ran-

domisation SAS Version 9.4 (SAS 2013).
Allocation concealment Low risk Central allocation was performed.

(selection bias)

Blinding of participants Low risk Participants and study personnel were blinded until study completion.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding of outcome assessors were clearly described.

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants were included in the final analysis of the outcomes.
(attrition bias)
All outcomes

Selective reporting (re- Low risk All outcomes that were mentioned in 'Methods' were reported in 'Results' sec-
porting bias) tions of the study report.
Other bias Unclear risk One of the funders of the study (Nobelpharma Co. Ltd.) is also manufactur-

er of the investigational product. The funders participated in the design and
conduct of the study and preparation, review, or approval of the manuscript.
Authors who received funding from or are consultants of or are employed by
Nobelpharma Co. Ltd. were involved in study concept and design, acquisi-
tion, analysis, or interpretation of data, drafting of the manuscript, critical re-
vision of the manuscript for important intellectual content, administrative,
technical, or material support, and study supervision. Some of the authors al-
so received funding or fees from other commercial entities: Novartis, Sanofi,
Sumitomo-Dainippon, GlaxoSmithKline, AbbVie, Eli-Lilly, Boehringer-Ingel-
heim, Kyowa-Hakko-Kirin, Maruho, Terumo Foundation for Life Science and
Arts, Nakatomi Foundation, and Mitsubishi-Tanabe Pharma, and Chugai. Con-
cerns were acknowledged regarding conflict of interests among authors of
these studies, but due to limited number of studies we were unable to assess
(through sensitivity analyses or subgroup analyses) if this has affected trial re-
sults.
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ADOS: Autism Diagnostic Observation Schedule; AE: adverse event; AGS: Angiofibroma Grading Scale; BASC2: Behavior Assessment
System for Children, 2nd Edition; BRIEF: Behavior Rating Inventory of Executive Function; CANTAB: Cambridge; Neuropsychological
Test Automated Battery; CDLQI: Child's Dermatology Life Quality Index; CT: computed tomography; DLQI: Dermatology Life Quality
Index; EEG: electroencephalogram ; EVT2: Expressive Vocabulary Test 2nd Edition; FDLQI: Family Dermatology Life Quality Index; 1Q:
intelligent quotient; ITT: intention to treat; MRI: magnetic resonance imaging; PPTV4: Peabody Picture Vocabulary Test 4th Edition; QoL:
quality of life; SDQ: Strengths and Difficulties Questionnaire; SDSC: Sleep Disturbance Scale for Children; SEGA: subependymal giant cell
astrocytomas; SRS: Social Responsiveness Scale; TSC: tuberous sclerosis complex; VABS2: Vineland Adaptive Behaviour Scale 2; WISC-lII-
NL: Wechsler Intelligence Scale for Children; WPPSI-III-NL: Wechsler Preschool and Primary Scale of Intelligence; WRAML2: Wide Range
Assessment of Memory and Learning Second Edition; WRAT4: Wide Range Achievement Test 4

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Birca 2010 Case report.

Bissler 2019 Non-randomised, non-controlled study
Cabrera 2011 Non-randomised, non-controlled study.
ChiCTR-OPC-14005488 Non-randomised, non-controlled study.
ChiCTR-OPN-16008236 Non-randomised, non-controlled study.
Cuevas 2012 Non-randomised, non-controlled study.
Dabora 2011 Non-randomised, non-controlled study.
Davies 2008 Non-randomised, non-controlled study.
Davies 2011 Non-randomised, non-controlled study.
DRKS00005584 Non-randomised, non-controlled study.
EUCTR2007-005978-30-ES Non-randomised, non-controlled study.
EUCTR2010-022583-13-DE Non-randomised, non-controlled study
Foster 2012 Case series.

Franz 2006 Case series.

Franz 2018 Non-randomised, non-controlled study.
Gupta 2019 Only 9% of the subjects were diagnosed as TSC. There was no clear separation between TSC and

non-TSC subjects in the analysis.

Herry 2007 Case report.
Hofbauer 2008 Case report.
JPRN-UMIN000002844 Non-randomised, non-controlled study.
JPRN-UMIN000006108 Non-randomised, non-controlled study.
JPRN-UMIN000015114 Non-randomised, non-controlled study.
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Study

Reason for exclusion

JPRN-UMIN000011559

Non-randomised, non-controlled study.

JPRN-UMIN000024270

Non-randomised, non-controlled study.

Kenerson 2002

Non-randomised, non-controlled study.

Koenig 2008 Case report.

Krueger 2010 Non-randomised, non-controlled study.
Krueger 2013a Single arm, interventional study.
Krueger 2013b Non-randomised, non-controlled study.
Lam 2010 Case series.

NCT00001465 Observational case-control.
NCT00001532 Observational case-control
NCT00001975 Observational Cohort.

NCT00457808 Non-randomised, non-controlled study.
NCT00457964 Single arm interventional study
NCT00490789 Non-randomised, non-controlled study
NCT00552955 Non-randomised, non-controlled study.
NCT00792766 Single arm interventional study
NCT01092208 Non-randomised, non-controlled study
NCT01217125 Single arm interventional study
NCT01266291 Non-randomised, non-controlled study.
NCT01767779 Non-randomised, non-controlled study.
NCT01780441 Non-randomised, non-controlled study.
NCT01929642 Single arm interventional study
NCT02104011 single arm, interventional study
NCT02201212 Single arm interventional study
NCT02325505 Non-randomised, non-controlled study.
NCT02451696 Non-randomised, non-controlled study
NCT02461459 Non-randomised, non-controlled study.
NCT02634931 Single arm interventional study
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Study Reason for exclusion

NCT02654340 Non-randomised, non-controlled study.

NCT03047213 Non-randomised, non-controlled study.

NCT03213678 Non-randomised, non-controlled study.

NCT03525834 Non-randomised, non-controlled study

NCT03649919 Non-randomised, non-controlled study.

Pressey 2010 Case report.

Salido 2012 Case series.

Sallas 2015 Pharmacokinetic-Pharmacodynamic modelling article

Sparagana 2010

Case report.

Staehler 2012

Case series.

Tanaka 2013

Non-randomised,; left-right cheek comparison of topical rapamycin vs vehicle on facial angiofi-
broma of the same participants.

Wataya-Kaneda 2011

Case series.

Wataya-Kaneda 2012

Case report.

Wataya-Kaneda 2015

Non-randomised, non-controlled study.

Wheless 2013

Case report.

Wienecke 2006 Case report.

Yalon 2011 Case report.

Young 2013 Patients are a mix-up of LAM only and LAM-TSC. No clear separation.
Zhang 2018 Non-randomised, non-controlled study.

LAM: lymphangioleiomyomatosis; TSC: tuberous sclerosis complex

Characteristics of studies awaiting classification [ordered by study ID]

NCT03140449

Methods

Randomised, double-blind, placebo-controlled, unclear about the number of centres (Taiwan)

Participants

52 participants with unclear diagnostic criteria were randomised. Trial authors will be contacted
regarding the diagnostic criteria.

Interventions

Unclear about number of arms. Trial authors will be contacted regarding the trial arms.

Topical rapamycin (0.1%) or calcitriol (3 mcg/g) single-agent therapy versus their combination /
twice a day
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NCT03140449 (Continued)

Duration of treatment is 12 weeks

Outcomes 1. Skin lesion response
2. Reduction forthe grade of erythema, papule size, elevation and extension of the lesions using FASI
3. Reduction of VAS evaluated by the participants themselves

Notes
Randell 2016

Methods rRndomised, double-blind, placebo-controlled, single centre (UK)

Participants 48 participants between 16 and 60 years, with unclear diagnostic criteria, were randomised. Trial
authors will be contacted regarding the diagnostic criteria.

Interventions Participants randomised into 2 arms:
32 participants in everolimus arm, dose of 2x 2.5 mg daily
16 participants in placebo arm
Duration of treatment is 24 weeks or 6 months

Outcomes 1. AE
2. List Learning test (from the BIRT Memory and Information Processing Battery)
3. Complex Figure test (from the BIRT Memory and Information Processing Battery)
4. CANTAB -S0OC
5. CANTAB - SWM
6. Telephone search dual task (from the Test of Everyday Attention)
7. CANTAB - RVIP Battery
8. CANTAB - SSP
9. CANTAB - Attentional Set-shifting (IDED)
10.Verbal Fluency from Controlled Oral Word Association Test
11.Cancellation task from the Controlled Oral Word Association Test
12.Symptom Checklist 90-Revised
13.Quality of Life in Epilepsy
14.Liverpool Seizure Severity Scale
15.Vineland Adaptive Behavior Scales-II (survey form)
16.Social Responsiveness Scale - Adult version
17.Social communication questionnaire
18.National Adult Reading Test
19.Wechsler Abbreviated Scale of Intelligence (4 subtests)
20.Edinburgh Handedness Test

Notes

AE: adverse effect; BIRT: Brain Injury Rehabilitation Trust; CANTAB: Cambridge Neuropsychological Test Automated Battery; FASI: facial
angiofibroma severity index; 1Q: intelligence quotient; RVIP: Rapid Visual Information Processing; SOC: Stockings of Cambridge; SSP:
Spatial Span; SWM: Spatial Working; Memory; TSC: tuberous sclerosis complex; VAS: visual analysis score

Characteristics of ongoing studies [ordered by study ID]
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EUCTR2011-006308-12-ES

Study name Phase Il clinical trial, to study the efficacy and safety of topical rapamycin in reducing facial angiofi-
bromas, single centre (Spain)
Methods RandomiSed, placebo-controlled, with unclear blinding and diagnosis criteria

Participants

50 participants aged above 13 years with FA, allocation is unclear

Interventions

2 arms
Topical sirolimus/Rapamune with unclear dosage and frequency of administration

3 months duration of treatment

Outcomes

1. Tumor size
Reduction of at least 50% in size and number of tumours

. Decrease in the puntuation of the FASI of at least 40% at the end of the treatment period (3
months)

Proportion of patients achieving a total response at the end of the treatment period (3 months)
Proportion of participants achieving a total response at the first month of the study

Proportion of participants achieving a complete or a partial response after 1 week of treatment
Proportion of participants achieving a total response at the 1st week of the study

Proportion of participants achieving a complete or a partial response after 1 month of treatment
Time of relapse

10.Proportion of participants who suffer any AE

11.Proportion of local reactions

12.Proportion of participants whose serum rapamycin level is detectable

w N

e A

13.Proportion of participants whose laboratory tests became abnormal when at screening were not

14.Proportion of participants whose blood pressure or whose respiratory/ heart rate became abnor-
mal

Starting date

29/03/2012

Contact information

Fundacién Investigacion Hospital Ramdn y Cajal, Fundacién Hospital Ramén y Cajal,
ipablo.hrc@salud.madrid.org

Notes
NCT02860494
Study name Topical Everolimus in Patients With Tuberous Sclerosis Complex (EVEROST)
Methods Randomised, placebo-controlled, unclear blinding, unclear diagnosis criteria, multicentre (France)

Participants

146 participants aged more than 2 years, with a diagnosis of TSC, with 3 or more facial angiofibro-
ma

Interventions

Topical everolimus with unclear dose and frequency of administration, intended to be treated for 6
months

Outcomes 1. AE
2. Mean reduction of the validated and published score for assessment of angiofibromas
3. FASI after 6 months of treatment
4. Clinical assessment of FA: mean reduction of a composite clinical score (0 - 12) for FA
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Blinded assessment of the redness and extension using Reactiv’IP system

FA size (in mm) of the 3 largest targeted FA papules

Dermatologist’s global assessment of efficacy

Participant or parents self-assessment

DLQI for adults and CDLQI for children to assess dermatological QoL

10.Correlation of the results of FASI blindly assessed and the clinical assessment of FA,

11.Participant self-assessment: composite scores of 5 items (stinging, burning, itching, dryness, and
scaling), each item consists of 3 states: 0 = absent, 1 = mild, 2 = moderate and 3 = severe

12.The physicians will assess dryness and scaling scores
13.Quantification of blood levels of topical everolimus

w X NG

14.Laboratory assessments (creatinine, serum electrolytes including sodium, potassium, chlorine,
carbon dioxide, calcium, total protein and urea, liver enzymes, total cholesterol, triglycerides, glu-
cose, complete blood count)

Starting date

Registered on August 9 2016, estimated starting date December 2020

Contact information

Alice PHAN, MD, 4 27 85 61 26 ext +33, alice.phan01@chu-lyon.fr

Notes
NCT03363763
Study name Topical Sirolimus Ointment for Cutaneous Angiofibromas in Subjects With Tuberous Sclerosis
Complex
Methods Randomised, unclear diagnostic criteria, double-blind, placebo-controlled, multicentre (USA).

Participants

Males or non-pregnant females aged 2 to 18 years, with visible FAs of at least grade 2, unclear num-
ber of expected participants

Interventions

3arms

1. Sirolimus 0.2%
2. Sirolimus 0.4%
3. Placebo

Applied topically once daily at night before going to bed, duration of treatment intended is 12
weeks

Outcomes

1. Skin lesion response,
2. The proportion of participants with a clinical response of treatment success

Starting date

06/12/2017

Contact information

Cynthia S Sandy, RN, BSN, MS, PMP, 770-545-4030, cindy.sandy@peachtreebrs.com

Notes

NCT03826628

Study name

Dose-Ranging Efficacy and Safety Study of Topical Rapamycin Cream for Facial Angiofibroma Asso-
ciated With Tuberous Sclerosis Complex
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NCT03826628 (Continued)

Methods Randomised, double-blind, new diagnostic criteria Northrup 2013, placebo-controlled, multicentre
(USA, Australia, New Zealand, Spain)

Participants 120 participants aged between 6 and 65 years will be randomised

Interventions 3 arms, topically applied once a day for 26 weeks

1. 0.5% Rapamycin cream
2. 1.0% Rapamycin cream
3. Placebo

Outcomes 1. Improvement of FA
2. Success on the Investigator Global Assessment scale,
3. The change in grading on the FASI from baseline

Starting date Study start date July 28 2019
Contact information Jennifer Zhang, + 64 9 488 0232 ext 710, jenniferz@aftpharm.com
Notes

AE: adverse event: LQI: Children's Dermatology Life Quality Index; DLQI: Dermatology Life Quality Index; FA: facial angiofibroma; FASI:
Facial Angiofibroma Severity Index ; 1Q: intelligence quotient; QoL: quality of life; TSC: tuberous sclerosis complex

DATA AND ANALYSES

Comparison 1. Systemic administration of rapamycin or rapalogs versus placebo

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Response to tumour size (50% 2 Risk Ratio (M-H, Fixed, 95% CI)  Subtotals only
reduction from baseline)

1.1.1 Angiomyolipoma 2 162 Risk Ratio (M-H, Fixed, 95% CI)  24.69 [3.51,173.41]

1.1.2 Subependymal giant cell as- 1 117 Risk Ratio (M-H, Fixed, 95% Cl)  27.85[1.74, 444.82]
trocytoma (SEGA)

1.2 Response to skin lesions 2 Risk Ratio (M-H, Fixed, 95% CI) ~ Subtotals only
1.2.1 At 6 months 2 224 Risk Ratio (M-H, Fixed, 95% Cl)  5.78 [2.30, 14.52]
1.3 Increased creatinine levels 1 Risk Ratio (M-H, Fixed, 95% CI)  Subtotals only
1.3.1 At 6 months 1 118 Risk Ratio (M-H, Fixed, 95% CI)  0.16[0.02, 1.53]
1.4 Reduction in seizure frequency 1 Risk Ratio (M-H, Fixed, 95% CI) ~ Subtotals only
1.4.1 Seizure-free at 18 weeks 1 366 Risk Ratio (M-H, Fixed, 95% CI)  5.30 [0.69, 40.57]
1.4.2 50% reduction in seizure fre- 1 366 Risk Ratio (M-H, Fixed, 95% CI)  2.28[1.44, 3.60]
quency
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.4.3 25% reduction in seizure fre- 1 366 Risk Ratio (M-H, Fixed,95% CI)  1.63[1.27,2.09]

quency

1.5 Change in attention and exec- 1 Mean Difference (IV, Fixed, 95%  Subtotals only

utive function - Stockings of Cam- Cl)

bridge (CANTAB)

1.5.1 At 6 months 1 42 Mean Difference (IV, Fixed, 95%  -1.26 [-2.03, -0.49]
Cl)

1.6 Socialization and behaviour 1 Mean Difference (IV, Fixed, 95%  Subtotals only

(Social Cognition - SRS) Cl)

1.6.1 At 6 months 1 42 Mean Difference (IV, Fixed, 95%  -4.98 [-17.34, 7.38]
cl)

1.7 Adverse events 5 Risk Ratio (M-H, Random, 95%  Subtotals only
Cl)

1.7.1 Any adverse event 5 680 Risk Ratio (M-H, Random, 95%  1.09[0.97, 1.22]
Cl)

1.7.2 Adverse events leading to 4 633 Risk Ratio (M-H, Random, 95%  2.61[1.58, 4.33]

dose reduction, interruption or Cl)

withdrawal

1.7.3 Severe adverse events 2 413 Risk Ratio (M-H, Random, 95%  2.35[0.99, 5.58]
cl)

Analysis 1.1. Comparison 1: Systemic administration of rapamycin or rapalogs
versus placebo, Outcome 1: Response to tumour size (50% reduction from baseline)

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Angiomyolipoma
Bissler 2013 (EXIST 2) 33 79 0 39 49.7% 33.50 [2.11, 532.75] —
Franz 2013 (EXIST 1) 16 30 0 14 50.3% 15.97 [1.03, 248.56] I E—
Subtotal (95% CI) 109 53 100.0% 24.69 [3.51, 173.41] ‘
Total events: 49 0

Heterogeneity: Chi2 = 0.14, df =1 (P = 0.70); 12 = 0%
Test for overall effect: Z = 3.22 (P = 0.001)

1.1.2 Subependymal giant cell astrocytoma (SEGA)

Franz 2013 (EXIST 1) 27 78 0 39 100.0% 27.85[1.74 , 444.82] _._
Subtotal (95% CI) 78 39 100.0% 27.85 [1.74 , 444.82] ‘
Total events: 27 0

Heterogeneity: Not applicable
Test for overall effect: Z = 2.35 (P = 0.02)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P < 0.00001), I2 = 0% o.o1 o 1 o 1000
Favours placebo Favours rapamycin/rapalog
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Analysis 1.2. Comparison 1: Systemic administration of rapamycin
or rapalogs versus placebo, Outcome 2: Response to skin lesions

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 At 6 months
Bissler 2013 (EXIST 2) 20 77 0 37 11.4% 19.97 [1.24, 321.48] e
Franz 2013 (EXIST 1) 30 72 4 38 88.6% 3.96 [1.51, 10.40] _._
Subtotal (95% CI) 149 75 100.0% 5.78 [2.30, 14.52] ‘
Total events: 50 4
Heterogeneity: Chi2 = 1.35, df = 1 (P = 0.24); I2 = 26%
Test for overall effect: Z = 3.74 (P = 0.0002)
Test for subgroup differences: Not applicable 0.0:05 Ofl 1 1:0 260
Fav. placebo Fav. rapamycin or rapalog

Analysis 1.3. Comparison 1: Systemic administration of rapamycin
or rapalogs versus placebo, Outcome 3: Increased creatinine levels

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 At 6 months
Bissler 2013 (EXIST 2) 1 79 3 39 100.0% 0.16 [0.02, 1.53] _.__
Subtotal (95% CI) 79 39 100.0% 0.16 [0.02, 1.53] ‘.
Total events: 1 3

Heterogeneity: Not applicable
Test for overall effect: Z =1.59 (P =0.11)

0005 01 1 10 200
Favours rapamycin/rapalog Favours placebo
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Analysis 1.4. Comparison 1: Systemic administration of rapamycin or

rapalogs versus placebo, Outcome 4: Reduction in seizure frequency

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 Seizure-free at 18 weeks
French 2016 (EXIST 3) 11 247 1 119 100.0% 5.30[0.69, 40.57] __._
Subtotal (95% CI) 247 119 100.0% 5.30 [0.69 , 40.57] -‘
Total events: 11 1
Heterogeneity: Not applicable
Test for overall effect: Z = 1.61 (P = 0.11)
1.4.2 50% reduction in seizure frequency
French 2016 (EXIST 3) 85 247 18 119 100.0% 2.28[1.44, 3.60] .
Subtotal (95% CI) 247 119 100.0% 2.28 [1.44 , 3.60] ‘
Total events: 85 18
Heterogeneity: Not applicable
Test for overall effect: Z = 3.51 (P = 0.0004)
1.4.3 25% reduction in seizure frequency
French 2016 (EXIST 3) 152 247 45 119 100.0% 1.63[1.27,2.09] -
Subtotal (95% CI) 247 119 100.0% 1.63 [1.27, 2.09] ‘
Total events: 152 45
Heterogeneity: Not applicable
Test for overall effect: Z = 3.81 (P = 0.0001)

10 100
Favours Rapamycin

001 01
Favours placebo

Analysis 1.5. Comparison 1: Systemic administration of rapamycin or rapalogs versus placebo,
Outcome 5: Change in attention and executive function - Stockings of Cambridge (CANTAB)

Rapamycin or rapalogs Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total  Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.5.1 At 6 months
Krueger 2017 (1) -1.84 1.32 29 -0.58 1.11 13 100.0%  -1.26 [-2.03,-0.49] _._
Subtotal (95% CI) 29 13 100.0%  -1.26 [-2.03, -0.49] ’

Heterogeneity: Not applicable
Test for overall effect: Z = 3.20 (P = 0.001)

Footnotes
(1) Intervention was everolimus

2 a1 0 1 2
Favours placebo Favours rapamycin or rapalogs

Analysis 1.6. Comparison 1: Systemic administration of rapamycin or rapalogs

versus placebo, Outcome 6: Socialization and beh

aviour (Social Cognition - SRS)

Rapamycin or rapalogs Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.6.1 At 6 months
Krueger 2017 (1) 76.17 18.98 29 81.15 18.86 13 100.0% -4.98 [-17.34, 7.38] _.__
Subtotal (95% CI) 29 13 100.0% -4.98 [-17.34 , 7.38] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 0.79 (P = 0.43)

Footnotes
(1) Intervention used was everolimus

10 20
Favours placebo

20 -10
Favours rapamycin or rapalogs

0
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Analysis 1.7. Comparison 1: Systemic administration of
rapamycin or rapalogs versus placebo, Outcome 7: Adverse events
Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.7.1 Any adverse event
Bissler 2013 (EXIST 2) 51 79 28 39 12.9% 0.90[0.70, 1.16]
Franz 2013 (EXIST 1) 75 78 35 39 26.1% 1.07 [0.96, 1.20]
French 2016 (EXIST 3) 231 247 92 119 27.6% 1.21[1.09, 1.34] =
Krueger 2017 30 32 10 15 7.6% 1.41[0.97, 2.03]
Overwater 2019 17 17 15 15 25.8% 1.00[0.89, 1.12]
Subtotal (95% CI) 453 227 100.0% 1.09 [0.97 , 1.22]
Total events: 404 180
Heterogeneity: Tau2 = 0.01; Chi2 = 11.11, df = 4 (P = 0.03); I2 = 64%
Test for overall effect: Z = 1.41 (P = 0.16)
1.7.2 Adverse events leading to dose reduction, interruption or withdrawal
Bissler 2013 (EXIST 2) 38 79 8 39 54.7% 2.34[1.21, 4.53] —m—
Franz 2013 (EXIST 1) 38 78 4 39 26.9% 4.75[1.83,12.35] P —
French 2016 (EXIST 3) 9 247 2 119 10.9% 2.17[0.48,9.88] JEN
Overwater 2019 2 17 2 15 7.5% 0.88[0.14, 5.52]
Subtotal (95% CI) 421 212 100.0% 2.61[1.58,4.33] ‘
Total events: 87 16
Heterogeneity: Tauz = 0.01; Chi2 = 3.08, df = 3 (P = 0.38); I2= 3%
Test for overall effect: Z = 3.73 (P = 0.0002)
1.7.3 Severe adverse events
French 2016 (EXIST 3) 52 247 13 119 82.8% 1.93[1.09, 3.40] _._
Krueger 2017 13 32 1 15 17.2% 6.09 [0.88 , 42.37] 4 =)
Subtotal (95% CI) 279 134 100.0% 2.35[0.99, 5.58] ‘
Total events: 65 14

Heterogeneity: Tau? = 0.15; Chi2 = 1.29, df = 1 (P = 0.26); 12 = 22%

Test for overall effect: Z = 1.94 (P = 0.05)

Favours rapamycin or rapalog

Comparison 2. Topical administration of rapamycin or rapalogs versus placebo

0102 05 1 2 5 10
Favours placebo

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

2.1 Improvement in skin lesions 3 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
2.1.1 Any skin lesion 2 187 Risk Ratio (M-H, Fixed, 95% Cl) 2.72[1.76,4.18]
2.1.2 Facial angiofibroma at over 1 62 Risk Ratio (M-H, Fixed, 95% Cl) 28.74[1.78,463.19]
1 and up to 3 months

2.1.3 Facial angiofibroma atover 1 62 Risk Ratio (M-H, Fixed, 95% Cl) 39.39[2.48, 626.00]
3 and up to 6 months

2.1.4 Cephalic plaques at over 1 1 29 Risk Ratio (M-H, Fixed, 95% Cl) 10.93[0.64, 186.08]

and up to 3 months
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

2.1.5 Cephalic plaques at over 3 1 29 Risk Ratio (M-H, Fixed, 95% Cl) 7.38[1.01,53.83]

and up to 6 months

2.2 Deterioration in skin lesions 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only

2.2.1 At 6 months 1 164 Risk Ratio (M-H, Fixed, 95% Cl) 0.27[0.15, 0.49]

2.3 Mean general improvementin 1 36 Mean Difference (IV, Fixed, 95% -1.01[-1.68,-0.34]

facial angiofibroma at 12 weeks Cl)

2.3.1 Child Group 1 18 Mean Difference (IV, Fixed, 95% -1.50 [-2.64, -0.36]
ol)

2.3.2 Adult Group 1 18 Mean Difference (IV, Fixed, 95% -0.75[-1.58, 0.08]
Cl)

2.4 Change in quality of life (com- 1 Mean Difference (IV, Fixed,95%  Subtotals only

bined DLQI and CDLQI) Cl)

2.4.1 At 6 months 1 62 Mean Difference (IV, Fixed, 95% 0.30[-1.01, 1.61]
cl)

2.5 Mean participant satisfaction 1 36 Mean Difference (IV, Fixed, 95% -0.92 [-1.79,-0.05]

at 12 weeks Cl)

2.5.1 Child Group 1 18 Mean Difference (IV, Fixed, 95% -1.50 [-2.69, -0.31]
Cl)

2.5.2 Adult Group 1 18 Mean Difference (IV, Fixed, 95% -0.25[-1.52,1.02]
Cl)

2.6 Adverse events 3 Risk Ratio (M-H, Random, 95% Subtotals only
Cl)

2.6.1 Any adverse event 3 277 Risk Ratio (M-H, Random, 95% 1.72[1.10,2.67]
cl)

2.6.2 Severe Adverse Events 1 179 Risk Ratio (M-H, Random, 95% 0.78[0.19, 3.15]

Rapamycin and rapalogs for tuberous sclerosis complex (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

66



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Analysis 2.1. Comparison 2: Topical administration of rapamycin or
rapalogs versus placebo, Outcome 1: Improvement in skin lesions

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Any skin lesion
Koenig 2012 11 15 3 8 17.9% 1.96 [0.76 , 5.03] -
Koenig 2018 83 113 13 51  82.1% 2.88[1.78, 4.67] |
Subtotal (95% CI) 128 59 100.0% 2.72[1.76 , 4.18] ‘
Total events: 94 16

Heterogeneity: Chi? = 0.52, df =1 (P = 0.47); 2= 0%
Test for overall effect: Z = 4.53 (P < 0.00001)

2.1.2 Facial angiofibroma at over 1 and up to 3 months

Wataya-Kaneda 2018 13 30 0 32 100.0% 28.74[1.78 , 463.19] _._
Subtotal (95% CI) 30 32 100.0%  28.74[1.78,463.19] e
Total events: 13 0

Heterogeneity: Not applicable
Test for overall effect: Z =2.37 (P = 0.02)

2.1.3 Facial angiofibroma at over 3 and up to 6 months

Wataya-Kaneda 2018 18 30 0 32 100.0% 39.39[2.48, 626.00] _._
Subtotal (95% CI) 30 32 100.0% 39.39 [2.48 , 626.00] ‘
Total events: 18 0

Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)

2.1.4 Cephalic plaques at over 1 and up to 3 months

Wataya-Kaneda 2018 4 13 0 16 100.0% 10.93 [0.64 , 186.08] __._
Subtetal (95% CI) 13 16 100.0% 10.93 [0.64 , 186.08] .‘
Total events: 4 0

Heterogeneity: Not applicable
Test for overall effect: Z = 1.65 (P = 0.10)

2.1.5 Cephalic plaques at over 3 and up to 6 months

Wataya-Kaneda 2018 6 13 1 16 100.0% 7.38[1.01, 53.83] _._
Subtetal (95% CI) 13 16 100.0% 7.38 [1.01, 53.83] ‘
Total events: 6 1

Heterogeneity: Not applicable
Test for overall effect: Z = 1.97 (P = 0.05)

0.001 01 1 10 1000

Favours placebo Favours rapamycin or rapalogs

Analysis 2.2. Comparison 2: Topical administration of rapamycin or
rapalogs versus placebo, Outcome 2: Deterioration in skin lesions

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.2.1 At 6 months
Koenig 2018 14 113 23 51 100.0% 0.27 [0.15, 0.49] '
Subtotal (95% CI) 113 51 100.0% 0.27 [0.15, 0.49] ‘
Total events: 14 23

Heterogeneity: Not applicable
Test for overall effect: Z = 4.39 (P < 0.0001)

001 01 1

10

100

Favours rapamycin or rapalogs Favours placebo
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Analysis 2.3. Comparison 2: Topical administration of rapamycin or rapalogs versus
placebo, Outcome 3: Mean general improvement in facial angiofibroma at 12 weeks

Rapamycin or rapalogs Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.3.1 Child Group
Wataya-Kaneda 2017 (1) 2 1.04 12 35 1.22 6 34.8%  -1.50[-2.64,-0.36] —.
Subtotal (95% CI) 12 6 34.8% -1.50 [-2.64 , -0.36] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 2.58 (P = 0.010)

2.3.2 Adult Group
Wataya-Kaneda 2017 (2) 2.75 0.87 12 35 0.84 6  65.2% -0.75[-1.58, 0.08] ——
Subtotal (95% CI) 12 6 652% -0.75 [-1.58 , 0.08] ’

Heterogeneity: Not applicable
Test for overall effect: Z = 1.76 (P = 0.08)

Total (95% CI) 24 12 100.0% -1.01 [-1.68 , -0.34] ’

Heterogeneity: Chi2 =1.08, df =1 (P = 0.30); I2 = 8%

Test for overall effect: Z = 2.95 (P = 0.003) oD 1 0 1 2

Test for subgroup differences: Chiz = 1.08, df =1 (P = 0.30), 2= 7.8% Favours rapamycin or rapalogs Favours placebo
Footnotes

(1) Intervention used was sirolimus. Scoring system such that 1 shows remarkable improvement up to 5 showing worse condition.
(2) Intervention used was sirolimus. Scoring system such that 1 shows remarkable improvement up to 5 showing worse condition

Analysis 2.4. Comparison 2: Topical administration of rapamycin or rapalogs
versus placebo, Outcome 4: Change in quality of life (combined DLQI and CDLQI)

Rapamycin or rapalogs Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.4.1 At 6 months
Wataya-Kaneda 2018 (1) -0.2 2.9 30 -0.5 2.3 32 100.0%  0.30[-1.01,1.61]
Subtotal (95% CI) 30 32 100.0% 0.30 [-1.01, 1.61]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.45 (P = 0.65)

2 1 0 1 2
Footnotes Favours rapamycin or rapalogs Favours placebo

(1) Intervention used was sirolimus. Combined Dermatology Life Quality Index (DLQI) and Child Dermatology Life Quality Index (CDLQI)
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Analysis 2.5. Comparison 2: Topical administration of rapamycin or rapalogs
versus placebo, Outcome 5: Mean participant satisfaction at 12 weeks

Rapamycin or rapalogs Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
2.5.1 Child Group
Wataya-Kaneda 2017 (1) 2.17 0.83 12 3.67 1.37 6 533%  -1.50[-2.69,-0.31] — .
Subtotal (95% CI) 12 6 53.3% -1.50 [-2.69 , -0.31] ‘

Heterogeneity: Not applicable
Test for overall effect: Z = 2.47 (P =0.01)

2.5.2 Adult Group

Wataya-Kaneda 2017 (1) 2.92 1.24 12 3.17 1.33 6  46.7% -0.25[-1.52, 1.02]
Subtotal (95% CI) 12 6 46.7% -0.25 [-1.52, 1.02] i
Heterogeneity: Not applicable

Test for overall effect: Z = 0.38 (P =0.70)

Total (95% CI) 24 12 100.0% -0.92 [-1.79 , -0.05]

Heterogeneity: Chi2 = 1.97, df = 1 (P = 0.16); I = 49%

Test for overall effect: Z = 2.06 (P = 0.04) 4 o 0 > 4
Test for subgroup differences: Chiz=1.97, df =1 (P = 0.16), 2 = 49.2% Favours rapamycin or rapalogs Favours placebo
Footnotes

(1) Intervention used was sirolimus.

Analysis 2.6. Comparison 2: Topical administration of rapamycin
or rapalogs versus placebo, Outcome 6: Adverse events

Rapamycin or rapalogs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.6.1 Any adverse event
Wataya-Kaneda 2018 27 30 22 32 45.2% 1.31[1.01, 1.70] -
Koenig 2018 72 122 17 57  35.9% 1.98[1.29, 3.03] -
Wataya-Kaneda 2017 20 24 4 12 18.9% 2.50[1.10, 5.68] =
Subtotal (95% CI) 176 101  100.0% 1.72 [1.10, 2.67] ‘
Total events: 119 43

Heterogeneity: Tau? = 0.09; Chi2 = 5.73, df = 2 (P = 0.06); I2 = 65%
Test for overall effect: Z = 2.39 (P = 0.02)

2.6.2 Severe Adverse Events

Koenig 2018 5 122 3 57 100.0% 0.78 [0.19, 3.15]
Subtotal (95% CI) 122 57 100.0% 0.78 [0.19, 3.15]
Total events: 5 3

Heterogeneity: Not applicable

Test for overall effect: Z = 0.35 (P = 0.73)
Test for subgroup differences: Chi? = 0.00, df = 1 (P < 0.00001), I2 = 0% ol o1 i 5 1o
Favours rapalogs Favours placebo

ADDITIONAL TABLES

Table 1. List of adverse events in oral (systemic) administration of everolimus (rapalog) updated for 2020 review

Adverse events Everolimus (n =404) Placebo (n=197)
Stomatitis 209 (51.7%) 22 (11.1%)
Rapamycin and rapalogs for tuberous sclerosis complex (Review) 69
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Table 1. List of adverse events in oral (systemic) administration of everolimus (rapalog) updated for 2020
review (Gontinued,

asopahryngiti 70 (17.3%) 40 (20.3%)
Acne-like skin lesions/Acne 28 (6.9%) 5(2.5%)
Rash 29 (7.2%) 5 (2.5%)
Convulsion 18 (4.5%) 10 (5.1%)
Pyrexia 58 (14.3%) 12 (6.1%)
Headache 31 (7.7%) 13 (6.6%)
Cough 52 (12.9%) 13 (6.6%)
Hypercholesterolaemia 31(7.7%) 2 (1.0%)
Hypertriglyceridaemia 14 (3.5%) 2 (1.0%)
Aphthous stomatitis 15 (3.7%) 4(2.0%)
Fatigue 25 (6.2%) 8 (4.1%)
Mouth ulceration 38 (9.4%) 4(2.0%)
Nausea 13 (3.2%) 5(2.5%)
Urinary tract infection 12 (3.0%) 6 (3.0%)
Bronchitis 8(2.0%) 4(2.0%)
Ear infection/ Otitis media 17 (4.2%) 3(1.5%)
Pharyngitis 22 (5.4%) 2 (1.0%)
Vomiting 52 (12.9%) 18 (9.1%)
Anaemia 10 (2.5%) 1 (0.5%)
Arthralgia 10 (2.5%) 2 (1.0%)
Diarrhoea 68 (16.8%) 10 (5.1%)
Abdominal pain 9 (2.2%) 3(1.5%)
Blood lactate dehydrogenase increased 9(2.2%) 2 (1.0%)
Hypophosphataemia 9 (2.2%) 0 (0.0%)
Eczema 8(2.0%) 3(1.5%)
Leucopenia 8 (2.0%) 3(1.5%)
Oropharyngeal pain 8(2.0%) 4(2.0%)
Upper respiratory tract infection 55 (13.6%) 24 (12.2%)
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Table 1. List of adverse events in oral (systemic) administration of everolimus (rapalog) updated for 2020

reyiew coptinusdlive 19 (4.7%) 7 (3.6%)
Epistaxis 10 (2.5%) 1 (0.5%)
Influenzae 12 (3.0%) 4(2.0%)
Rhinorrhoea 10 (2.5%) 1 (0.5%)

Data were analysed from 3 studies (Bissler 2013 (EXIST 2); Franz 2013 (EXIST 1);French 2016 (EXIST 3)), excluding other 2 studies Krueger
2017, Overwater 2019 due to general adverse events data.

APPENDICES

Appendix 1. Electronic search strategies

Database

Search strategy Date last searched

CENTRAL

A. MeSH-term-based search strategy: 15 July 2022
#1 MeSH descriptor Tuberous Sclerosis explode all trees (Issue 7,2022)
#2 MeSH descriptor Sirolimus explode all trees

#3 MeSH descriptor Everolimus explode all trees

#4 #2 OR #3

#5#1 AND #4

B. Free-text-based search strategy:

(tuberous sclerosis OR Adenoma Sebaceum OR Bourneville* Disease OR
Bourneville Phacomatosis OR Bourneville Phakomatosis OR Bourneville
Pringle* Disease OR Bourneville Syndrome OR Bourneville Syndrome) AND
((Sirolimus OR Rapamycin OR Rapamune OR |-2190A OR 12190A OR 1 2190A OR
AY 22-989 OR AY 22989 OR AY 22 989) OR (Everolimus OR 001, RAD OR 40-0O-
(2-hydroxyethyl)-rapamycin OR Afinitor OR Certican OR RAD 001 OR RAD, SDZ
OR RADO001 OR SDZ RAD OR SDZ-RAD) OR (temsirolimus OR torisel OR CCI-779
OR biolimus A9 OR zotarolimus OR ABT-578 OR deforolimus OR AP23573 OR
MK-8669 OR ridaforolimus)):ti,ab,ky

C. Filtering options for CENTRAL:

We searched trial records only without any other filtering.

Ovid MEDLINE

1 randomized controlled trial.pt. 15 July 2022
2 controlled clinical trial.pt.

3randomized.ab.

4 placebo.ab.

5drug therapy.fs.

6 randomly.ab.

7 trial.ab.

Rapamycin and rapalogs for tuberous sclerosis complex (Review) 71
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(Continued)
8 groups.ab.
91lor2or3or4or5or6or7or8
10 exp animals/ not humans.sh.
119not10
12 exp Tuberous Sclerosis Complex/
13 (tuberous sclerosis OR adenoma sebaceum OR bourneville* disease OR
bourneville phacomatosis OR bourneville phakomatosis OR bourneville
pringle* disease OR bourneville syndrome OR bourneville syndrome)
1412 0r13
15 exp Sirolimus/
16 exp Everolimus/
17 (sirolimus OR rapamycin OR rapamune OR I-2190A OR 12190A OR | 2190A OR
AY 22-989 OR AY 22989 OR AY 22 989)
18 (everolimus OR 001, RAD OR 40-0-(2-hydroxyethyl)-rapamycin OR Afinitor
OR Certican OR RAD 001 OR RAD, SDZ OR RAD001 OR SDZ RAD OR SDZ-RAD)
19 (temsirolimus OR torisel OR CCI-779 OR biolimus A9 OR zotarolimus OR
ABT-578 OR deforolimus OR AP23573 OR MK-8669 OR ridaforolimus)
20150rl6o0rl7orl8orl19
2111 and 14 and 20

Clinicaltrials.gov ADVANCED SEARCH FORM 15 July 2022
Condition or disease: tuberous sclerosis OR adenoma sebaceum OR
bourneville* disease OR bourneville phacomatosis OR bourneville phakomato-
sis OR bourneville pringle* disease OR bourneville syndrome OR bourneville
syndrome
Phase: Phase 2, Phase 3, Phase 4

WHO ICTRP ADVANCED SEARCH FORM 15 July 2022

Condition: tuberous sclerosis OR adenoma sebaceum OR bourneville* disease
OR bourneville phacomatosis OR bourneville phakomatosis OR bourneville
pringle* disease OR bourneville syndrome OR bourneville syndrome

Phases: Phase 2, Phase 3, Phase 4

WHAT'S NEW

Date Event Description
11 July 2023 New citation required and conclusions Conclusion currently covers more outcome areas namely seizure
have changed frequency and skin lesions. Conclusion on adverse events was
changed.
11 July 2023 New search has been performed New searches were carried out on 15 July 2022. We have includ-

ed an additional seven studies (bringing the total number of
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Date Event Description

included studies to 10) and excluded an additional 48 studies
(bringing the total number of excluded studies to 68).

We now present the data by systemic administration (six studies)
and topical administration (four studies).

HISTORY

Protocol first published: Issue 9, 2014
Review first published: Issue 7, 2016

CONTRIBUTIONS OF AUTHORS

Original review

NFDI searched for studies and applied the inclusion criteria for including studies into this review as well as extracted the data from the
included studies and entered the data into RevMan. THS and NFDI carried out the analyses. THS and ZAMH interpreted the analyses. THS
and ZAMH drafted the final review. THS and ZAMHZH secured funding for the review. All authors approved the final version of the review.

2022 update

SCSH searched for studies and applied the inclusion criteria for including studies into this review. SCSH and TXYJ extracted the data from
theincluded studies and entered the data into RevMan. THS and KK verified the study screening and data extraction as well as carried out
the analyses. THS, KK and ZAMH interpreted the analyses. THS, ZAMH, and KK drafted the final review. THS and ZAMH secured funding for
the review. All authors approved the final version of the review.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We included in this review additional secondary outcomes, skin lesion response and other outcomes relevant to individuals' well-being.

At the time of protocol writing, we did not consider other outcomes as previously listed in our protocol. However, we now realise the clinical
relevance of 'skin lesion response' which is measured in the studies included in the original review (Bissler 2013 (EXIST 2); Franz 2013
(EXIST 1); Koenig 2012). In addition, because tuberous sclerosis complex is a systemic disorder affecting multiple organs and systems, it
is reasonable to consider other outcomes that may affect individuals' well-being. As such, in the current updated version of the review
we report quality of life, participant satisfaction, as well as neurocognitive, neuropsychiatry, behavioral, sensory and motor development
outcomes.

Rapamycin and rapalogs for tuberous sclerosis complex (Review) 73
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

We highlighted our changes as a post hoc change and added the new outcomes into the summary of findings tables.

Whenever applicable, we separated the analyses of efficacy and adverse effects into systemic administration and topical administration,
including the summary of findings tables. For sensitivity analyses, we decided to remove the requirement "if 10 or more studies are
included in the review" in view of the fact that this disorder is rare. For an assessment of heterogeneity, we decided to remove the following
sentence "When there are more than five studies included, the authors will test for heterogeneity between studies using a standard Chi?
test and |2 statistic". We added rapalogs to the search terms.

INDEX TERMS

Medical Subject Headings (MeSH)

*Angiofibroma; *Angiomyolipoma; *Astrocytoma [drug therapy]; Everolimus [adverse effects]; *Kidney Neoplasms [drug therapy];
MTOR Inhibitors; Sirolimus [adverse effects]; *Tuberous Sclerosis [complications] [drug therapy]

MeSH check words

Adult; Humans; Male
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