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The emergence of adeno-associated virus (AAV)-based gene
therapy has brought hope to patients with severe monogenic
disorders. However, immune responses to AAV vectors and
transgene products present challenges that require effective
immunosuppressive strategies. This systematic review focuses
on the immunosuppressive protocols used in 38 clinical trials
and 35 real-world studies, considering a range of monogenic
diseases, AAV serotypes, and administration routes. The re-
view underscores the need for a deeper understanding of
immunosuppressive regimens to enhance the safety and effec-
tiveness of AAV-based gene therapy. Characterizing the immu-
nological responses associated with various gene therapy treat-
ments is crucial for optimizing treatment protocols and
ensuring the safety and efficacy of forthcoming gene therapy
interventions. Further research and understanding of the
impact of immunosuppression on disease, therapy, and route
of administration will contribute to the development of more
effective and safer gene therapy approaches in the future.

INTRODUCTION
Gene therapy clinical trials using adenovirus (AdV) or adeno-associ-
ated virus (AAVs) as delivery systems have been ongoing since the
late 1990s.1–3 The first phase 1 clinical trial of AdV-based gene ther-
apy in 1996 delivered the cystic fibrosis transmembrane conductance
regulator (CFTR) gene to patients with cystic fibrosis.2 However, in
1999, gene therapy research was abruptly halted due to the death of
Jesse Gelsinger after treatment for ornithine-transcarbamylase
(OTC) hepatic enzyme deficiency with AdV-based gene therapy.4 Af-
ter Gelsinger received an injection of an AdV vector carrying a wild-
type version of the OTC enzyme and died soon after, an immediate
review was prompted which raised questions regarding the safety pro-
file of viral vectors. It was found that blood samples from Jesse Gel-
singer contained high levels of pre-existing antibodies against AdV
serotype 5, and that these antibodies were able to enhance innate im-
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mune responses (in particular dendritic cells) resulting in such an
extreme, and ultimately fatal, inflammatory response.5 This led even-
tually to the use of AAV rather than AdV. In 2012, alipogene tiparvo-
vec was the first approved AAV-mediated gene therapy in Europe for
treating hereditary lipoprotein lipase deficiency using an AAV1 vec-
tor.6 After extensive clinical development, in 2017, voretigene nepar-
vovec (VN; AAV2-hRPE65v2) received the U.S. Food and Drug
Administration (FDA) approval for pediatric patients with RPE65-
associated Leber congenital amaurosis (LCA) and confirmed biallelic
RPE65-mediated retinal dystrophy, which are conditions that result
in progressive vision loss, making it the first-ever FDA-approved
gene therapy.7–10 Similarly, onasemnogene abeparvovec (OA), an
AAV serotype 9 (AAV9)-based gene therapy for pediatric patients
with spinal muscular atrophy (SMA), was first made available in
the United States in 2019 before its approved use in more than 40
countries.11 Rapid and early benefits of OA were demonstrated in
symptomatic patients with infantile-onset SMA in the phase 3
STR1VE12 and STR1VE-EU13 trials, with evidence of sustained and
durable efficacy, as well as a favorable long-term safety profile as
shown in the 5-year extension of the phase 1 trial, START.14 Valoc-
tocogene roxaparvovec and etranacogene dezaparvovec were
approved for the treatment of hemophilia A and B in 2023 and
2022, respectively.15,16 Recently, the FDA approved fidancogene
ecular Therapy Vol. 32 No 10 October 2024 ª 2024 The Authors.
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elaparvovec for adult patients with moderate to severe hemophilia B.
In addition, delandistrogene moxeparvovec-rokl is the first gene ther-
apy approved by the FDA for treatment of Duchenne muscular dys-
trophy (DMD).17,18

The transfer of DNA into specific cell types thus constitutes an elegant
and attractive approach to target the root cause of disease in individ-
uals who present with a severe genetic condition—mostly rare and se-
vere monogenic disorders with haploinsufficiency. To date, the vast
majority of clinical developments in gene therapy rely on AAVs, pri-
marily for the replacement or addition of genes.19,20

Despite recent successful regulatory approvals, one of the challenges
that remains for further successful implementation of AAV-based
gene therapies is overcoming immune responses geared toward the
vector or transgene. Such immune responses can lead to loss of treat-
ment efficacy over time and can also result in severe and sometimes
fatal toxicities in treated patients. Toxicities often manifest as
elevated liver enzymes due to the body’s immune response against
the vector components, such as the capsid or expression cassette
as well as the transgene product, resulting in liver inflammation
and subsequent damage to liver cells, as indicated by alanine amino-
transferase (ALT) and aspartate aminotransferase (AST) release.
Additionally, patients may experience thrombotic microangiopathy
(TMA), including kidney injury, as well as cardiotoxicity.21,22

Although OA has been delivered in more than 1,800 SMA patients
worldwide and demonstrates clear evidence of clinically meaningful
efficacy,12,23 especially when administered early in young infants,24

several adverse events (AEs) related to the host immune response
and complement activation elicited by AAV capsid proteins have
been reported.21,25–27 A study reported the first fatal TMA case
following administration of OA in a 6-month-old child with SMA
type 125 who was a carrier of a potential genetic predisposition in
the complement factor I gene. The finding of severe TMA is likely
due to complement recognition of the AAV capsid following OA
therapy, demonstrating the broad impact of systemic AAV on im-
mune activation and the need for dosing protocols to add immuno-
suppression to avoid these AEs.

Recent strategies to evade detrimental immune responses to AAV
exposure include the engineering of AAV by replacing the viral
genome with a therapeutic expression cassette containing inverted
terminal repeats, promoters and enhancers, and a codon-optimized
gene of interest, while also modifying capsid sequences to yield a re-
combinant AAV (rAAV) that decreases immunogenicity and pro-
longs transduction in host cells.28 However, the challenge of over-
coming host immunity to better enable gene therapy remains.
While AAV infection is considered non-pathogenic in humans, initial
exposure to AAV induces cellular and humoral immune responses
against rAAV due to capsid similarity.29,30 Although AAV has been
known to be a non-pathogenic virus, recent reports of cases of acute
severe hepatitis in children have challenged the idea that AAV is a
harmless virus.31 More specifically, three independent studies pub-
lished in March 2023 demonstrated that infection with AAV2 was
2 Molecular Therapy Vol. 32 No 10 October 2024
linked to recent clusters of unexplained acute severe hepatitis in
children.31–34

Roughly 30%–70% of the general population have pre-existing
neutralizing antibodies (NAbs) against various serotypes, including
AAV1, AAV2, AAV5, AAV6, AAV8, and AAV9, depending on the
geographical location, health status, and assay type, among other fac-
tors across studies.34–36 Immune responses against AAV have also
been observed across different monogenic disorders, causing the
various adverse reactions described above. In addition, immune re-
sponses can sometimes hinder therapeutic effects by eliciting anti-
bodies against AAV capsids, which reduces the expression of the
transgene product. This reduction in expression can also occur if
transduced cells are killed by cytotoxic T cells or if there are immune
responses against the transgene product itself. Humoral immune re-
sponses, measured by different assays as either NAbs and total anti-
bodies (TAbs), can create an immune response barrier to successful
AAV transduction.37,38 NAbs can neutralize capsids, either by inter-
fering with intracellular processes that lead to capsid uncoating or by
blocking key epitopes needed for receptor-mediated uptake into
target cells, thereby decreasing the efficacy of gene transfer ther-
apy.39–41 Opsonization is another mechanism by which anti-AAV
TAbs may impact AAV gene therapy treatment efficacy.42 Further-
more, T cell responses may eliminate transgene-expressing cells, re-
sulting in hepatotoxicity and loss of transgene expression, as seen
in several clinical trials.38,43,44 As such, the host immune response
is an important factor to monitor and temper after gene therapy as
it may relate to both the treatment’s safety and efficacy.

Extensive efforts to suppress immune responses to AAV have been
undertaken across trials. Corticosteroids such as methylprednisolone,
prednisone, and prednisolone are widely used in immunosuppressive
protocols for inhibiting immune responses to AAV by the decrease
of proinflammatory cytokines/chemokines and attenuating liver
toxicity.8,11,45 Early trials of AAV gene therapy used a reactive
approach for administering corticosteroids in response to instances
of elevated liver enzymes, which were thought, in certain cases, to
be linked to an AAV capsid-specific cytotoxic T cell response indica-
tive of liver injury.43,44 Corticosteroid treatment typically resolves the
elevation of liver transaminases.12,43 Subsequent clinical trials incor-
porated prophylactic immunosuppression regimens that included
one or a combination of pharmacotherapies. Corticosteroids bind
to glucocorticoid receptors and modify transcriptional signaling
that results in global anti-inflammatory and immunosuppressive ef-
fects.46 Corticosteroids exert these effects through multiple mecha-
nisms including downregulation of Toll-like receptor expression,
suppression of proinflammatory cytokines, and upregulation of
anti-inflammatory cytokines.47

Other immunosuppressants used in AAV gene therapies include siro-
limus, mycophenolate mofetil, calcineurin inhibitors and rituximab.
Mycophenolate mofetil inhibits T and B cell proliferation by targeting
type II inosine monophosphate dehydrogenase, thus suppressing
both cell-mediated and humoral immune responses.15,45,48–50
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Sirolimus is also used in AAV clinical trials for immune suppression
(e.g., NCT02240407) and works by inhibiting T and B cell activation
and induces regulatory T cells (Tregs) through mammalian target of
rapamycin (mTOR) targeting.50

Calcineurin inhibitors such as tacrolimus exert their immunosup-
pressive effects by suppressing the production of proinflammatory cy-
tokines such as IL-2, thereby inhibiting T cell activation and prolifer-
ation and inhibition of T helper cell-dependent B cell response.51–53

AAV clinical trials also use a combination of immunosuppressant
therapies, either administered before or at the time of AAV dosing,
and these are continued after AAV dosing. The combination of ritux-
imab, sirolimus, and corticosteroids was used in a recent clinical trial
for GM2-gangliosidosis through CNS-directed AAV delivery3 with
no vector-related AEs observed. Moreover, patients received gluco-
corticoids with or without tacrolimus to decrease the risk of vector-
related immune responses.48

While the use of immunosuppressive regimens affords some level of
control over immune responses to AAV gene therapy, these protocols
also comewith an increased risk of infection or viral reactivation, espe-
cially in patients who may already be in a severe clinical condition.
This can question the safety and/or benefit ratio of immunosuppres-
sion—for instance, when low doses of AAV are injected locally or in
a well-delineated space. Despite the importance of an adequate immu-
nosuppressive regimen, there is no consensus or specific guidelines on
which regimen is the most appropriate in terms of risk versus benefit
ratio, either generally ormore specifically in regard toAAVdose, sero-
type, route of administration, and any pre-existing or underlying con-
dition(s). To our knowledge, no formal or informal comparison of the
different immunosuppressive regimens has been conducted.

The aim of this review was to systematically catalog the various
immunosuppressive protocols used across various AAV gene therapy
trials, and to map these according to monogenic disease, gene therapy
treatment (including vector serotype), and route of administration.
Additionally, clinical trials will be mapped according to serious
adverse reactions, including biological biomarkers (e.g., AST, ALT,
thrombocytopenia, and lactate dehydrogenase). We also describe
methods for treating immune responses and evaluate the efficacy of
these protocols.

RESULTS
Study characteristics

Table 1 depicts a summary of the 38 AAV clinical trials assessed in
this review. The included studies were mainly conducted in the
United States (n = 28), the UK (n = 8), Germany (n = 6), Australia
(n = 5), and France (n = 5), with 15 other countries also contributing
to these clinical trials (Table 1). The 38 studies were conducted be-
tween 2008 and 2024, but more than 50% of these studies were con-
ducted between 2021 and 2023 (Figure 1A). Although more than 15
different diseases were included in these clinical trials, the most com-
mon were hemophilia B (n = 8), SMA (n = 7), LCA (n = 5), DMD
(n = 5), and hemophilia A (n = 3).
Types of AAV and routes of administration

A total of 15 different AAV serotypes were used, with the most com-
mon being AAV9 (18%; n = 7) (Figure 1B). In 58% of cases, these
AAV vectors were administered via intravenous injection or infusion
(n = 22) (Figure 1C). However, the route of administration was some-
what dependent on the disease being treated and, therefore, the target
tissue. For example, in clinical trials for ocular conditions, including
LCA, Leber hereditary optic neuropathy, macular degeneration, se-
vere early childhood onset retinal dystrophy, X-linked retinitis pig-
mentosa, and X-linked retinoschisis, the gene therapy vectors were
administered directly into the eye via intravitreal or subretinal injec-
tion, whereas all studies relating to hemophilia A and B used intrave-
nous delivery as the preferred route of administration. Given that
these 38 studies cover more than 15 different diseases and 15 different
AAV serotypes, the doses of each clinical vector are varied and
depend on the disease and vector type. The highest single dose in
each trial is listed in Table 1.

Prophylactic immunosuppression

Clinical studies

When considering the immunosuppressive treatment used in relation
to these AAV gene therapies, in 74% of studies, patients received pro-
phylactic immunosuppression (n = 28) either before (up to 2 weeks in
advance, thoughmore commonly 24–72 h beforehand), on the day of,
or immediately after AAV gene therapy administration (Figure 1D).
In the remaining 26% of cases (n = 10), immunosuppressive treat-
ments were used in response to a range of AEs and serious AEs
(SAEs) associated with the gene therapy product (Table 1). A total
of 8 different immunosuppressants are detailed in the 38 identified
studies (Figure 1D). Themost common immunosuppressants admin-
istered were corticosteroids, either prednisolone, its prodrug predni-
sone, or methylprednisolone. Corticosteroids were used either on
their own, or in conjunction with other immunosuppressants, in
95% (36/38) of the identified studies. Other immunosuppressants
listed in more than one of the identified studies were tacrolimus
(5/34 studies) and mycophenolate mofetil (5/34 studies). Cyclo-
sporine was mentioned in a single study only, as was a combination
of sirolimus and rituximab (Figure 1E). Where specified, the dose
of prednisolone ranged from 1 to 2 mg/kg, with a total daily dose
in the range of 30–60mg. In nearly all cases, prednisolone was admin-
istered in a tapering dose over a period of days and weeks, with stated
durations ranging from 7 to 133 days. Nine studies (26%) had to in-
crease the dose or introduce additional immunosuppressive agents
beyond the initial protocol in response to immunogenicity that
occurred in individual patients.

Real-world evidence

Table 2 depicts a summary of the 35 real-world studies in this review
with the most common studies being SMA (n = 31), inherited retinal
dystrophy (n = 3), and hemophilia (n = 1). These real-world outcomes
support findings from the interventional trial program and demon-
strate the effectiveness of OA in a large patient population, which
was consistent with initial clinical data and published 5-year
follow-up data. Observed AEs were consistent with the established
Molecular Therapy Vol. 32 No 10 October 2024 3
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Table 1. Overview of AAV gene therapy clinical trials

No. Disease AAV gene therapy

No. of
participants and
age ranges Route

Highest
dose Vector type

Immunosuppressive
protocol

Prophylactic
or reactive
regimen

Clinical evidence of
immunosuppression
effectiveness NCT (phase) Reference Country

1 hemophilia A
valoctocogene
roxaparvovec

n = 134; age
range 18–70
years

intravenous
6 � 1013

vg/kg
AAV5

prednisone or
prednisolone tapering
dose of 60 mg per day
for 8 weeks
other
immunosuppressants
were used by 39
participants (29.1%)
because of
contraindications,
side effects, or a poor
or no response to
glucocorticoid
treatment
(budesonide,
tacrolimus,
mycophenolate,
methylprednisolone)

reactive reduced ALT levels NCT03370913 (3)
Mahlangu et al.,
2023, Ozelo
et al., 202215,137

USA
Australia
Belgium
Brazil
France
Germany
Israel
Italy
Republic of
Korea
South
Africa
Spain
Taiwan
UK

2 hemophilia A
valoctocogene
roxaparvovec

n = 9 age >18
years

intravenous
6 � 1013

vg/kg
AAV5

prednisolone,
tapering dose of
60 mg/kg for 2 weeks,
then down to 5 mg/
day for 1 week

prophylactic reduced ALT levels
NCT02576795
(1/2)

Rangarajan et al.,
2017, Long et al.,
2021, Fong et al.,
2022, Pasi et al.,
202159,67,81,85

UK

3 hemophilia A
giroctocogene
fitelparvovec

n = 11 (R18
years)

intravenous
3 � 1013

vg/kg
AAV2/6

prednisone, 60 mg
with dose tapering to
30 mg, 15 mg, and
5 mg/d

reactive reduced ALT levels
NCT03061201
(1/2)

Leavitt et al.,
2024104

USA

4 hemophilia B BBM-H901
n = 10 age >18
years

intravenous
5 � 1012

vg/kg
dsAAV843 prednisone, 1 mg/kg prophylactic

reduced proportion
of cytotoxic T cells
downregulated
percentage of CD16+

monocytes and
dendritic cells

NCT04135300 (1) Xue et al., 202263 China

5 hemophilia B
etranacogene
dezaparvovec

n = 54 age >18
years

intravenous
2.10 � 1013

vg/kg
AAV5

prednisolone or
methylprednisolone
or prednisone,
starting dose 60 mg
with tapering until
5 mg/week

reactive N/A NCT03569891 (3) Pipe et al., 202316

USA
Belgium
Denmark
Germany
Ireland
The
Netherlands
Sweden
UK

6 hemophilia B
verbrinacogene
setparvovec

n = 10 age >18
years

intravenous
1.28 � 1012

vg/kg
AAV2/S3

prednisolone with or
without tacrolimus,
methylprednisolone
at varying doses

prophylactic
and reactive

N/A
NCT03369444 and
NCT03641703
(1/2)

Chowdary et al.,
202248

USA
Ireland
Italy
UK

7 hemophilia B AMT-060
n = 10 age >18
years

intravenous
2 � 1013

gc/kg
AAV5 prednisolone reactive reduced ALT levels

NCT02396342
(1/2)

Majowicz et al.,
2019, Miesbach
et al., 201868;86

Denmark
Germany
The
Netherlands

(Continued on next page)
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Table 1. Continued

No. Disease AAV gene therapy

No. of
participants and
age ranges Route

Highest
dose Vector type

Immunosuppressive
protocol

Prophylactic
or reactive
regimen

Clinical evidence of
immunosuppression
effectiveness NCT (phase) Reference Country

8 hemophilia B SPK-9001
n = 15 R 18
years

intravenous
2 � 1012

vg/kg

a novel,
bioengineered
single-stranded
adeno-associated
viral vector
carrying human
FIX variant

prednisolone, 60 mg reactive reduced ALT levels
NCT02484092
(1/2)

George et al.,
2017105

USA
Australia

9 hemophilia B
BAX 335
(scAAV8.FIXR338)

n = 30 20 to 69
years

intravenous
3 � 1012

vg/kg
AAV8

prednisone, 2.6–
60 mg with dose
tapering

reactive

although
corticosteroid
therapy was
associated with
immediate
normalization of the
IFN-g ELISpot in
participant 6, this
signal remained
elevated for weeks
after the initiation of
prednisone in
participant 7
systemic
corticosteroid
administration
initiated in response
to ALT elevations in
participants 6 and 7,
and as prophylaxis in
participant 8, did not
stabilize FIX activity
levels in these
participants

NCT01687608
(1/2)

Konkle et al.,
202182

USA

10 hemophilia B scAAV2/8-LP1-hFIXco
n = 14 R 18
years

intravenous
2 � 1012

vg/kg
scAAV2/8

prednisolone, 60 mg
with dose tapering

reactive reduced ALT levels
NCT00979238
(1/2)

Nathwani et al.,
2011, Nathwani
et al., 201443,44

USA
UK

11 hemophilia B
etranacogene
dezaparvovec (ATM-061)

n = 3 (ages 43,
47, and 50 years)

intravenous
2 � 1013

gc/kg
AAV5

prednisone, 50 mg for
5 days starting at day
94 for bronchitis
treatment in 1 patient

reactive N/A
NCT03489291
(2b)

Von Drygalski
et al., 2019106

USA

12 DMD
rAAV2.5-CMV-
minidystrophin (d3990)

n = 6; 5–11 years intravenous 3 � 1012 vg AAV2.5
methylprednisolone,
2 mg/kg but limited to
<1 g in total

prophylactic IFN-g levels NCT00428935(1)
Bowles et al.,
2012102

USA

13 DMD
delandistrogene
moxeparvovec

n = 4; 4 to 7 years intravenous
2 � 1014

vg/kg
rAAVrh74

prednisone, 1 mg/kg
with tapering over
30 days

prophylactic

liver enzyme
elevation returned to
normal after
corticosteroids

NCT03375164 (1
and 2)

Mendell et al.,
202066

USA

14 DMD
delandistrogene
moxeparvovec

n = 41; age range
4–8 years

intravenous
2 � 1014

vg/kg
rAAVrh74

prednisone or
prednisolone, 1 mg/kg
daily

prophylactic N/A NCT03769116 (2)
Mendell et al.,
202357

USA

15 DMD
delandistrogene
moxeparvovec

n = 20; age range
R4 to <8 years

intravenous
1.33 � 1014

vg/kg
rAAVrh74

prednisone or
prednisolone, 1 mg/kg
daily

prophylactic N/A NCT04626674 (1)
Zaidman et al.,
2023103

USA

(Continued on next page)
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Table 1. Continued

No. Disease AAV gene therapy

No. of
participants and
age ranges Route

Highest
dose Vector type

Immunosuppressive
protocol

Prophylactic
or reactive
regimen

Clinical evidence of
immunosuppression
effectiveness NCT (phase) Reference Country

16 SMA OA
n = 76; mean age
16.8

intravenous
1 � 1014

vg/kg
AAV9 prednisolone, 1 mg/kg prophylactic N/A

N/A
(observational
study)

Weib et al.,
202283

Germany
Austria

17 SMA OA
n = 15; median
age 32 days
(range, 9–43)

intravenous
1 � 1014

vg/kg
AAV9

prednisolone, initially
1 mg/kg/day, then
increased to 2 mg/kg/
day following
protocol amendments

prophylactic
no SAEs related to
gene therapy product

NCT03505099 (3)
Servais et al.,
202322

USA
Australia
Belgium
Canada
Japan
UK

18 SMA OA
n = 21; age range,
0.5–24 months

intravenous
1 � 1014

vg/kg
AAV9

prednisolone, 1 mg/
kg/day

prophylactic hypertension
N/A (cohort
study)

D’Silva et al.,
2022109

Australia

19 SMA OA
n = 15 up to
6 months

intravenous
2.4 � 1014

vg
AAV9

prednisolone, 1 mg/
kg/day

prophylactic
reduced ALT and
AST levels

NCT02122952 (1)
Mendell et al.,
201711

USA

20 SMA OA
n = 8 age range
10–37 months

intravenous
1.1 � 1014

vg
AAV9

prednisolone, 1 mg/
kg/day

prophylactic

increased
transaminases
typically responded
to steroid treatment

N/A (retrospective
analysis)

Friese et al.,
202165

Germany

21 SMA OA
n = 22 up to
180 days

intravenous
1.1 � 1014

vg
AAV9

prednisolone, 1 mg/
kg/day

prophylactic
prevented elevation
of ALT levels

NCT03306277 (3)
Day et al., 2021,
Mercuri et al.,
202112,13

USA

22
X-linked
myotubular
myopathy

resamirigene bilparvovec
n = 26; age range,
10.0–
64.7 months

intravenous
3.5 � 1014

vg/kg
AAV8

prednisolone (1 mg/
kg) daily

prophylactic N/A
NCT03199469 (2/
3)

Shieh et al.,
202356

USA
Canada
France
Germany

23 LCA2 AAV2-hRPE65v2
n = 12; R18
years

subretinal/intraorbital
1.5 � 1011

vg
AAV2

prednisone, 1 mg/kg/
day for 10 days,
followed by 0.5 mg/
kg/day for 7 days

prophylactic reduced NAb levels NCT00516477 (1)
Maguire et al.,
2008, Simonelli
et al., 20107,10

USA

24 LCA2 rAAV2-CBSB-hRPE65
n = 3; ages 21, 23,
and 24 years

subretinal/intraorbital
5.96 � 1010

vg
AAV2 steroids reactive N/A NCT00481546 (1)

Hauswirth et al.,
200869

USA

25 LHON scAAV2-P1ND4v2
n = 28; 16–56
years

intravitreal
1 � 1010

vg/eye
scAAV2 prednisolone reactive

management of
uveitis

NCT02161380 (1)
Lam et al.,
2022107

USA

26
age-related
macular
degeneration

rAAV.sFLT-1
n = 40; R55
years

subretinal/intraorbital 1 � 1011 AAV2 prednisolone prophylactic N/A NCT01494805 (1)
Rakoczy et al.,
201584

Australia

27

RPE65-deficient
LCA and severe
early childhood-
onset retinal
dystrophy

rAAV2-CB-hRPE65
n = 12; 6 to 39
years

subretinal/intraorbital 6 � 1011 vg AAV2 topical corticosteroids prophylactic

postoperative
treatment with
topical
corticosteroids and
antibiotics
no enzyme-linked
immunospot
response to
transgene or capsid
no vector DNA in the
blood

NCT00749957
(1/2)

Weleber et al.,
2016108

USA

(Continued on next page)
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Table 1. Continued

No. Disease AAV gene therapy

No. of
participants and
age ranges Route

Highest
dose Vector type

Immunosuppressive
protocol

Prophylactic
or reactive
regimen

Clinical evidence of
immunosuppression
effectiveness NCT (phase) Reference Country

28
RPE65-mediated
inherited retinal
dystrophy (LCA)

AAV8-coRPGR codon
optimized RPGR

n = 18; R18
years

subretinal/intraorbital
5 � 1012

vp/mL
AAV8

prednisolone; 1 mg/kg
at start of GT; 60–
30 mg/day upon acute
inflammation

prophylactic

the subretinal
inflammation seems
to have resolved in all
cases by 6 months
after a course of oral
corticosteroids. The
inflammation
seemed to have
resolved in all cases
by 6 months when all
patients had creased
oral corticosteroid
treatment
no patient required
secondary
immunosuppressive
therapy

NCT03116113
(1/2)

Cehajic-
Kapetanovic
et al., 202060

USA
UK

29
RPE65-mediated
inherited retinal
dystrophy (LCA)

VN (AAV2-hRPE65v2)
n = 31; 4–44
years

subretinal/intraorbital
1.5 � 1011

vg
AAV2

prednisone; 1 mg/kg/
day, maximum dose
40 mg/day and
tapered until 3 days
before injection of the
second eye when the
steroid regimen was
repeated

prophylactic N/A NCT00999609 (3)
Russell et al.,
20178

USA

30
X-linked retinitis
pigmentosa

AAV8-RS1
n = 11; 23–72
years

subretinal/intraorbital 3 � 1011 vg AAV8

cyclosporine: 175 mg
twice daily;
mycophenolate
mofetil at 500 and
1,000 mg twice daily;
prednisone at 60 mg

prophylactic not efficacious
NCT02317887
(1/2)

Mishra et al.,
202171

USA

31
X-linked
retinoschisis

cotoretigene toliparvovec
n = 18; 20.7–50.7
years

subretinal/intraorbital 5 � 1011 vg AAV8

preoperative
treatment: 1 mg/kg/
day of prednisolone
(beginning 2 days
before gene therapy,
on the day of surgery
and for 7 days
afterward) followed
by 0.5 mg/kg/day for
7 days, 0.25 mg/kg/
day for 2 days, and
0.125 mg/kg/day for
2 days

postoperative
(additional)
treatment:
prednisolone: 60 mg
daily with tapering;
dexamethasone: 0.1%
or 0.7 mg

prophylactic

1 case of reduced
visual acuity resolved
with corticosteroids
but 1 case did not as
there had been loss of
central
photoreceptors

NCT03116113 (1)
von
Krusenstiern
et al., 2023110

USA
UK

(Continued on next page)
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Table 1. Continued

No. Disease AAV gene therapy

No. of
participants and
age ranges Route

Highest
dose Vector type

Immunosuppressive
protocol

Prophylactic
or reactive
regimen

Clinical evidence of
immunosuppression
effectiveness NCT (phase) Reference Country

32 DMD rAAVrh74.MCK.GALGT2
n = 2; 6.9 and 8.9
years

isolated limb infusion:
injection into the
femoral artery of both
legs

1 � 1014

vg/kg
rAAVrh74

prednisone, 1 mg/kg/
day

prophylactic N/A
NCT03333590
(1/2)

Flanigan et al.,
202264

USA

33 LHON scAAV2-P1ND4v2
n = 28; 16–56
years

intravitreal
1 � 1010

vg/eye
scAAV2 prednisolone reactive

management of
uveitis

NCT02161380 (1)
Lam et al.,
2022107

USA

34
limb-girdle
muscular
dystrophy

scAAVrh74.tMCK.hSGCA n = 6; 8–13 years intravascular
3 � 1012

vg/kg
AAVrh74

prednisone, 1 mg/kg/
day

prophylactic N/A N/A (1/2)
Mendell et al.,
201980

USA

35 MPS type IIIA AAVrh.10-MPS3A

n = 4 (patients
1–3, aged
between 5.5 and
6 years; patient 4
aged 2 years
8 months

intracerebroventicular
7.2 � 1011

vg
AAVrh.10

tacrolimus - 0.2 mg/
kg/day

mycophenolate
mofetil, 1,200 mg/m2

initially, adapted to
obtain AUC0–

12h > 30 mg g/L at
7 days post-treatment

prednisolone - 1 mg/
kg/day

prophylactic N/A
NCT01474343
(1/2)

Tardieu et al.,
2014, Tardieu
et al., 201745;58

France

36 MPS type IIIB rAAV2/5-hNaGlu
n = 4; 20, 26, 30,
and 53 months

intracerebroventicular 4 � 1012 vg AAV2/5

tacrolimus - 0.2 mg/
kg/day
mycophenolate
mofetil, 1,200 mg/m2/
day
prednisolone - 1 mg/
kg/day

prophylactic N/A

EudraCT, number
2012-000856-33,
and the
International
Standard Clinical
Trial Registry,
number
ISRCTN19853672
(1/2)

Tardieu et al.,
201758

France

37 MPS type IIIB rAAV2/5-hNAGLU
n = 4; 18–
60 months

intraparenchymal 4 � 1012 vg AAV2/5

tacrolimus - 0.2 mg/
kg/day
mycophenolate
mofetil, 1,200 mg/m2/
day

prophylactic N/A
NCT03300453
(1/2)

Gougeon et al.,
2021, Deiva
et al., 202149,50

France

38

RPE65-Deficient
LCA and severe
early childhood-
onset retinal
dystrophy

rAAV2-CB-hRPE65
n = 12; 6–39
years

subretinal/intraorbital 6 � 1011 vg AAV2
Topical
corticosteroids

prophylactic

postoperative
treatment with
topical
corticosteroids and
antibiotics
no enzyme-linked
immunospot
response to
transgene or capsid
no vector DNA in the
blood

NCT00749957
(1/2)

Weleber et al.,
2016108

USA

(Continued on next page)
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Table 1. Continued

No. Disease AAV gene therapy

No. of
participants and
age ranges Route

Highest
dose Vector type

Immunosuppressive
protocol

Prophylactic
or reactive
regimen

Clinical evidence of
immunosuppression
effectiveness NCT (phase) Reference Country

39
RPE65-mediated
inherited retinal
dystrophy (LCA)

VN (AAV2-hRPE65v2)
n = 31; 4 to 44
years

subretinal/intraorbital
1.5 � 1011

vg
AAV2

prednisone; 1 mg/kg/
day, maximum dose
40 mg/day and
tapered until 3 days
before injection of the
second eye when the
steroid regimen was
repeated

prophylactic N/A NCT00999609 (3)
Russell et al.,
20178

USA

40 SMA OA
n = 32;
7–55 months)

intrathecal
2.4 � 1014

vg
AAV9

prednisolone, 1 mg/
kg/day

prophylactic N/A NCT03381729 (1)
Finkel et al.,
202370

USA

41
Tay-Sachs
disease

AAVrh8-HEXA and
AAVrh8-HEXB

n = 2; 7 and
30 months

bilateral thalamic
injection

4.2 � 1013

vg
AAVrh8

patients received a
regimen that included
rituximab (375 mg
m�2), intravenous
infusion of
methylprednisolone
(10 mg kg�1) and
sirolimus (1 mg m�2).
prednisone (2 mg
kg�1 per day) was
administered for
90 days, and sirolimus
was maintained at
3–7 ng mL�1 for
180 days, both
followed by a
1-month taper.

prophylactic

B cell levels
decreased to <1% of
total lymphocytes
intravenous
immunoglobulin was
given as needed to
maintain serum
levels between 700
and 1,000 mg dL�1

a single dose of
rituximab resulted in
a reduction in B cell
counts for >6 months
in each patient

N/A (expanded-
access clinical
trial)

Flotte et al.,
20223

USA

AUC, area under the curve; FIX, factor IX; GTMP, no SAEs related to gene therapy product; LHON, Leber hereditary optic neuropathy; N/A. not appliable.
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Figure 1. Number of studies identified during the systematic review

(A–E) Year of study, (B) serotype, (C) route of administration, (D) immunosuppressive regimen, and (E) immunosuppressant used.
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Review

Please cite this article in press as: Vrellaku et al., A systematic review of immunosuppressive protocols used in AAV gene therapy for monogenic disorders,
Molecular Therapy (2024), https://doi.org/10.1016/j.ymthe.2024.07.016
safety profile of OA. Common AEs included pyrexia, vomiting,
thrombocytopenia, and elevated liver enzymes. AEs related to OA
were frequent and sometimes serious. Although most AEs were satis-
factorily managed in clinical trials, one death was reported in an
observational study by Mirea et al. in 2021.54

Elevations in liver enzymes were successfully treated with predniso-
lone, which can also increase the response to treatment by suppress-
ing the antigen-specific T cell response that clear transduced cells and
thus result in a loss of transgene expression.11 In the treatment of in-
herited retinal dystrophy, all patients reported subjective vision
improvement after VN gene therapy. The overall safety and effective-
ness of VN treatment align with previous VN clinical trials, excluding
the higher occurrence of retinal atrophy and increased ocular pres-
sure observed.55

Treatment-associated AEs

AEs were observed in 30 of 38 clinical trials involving 19 AAV gene
therapies (Table 3). Increased levels of liver enzymes or liver toxicity
were the most frequently reported AE, which was recorded in 21 clin-
ical trials (70%). For the purpose of this review, elevated liver enzymes
or liver toxicity included any reference to elevated gamma-glutamyl
transferase (GGT), ALT, AST, liver enzymes, liver toxicity, or hepa-
toxicity. Other frequent AEs included vomiting and nausea (n = 11
[37%]), pyrexia (n = 10 [33%]), and fatigue (n = 6 [20%]). Although
AEs were recorded in 30 of the 38 clinical trials, SAEs were only
observed in 15 of the included studies (Table 3), with the highest fre-
quency of SAEs observed in clinical trials for SMA (n = 4), hemophilia
A (n = 3), hemophilia B (n = 3), and DMD (n = 2). Four deaths were
reported in patients in both low- and high-dose groups because an
SAE associated with the treatment protocol in a trial for X-linked my-
otubular myopathy with resamirigene bilparvovec, an AAV8 clinical
vector (NCT03199469).56 Of note, these patients had presented with
cholestasis before vector dosing. Due to the clinical vector serotypes
used for these diseases, the most common serotypes resulting in
SAEs were AAV9 (n = 4, for SMA), AAV5 (n = 2 for hemophilia A
and n = 1 for hemophilia B), and rhAAV74 (n = 2, for DMD) after
systemic delivery. As detailed in Table 1, SAEs were associated with
the systemic delivery of AAVs with the exception of X-linked retinitis
pigmentosa. Elevations in liver enzyme levels were reported as SAEs
after clinical vector administration in clinical trials for DMD (n = 2),
hemophilia A (n = 2), hemophilia B (n = 3), mucopolysaccharidosis
(MPS) type IIIB (n = 1), and SMA (n = 4). Although most studies
described management of elevated liver enzyme SAEs via treatment
with corticosteroids (even when corticosteroids were administered
prophylactically to patients), two studies (NCT03769116 57 and
EudraCT 2012-000856-3358 did not describe any treatment for AEs
observed in patients and one reported that there was no clear associ-
ation between the resolution of elevated ALT levels and prednisolone
use.59 The immunosuppressive regimen performed in the trials was
prophylactic and AEs recorded in patients were resolved without
intervention. All other SAEs relating to clinical vector administration
in the studies are detailed in Table 3. In contrast with clinical trials for
the treatment of DMD, hemophilia A and B, MPS type IIIB, and
Molecular Therapy Vol. 32 No 10 October 2024 17
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Table 3. Treatment-associated AE overview

No. Disease AAV gene therapy Serotype

No. of
patients
dosed

Treatment-related
SAEs Treatment-related AEs

Frequency of treatment-
related AEs Management of AEs NCT (phase) Reference

1

DMD

Delandistrogene
moxeparvovec

rAAVrh74 2 None reported

bruising
decreased lymphocyte
count
bleeding at femoral
catheterization site
vomiting
NB: authors only
described events as
treatment-emergent and
were not specified as
treatment-related

100% (n = 2)

no treatment needed for
AEs. prednisone
administration to
patients was
prophylactic.

NCT03333590 (1/2) Flanigan et al., 202264

2
Delandistrogene
moxeparvovec

rAAVrh74 4 None reported

vomiting (n = 9)
nausea (n = 1)
fatigue (n = 1)
asthenia (n = 1)
decreased appetite
(n = 2)
elevated liver enzyme
levels (n = 4)

100% (n = 4)
elevated g-glutamyl
transferase resolved with
corticosteroids

NCT03375164 (1 and 2) Mendell et al., 202066

3
Delandistrogene
moxeparvovec

rAAVrh74 20

rhabdomyolysis
elevated liver enzyme
levels
liver injury

vomiting
decreased appetite
nausea
elevated liver enzyme
levels
abdominal pain
increased blood
bilirubin
pain in extremity
rhabdomyolysis
pyrexia

AE: 100% (n = 21)
SAE: 5% (n = 1)

no treatment described
for AEs
prednisone
administration to
patients was
prophylactic.

NCT03769116 (2) Mendell et al., 202357

4
Delandistrogene
moxeparvovec

rAAVrh74 20
elevated liver enzyme
levels
vomiting

vomiting
decreased appetite
increased glutamate
dehydrogenase
nausea
constipation
fatigue
elevated liver enzyme
levels
increased blood creatine
phosphokinase
thrombocytopenia
abdominal pain upper
increased blood lactate
dehydrogenase
headache
hemoglobinuria
pyrexia
diarrhea

AE: 90% (n = 18)
SAE: 10% (n = 2)

patients received
prophylactic prednisone
or prednisolone (1 mg/
kg) in addition to
baseline corticosteroid
dose, for a total %
60 mg/day, which was
continued for R60 days
post-treatment and
subsequently tapered,
depending on serum
g-glutamyl transferase
levels

NCT04626674 (1b) Zaidman et al., 2023103

(Continued on next page)
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Table 3. Continued

No. Disease AAV gene therapy Serotype

No. of
patients
dosed

Treatment-related
SAEs Treatment-related AEs

Frequency of treatment-
related AEs Management of AEs NCT (phase) Reference

5

hemophilia A

Valoctocogene
roxaparvovec

AAV5 134

elevated liver enzyme
levels
headache
arthralgia
nausea

elevated liver enzyme
levels
headache
arthralgia
nausea

AE: 92% (n = 123)
SAE: 4% (n = 5)

immunosuppressants
were given in relation to
an alanine transferase
rise
median duration of
elevation in ALT was
21 days
there was no apparent
relationship between the
development of anti-
AAV5 antibodies and
factor VIII activity

NCT03370913 (3) Zaidman et al., 2023103

6
Valoctocogene
roxaparvovec

AAV5 9
elevated liver enzyme
levels

elevated liver enzyme
levels

AE by year:
Y1: 86% (n = 6)
Y2: 14% (n = 1)
Y3: 14% (n = 1)
Y4: 29% (n = 2)

SAE by year:
Y1: 17% (n = 1)

corticosteroids were
used prophylactically or
in response to elevated
ALT levels (1.5� above
baseline)
there was no clear
association between the
resolution of the
elevated ALT level and
prednisolone use

NCT02576795 (1/2)

Rangarajan et al., 2017,
Long et al., 2021, Fong
et al., 2022, Pasi et al.,
202159;67;81;85

7
Giroctocogene
fitelparvovec

AAV6 11
Pyrexia
Hypotension

elevated liver enzyme
levels
tachycardia
fatigue
myalgia

SAE: 27% (n = 3)
AE:100% (n = 11)

liver enzyme levels were
managed with tapering
corticosteroid
administration
hypotension and pyrexia
resolved with treatment
with electrolytes,
norepinephrine,
ondansetron, glucose,
and paracetamol

NCT03061201 (1/2) Leavitt et al., 2024104

8

hemophilia B

BBM-H901 dsAAV843 10 None reported
pyrexia
elevated liver enzyme
levels

pyrexia (10%, n = 1)
aminotransferase
elevations (10%, n = 1)

glucocorticoid
administration

NCT04135300 (1) Xue et al., 202263

9
Etranacogene
dezaparvovec

AAV5 3 None reported
headache
mild elevation in
C-reactive protein levels

33% (n = 1)
AEs resolved without
intervention

NCT03489291 (2b)
Von Drygalski et al.,
2019106

10
Etranacogene
dezaparvovec

AAV6 54 None reported

Arthralgia
headache
fatigue
elevated liver enzyme
levels
blood creatine kinase
increase
back pain
influenza-like illness
diarrhea
nausea

69% (n = 37)
glucocorticoid
administration for liver
enzyme elevations

NCT03569891 (3) Pipe et al., 202316

11
Verbrinacogene
setparvovec

AAV2/S3 10

elevated liver enzyme
levels
decreased coagulation
FIX

elevated liver enzyme
levels
fatigue
increased coagulation

AEs: 80% (n = 8)
SAE: 70% (n = 7)
NB: AEs were not
observed in patients

increase in liver enzyme
levels were managed
with intravenous

NCT03369444 and
NCT03641703 (1/2)

Chowdary et al., 202248

(Continued on next page)
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Table 3. Continued

No. Disease AAV gene therapy Serotype

No. of
patients
dosed

Treatment-related
SAEs Treatment-related AEs

Frequency of treatment-
related AEs Management of AEs NCT (phase) Reference

pulmonary sepsis
arteriovenous fistula
thrombosis

FIX
muscle spasms/
musculoskeletal pain/
myalgia
dyspepsia/eructation
AV fistula thrombosis
decreased coagulation
FIX
headache
pulmonary sepsis
somnolence

treated with low dose
vector (3.84 � 1011

vg/kg, n = 2).

methylprednisolone and
tacrolimus

12 AMT-060 AAV5 10
elevated liver enzyme
levels
Pyrexia

elevated liver enzyme
levels
pyrexia
anxiety
drug ineffective
palpitations
headache
prostatitis
rash

AEs: 60% (n = 6)
SAEs: 30% (n = 3)

tapering course of
prednisolone

NCT02396342 (1/2)
Majowicz et al., 2019,
Miesbach et al., 201868;86

13 SPK-9001

A novel, bioengineered
single-stranded adeno-
associated viral vector
carrying human FIX
variant

10 none reported
elevated liver enzyme
levels

10% (n = 1)

2 patients required
60 mg prednisone in the
context of ALT rises/
immune responses
this was tapered down
over 119 and 130 days
respectively

NCT02484092 (1/2) George et al., 2017105

14
BAX 335
(scAAV8.FIXR338)

AAV8 7 None reported

fatigue
feeling flushed
headache
infleunza-like symptoms
ankle swelling
elevated liver enzyme
levels
high blood pressure
abscess

57% (n = 4)

prednisone
administration upon
detection of high liver
enzyme levels

NCT01687608 (1/2) Konkle et al., 202182

15
scAAV2/8-LP1-
hFIXco

rAAVrh74 10
elevated liver enzyme
levels

lethargy
elevated liver enzyme
levels
anemia

100% (n = 10)

prednisone, 60 mg/
patient with subsequent
tapering of the dose
patient 5: 9 weeks
patient 6: 4 weeks

NCT00979238 (1/2)
Nathwani et al., 2011,
Nathwani et al.,
201443;44

16 LHON scAAV2-P1ND4v2 AAV2 28 none reported Uveitis 29% (n = 8) Topical prednisolone NCT02161380 (1) Lam et al., 2022107
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Table 3. Continued

No. Disease AAV gene therapy Serotype

No. of
patients
dosed

Treatment-related
SAEs Treatment-related AEs

Frequency of treatment-
related AEs Management of AEs NCT (phase) Reference

17

MPS type IIIB

rAAV2/5-hNaGlu AAV2/5 4

respiratory tract
infection
elevated liver enzyme
levels
diarrhea

upper respiratory tract
infection
minor anesthesia-related
diarrhea or
gastroenteritis
elevated liver enzyme
levels
behavior
anemia
transient hydroelectric
disorder
tonsillectomy
adenoidectomy
minimum mitral
insufficiency
transient loss of appetite
NB: authors only
described events as
treatment-emergent and
were not specified as
treatment-related

100% (n = 4)

no treatment described
for AEs. prednisone
administration to
patients was
prophylactic.

EudraCT, number 2012-
000856-33, and the
International Standard
Clinical Trial Registry,
number
ISRCTN19853672 (1/2)

Tardieuc et al., 201758

18 rAAV2/5-hNaGlu AAV2/5 4 none reported

upper respiratory tract
infection
diarrhea or
gastroenteritis
elevated liver enzyme
levels
anemia
behavior
bronchitis
cough
pyrexia
conjunctivitis
sleeping disorders
Atopic dermatitis
NB: Authors only
described events as
treatment-emergent and
were not specified as
treatment-related

100% (n = 4)

no treatment described
for AEs
prednisone
administration to
patients was
prophylactic.

NCT03300453 (1/2)
Gougeon et al., 2021,
Deiva et al., 202149;50

19

RPE65-Deficient LCA
and Severe Early-
Childhood Onset
Retinal Dystrophy

rAAV2-CB-
hRPE65

AAV2 12 none reported
ocular hyperemia
photopsia

25% (n = 3)

no treatment described
for AEs
topical corticosteroid
administration to
patients was
prophylactic

NCT00749957 (1/2) Weleber et al., 2016108

20
RPE65-mediated
inherited retinal
dystrophy (LCA)

AAV8-coRPGR
codon optimized
RPGR

AAV8 18 none reported

anterior uveitis
subretinal inflammation
NB: this was only
observed in patients in
medium and high dose
groups

33% (n = 6)

no treatment described
for AEs
prednisolone
administration to
patients was
prophylactic

NCT03116113 (1/2)
Cehajic-Kapetanovic
et al., 202060
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Table 3. Continued

No. Disease AAV gene therapy Serotype

No. of
patients
dosed

Treatment-related
SAEs Treatment-related AEs

Frequency of treatment-
related AEs Management of AEs NCT (phase) Reference

21

SMA

OA AAV9 76

subacute hepatopathy
elevated liver enzyme
levels
acute liver
dysfunction

pyrexia
vomiting
thrombocytopenia
rashes

74% (n = 56)

escalating prednisolone
to 2 mg/kg per day for
about 4 weeks from
1 mg/kg

N/A (observational
study)

Weib et al., 202283

22 OA AAV9 15 none reported
liver toxicity
thrombocytopenia
increased troponin

53% (n = 8)
prednisolone, varying
doses depending on AE
and patient

NCT03505099 (3) Strauss et al., 202224

23 OA AAV9 32
elevated liver enzyme
levels (n = 1)

hypertension
elevated liver enzyme
levels
lymphadenopathy
pyrexia
vomiting
prolonged
thromboplastin time
increased blood creatine
phosphokinase
cardiac murmur
abnormal hair growth
hepatomegaly
pericardial effusion
sinus tachycardia

37.5% (n = 12)

increased prednisolone
dose administered to
patient with elevated
liver enzymes
other AEs were resolved
without intervention

NCT03381729 (1) Finkel et al., 202370

24 OA AAV9 21 None reported
vomiting
elevated liver enzyme
levels

100% (n = 21)

antiemetic medication
oral and enteral feeding
to maintain hydration
systemic corticosteroid
administration

N/A (cohort study) D’Silva et al., 2022109

25 OA AAV9 15
elevated liver enzyme
levels (n = 2)

elevated liver enzyme
levels below SAE cutoff
point (n = 2)

27% (n = 4) prednisolone treatment NCT02122952 (1) Mendell et al., 201711

26 OA AAV9 8 None reported

elevated liver enzymes
pyrexia
vomiting
reduced appetite
exacerbation of hand
tremor
thrombocytopenia
Increase in troponin I/T,
CRP, and monocyte
counts

100% (n = 8)
prednisolone dose
increased above 1 mg/kg

N/A (retrospective
analysis)

Friese et al., 202165

27 OA AAV9 33

pyrexia
elevated liver enzyme
levels
gastroenteritis
rhinovirus infection
virus infection
feeding disorder
hypernatremia
thrombocytopenia
abnormal coagulation
test

pyrexia
upper respiratory
infection
elevated liver enzyme
levels
vomiting
constipation
gastroenteritis
rhinovirus infection
virus infection
respiratory tract
infection

AE: 73% (n = 24)
SAE: 18% (n = 6)

following the
recommendation to
increase prophylactic
prednisolone dosing for
the first 3 days from 1 to
2mg/kg per day, p (27%)
patients received an
initial dose of 2 mg/kg
per day
the duration of
prednisolone dosing
ranged from 54 to

NCT03306277 (3)
Day et al., 2021, Mercuri
et al., 202112;13

(Continued on next page)
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Table 3. Continued

No. Disease AAV gene therapy Serotype

No. of
patients
dosed

Treatment-related
SAEs Treatment-related AEs

Frequency of treatment-
related AEs Management of AEs NCT (phase) Reference

cough
diarrhea
pneumonia
gastro-esophageal reflux
disease
nasopharyngitis
hypertension

235 days (median 65.0
[IQR 13.0]; mean 80.9
[SD 41.2]) and mean
daily dose ranged from
0.5 to 1.6 mg/kg per day
2 patients switched to an
equivalent dose of
hydrocortisone (using a
conversion ratio of 1:4)
as an alternative to
prednisolone on day 165
and day 132 (extended
use after the tapering
period was prescribed to
treat elevated liver
enzymes).

28
X-linked myotubular
myopathy

Resamirigene
bilparvovec

AAV8 24

increased total
bilirubin values
elevation in liver
enzyme levels
NB: these resulted in
death in 4 participants

pyrexia
creatine phosphokinase
increase
respiratory tract
infection

AE: 96% (n = 23)
SAE: 46% (n = 11)

prednisone
administration was
prophylactic.
participants presenting
with SAEs resulting in
death were provided
with high-dose
prednisolone and other
immune-modulating
therapies (e.g.,
prolonged or increased
dose of prednisolone,
anakinra, tocilizumab,
and ruxolitinib) with no
apparent benefit.

NCT03199469 (2/3) Shieh et al., 202356

29
X-linked retinitis
pigmentosa

Cotoretigene
toliparvovec

AAV8 18
ocular inflammation
leading to reduced
visual acuity

noninfective retinitis
corneal deposits

AE: 39% (n = 7)
SAE: 11% (n = 2)

ocular inflammation-
associated SAE were
treated with
corticosteroids in one
participant

NCT03116113 (1)
von Krusenstiern et al.,
2023110

30 X-linked retinoschisis AAV8-RS1 AAV8 11 None reported

ocular inflammation
mild vitritis
anterior chamber
inflammation

55% (n = 6)

subject 9 was pretreated
with prednisone and
topical steroid at 2 days
before dosing and
continued beyond
day 14
subjects 10 and 11 were
treated with
cyclosporine at 175 mg
twice daily beginning
3 weeks before dosing,
and MMF at 500 mg
twice daily at 3 weeks
and 1000 mg twice daily
at 2 weeks before dosing
plus prednisone at 60mg
2 days before vector
dosing

NCT02317887 (1/2) Mishra et al., 202171

FIX, factor IX; LHON, Leber hereditary optic neuropathy.
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SMA, a clinical trial investigating X-linked retinitis pigmentosa
(NCT03116113) did not observe any type of SAEs associated with
liver enzyme levels after subretinal injection of cotoretigene toliparvo-
vec (BIIB112/AAV8-RPGR).60 Instead, the SAEs recorded in the
study were decreased visual acuity, noninfective retinitis, retinal
detachment, and visual impairment. These inflammatory events
were further managed with oral prednisolone.

The risk of adverse immune responses from gene therapy is generally
related to the type of vector that is used as well as, dose, delivery
route,61 and transgene sequence, which has been found to occur in
clinical trials for DMD gene therapy.62We have summarized the im-
mune responses associated with several vectors (AAV1-2, 2/3, 2.5,
2/8, 5, 8, 9, rh8, rh.10, rh.74, 843, and g-RV), routes (intramuscular,
subretinal, intravitreal, intracranial, intraparenchymal, intracerebro-
ventricular, low respiratory tract, and cell therapy intravenous) and
immunosuppression protocols (Table 4).

Immunosuppression-associated AEs

In addition to treatment-related AEs, we also evaluated the frequency
of AEs associated with immunosuppressive protocols, including pro-
phylactic and therapeutic immunosuppression, that were used in the
clinical trials. Of the 38 clinical trials that were assessed in this review,
only 8 studies (21%) reported having any AEs in patients after the
administration of immunosuppressive drugs (Table 4). Three of the
clinical trials resulting in immunosuppression-associated AEs were
studies for hemophilia B gene therapy (however, a different AAV
gene therapy was used in each case) and another two were for
DMD, while studies for hemophilia A, MPS type IIIB, and SMA pre-
sented with immunosuppression-associated AEs in one clinical trial
each. The immunosuppressive protocols administered to patients
were in response to the following most common AEs observed:
increased liver enzyme levels, headache, nausea, and fever. Although
the AEs resolved after immunosuppressive treatment, a variety of AEs
were reported after immunosuppression. This was more apparent in a
clinical trial using valoctocogene roxaparvovec (AAV5-hFVIII-SQ;
NCT03370913), where 71% of patients showed AEs to glucocorti-
coids or other immunosuppressants,15 and trials using verbrinaco-
gene setparvovec (AAV2/S3) gene therapy (NCT03369444 and
NCT03641703),48 where AEs were recorded in all patients after
prednisolone or methylprednisolone treatment and accounted for
24% of all AEs observed.48 However, with the exception of
clinical trial NCT03300453,49,50 the remaining clinical trials listed
in Table 4 reported that AEs after prednisone treatment were
only documented in up to two patients.63 The most common AEs
observed in patients after immunosuppressive treatment were
insomnia (NCT03370913,57 NCT04135300,63 NCT03369444, and
NCT0364170348 and acne (NCT03370913,57 NCT04135300,63 and
NCT0097923843,44). Of note, the authors of NCT03369444
and NCT03641703 stated that the AEs recorded in the patients
were consistent with the known safety profiles of glucocorticoids
and tacrolimus.48 In addition, one subject from clinical trials for
DMD and SMA, respectively, presented with AEs after prednisone
or prednisolone treatment. Clinical trial NCT0333359064 recorded
24 Molecular Therapy Vol. 32 No 10 October 2024
a patient with a cushingoid face and weight gain, whereas a study
by Friese et al.65 recorded a patient presenting with temporary arterial
hypertension.

AAV gene therapy and associated immunological responses

The use of AAV gene therapy in subjects with pre-existing immunity
or memory response to gene therapy-related viruses could affect the
efficacy and the safety of the treatment, constituting one of the major
obstacles for gene therapy. Innate and adaptive immunity against the
vector capsid or transgenic product may contribute, depending on the
magnitude, by varying degrees to immune-mediated rejection and
immunotoxicity.6

Independent of the AAV serotypes and administration route used
during these clinical trials, a significant increase in NAbs was re-
ported. Moreover, the presence of an immunosuppressant regimen
during these clinical trials could not prevent the development of
anti-AAV antibodies. An evaluation of the cellular immune response
showed a significant increase in interferon (IFN)-g antigen-specific
T cells after treatment, and an elevation of inflammatory cytokines
(e.g., IFN-g, TNF-a) in serum was associated with vector
reactogenicity.2,10,13,44,50,61,62,64,66–77 Interestingly, only two studies
have reported Treg induction, although all patients developed high ti-
ters of binding IgG and NAbs.63,72

Currently, the European Medicines Agency78 and FDA79 require an
evaluation of humoral immunity by determining both the titers and
avidities of antibodies against the AAV transgene product during
clinical development. For treatments that include redosing, a compre-
hensive evaluation of the cellular and humoral responses must be per-
formed and documented with concurrent safety and efficacy data (see
Immunogenicity).80 Ultimately, however, few studies have reported
an evaluation of the titers as the reciprocal of the highest sample dilu-
tion that resulted in inhibition of 50% against the AAV vectors used
or transgene products.10–13,16,44,63,67–69,81–86

Efforts to suppress the immune response to AAV or transgene prod-
uct have not been consistent. The most common immunosuppres-
sants, corticosteroids, are not always successful in inhibiting the im-
mune response to AAV or attenuating liver toxicity, and there is no
correlation with vector or dosing route used. However, mycopheno-
late mofetil in combination with tacrolimus has provided a safety
profile after a long-term follow-up in all children treated in
NCT03300453.49,50

DISCUSSION
The results of this review provide valuable insights into the immuno-
suppressive protocols and immunological responses associated with
various gene therapy treatments. The immune response to AAV
gene therapy is complex and can be triggered by vector capsids,
genomes, and transgene protein products.16 Immune responses
to AAV are ubiquitous and have been seen across various disease
states, routes of administration, and capsid serotypes.21,72 The
route of administration directly influences the vector dose and
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immunosuppressive protocols. For example, subretinal AAV vector
administration performed in several clinical studies of gene transfer
for RPE65 deficiency7,9 was generally associated with little to no
detectable immune response to the capsid or the transgene.

AEs were observed in 30 clinical trials, with the most frequent being
increased liver enzyme levels, vomiting and nausea, fever, and fatigue.
SAEs were observed in eight studies, with SMA and hemophilia B be-
ing themain diseases associated with SAEs. Corticosteroids, including
prednisolone, were used to manage these events, even in studies
where corticosteroids were administered prophylactically. Interest-
ingly, a phase 1/2 clinical trial for hemophilia B gene therapy did
not find a clear association between the resolution of elevated liver
enzyme levels and prednisolone use.59

To decrease AAV immunogenicity, one focus is on decreasing
different aspects of immune responses against the capsid to improve
patient safety profile and safeguard long-term transgene expression.73

The use of less seroprevalent capsids may reduce the recognition of
preformed NAbs.73 One particularly promising strategy is capsid en-
gineering, which has the potential to develop next-generation vectors
with multiple improvements compared to current vectors. Current
AAV vectors still face limitations in delivering efficiently to specific
tissues, often requiring high doses. Higher vector doses have been
associated with hepatotoxicity, TMA, and other immune-mediated
AEs.73 Additionally, enhancing tropism and transduction efficiency
alone would allow for lower doses and significantly decrease toxicity
from AAV immunity.21

One important obstacle is neutralizing anti-AAV antibodies that
display a major short- and long-term barrier in delivering gene ther-
apy. Humoral responses against AAV capsid proteins are evaluated in
patients before AAV treatment in some trials, and patients with
detectable pre-existing antibodies to AAV are excluded. Rates of
NAb prevalence in the general population are quoted as 30%–70%
in literature against all various serotypes, with the highest prevalence
against AAV2, followed by AAV1.36,75,76 In addition, patients who
develop de novo antibodies after systemic AAV gene therapy have
no access to eventual redosing attempts in case of loss of therapy ef-
ficacy. Even though gene therapies are designed to be administered
only once, the immune response is one factor that jeopardizes the
long-term efficacy of transgene expression, which highlights the
need for potential redosing strategies for patients. For example, in a
recently approved therapy for hemophilia A (Roctavian), factor
VIII activity levels declined over 3 years from 52.6 to 18.2 IU/dL.
Interestingly, 79% of these 134 patients received corticosteroids in
response to ALT elevations. Despite the introduction of corticoste-
roids, an overall decrease in factor VIII levels was present.87 Not
only do immune responses prevent the repeated administration of
AAV, but AAV immunity can lead to severe toxicity and SAEs, poten-
tially resulting in patient death.21

To enable redosing, pre-clinical work (including plasmapheresis
monoclonal antibody directed to plasma cells and imlifidase
Molecular Therapy Vol. 32 No 10 October 2024 31
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Figure 2. Graphic summary of findings

AAV-based gene therapy treatment can induce pre-existing immunity, innate immunity, and adaptive immune response against AAV vectors and transgenic products,

inhibiting AAV expression. Patients with pre-existing immunity are unable to receive AAV-based gene therapy treatment. Immunosuppression protocols are used to suppress

the immune response and elevate treatment-related AEs, such as the normalization of liver enzymes. Immunosuppression, although potentially essential for some patients to

ensure therapeutic benefits of AAV-mediate gene transfer, comes at high costs.

www.moleculartherapy.org

Review

Please cite this article in press as: Vrellaku et al., A systematic review of immunosuppressive protocols used in AAV gene therapy for monogenic disorders,
Molecular Therapy (2024), https://doi.org/10.1016/j.ymthe.2024.07.016
injection) has been conducted to evaluate how animals with pre-exist-
ing AAV antibodies could be successfully and safely transfected with a
transgene carried by an AAV vector.88,89 In the version of a potential
treatment with a second dose of gene therapy, protocols have been
developed to tamper the immune reaction during the infusion of
the first dose, such as co-administration of sirolimus nanopar-
ticles.73–77,87–90 Research findings have shown that incorporating si-
rolimus into synthetic vaccine particles, co-administered with AAV
vectors, hinders the induction of cell-mediated and anti-capsid hu-
moral responses. This results in the inhibition of CD8+ T cell infiltra-
tion in the liver, reduction of B and T cell activation, and suppression
of memory T cell response in both mice and non-human primates.88

To our best knowledge, this has not yet been translated in vivo in
humans.

In this review, a variety of immunosuppressive treatments were
noted, including different corticosteroids, tacrolimus, mycophenolate
mofetil, cyclosporine, sirolimus, and rituximab. Corticosteroids were
the most widely used immunosuppressants for AAV gene therapy
clinical studies (Table 3), either alone or in combination with other
32 Molecular Therapy Vol. 32 No 10 October 2024
drugs, for their global inhibitory effects on innate and adaptive immu-
nity. Corticosteroids are used as immunosuppressants for approved
gene therapy products91 (VN8 and OA11), due to their established
safety profiles and effects in preventing or alleviating immune
responses. However, the drawbacks of corticosteroids are immuno-
suppression-associated side effects and non-specific immunosuppres-
sion, in particular increased susceptibility to infection.92,93 Therefore,
careful monitoring and appropriate prophylactic measures should be
taken to minimize the risk of infections in patients receiving immu-
nosuppressive treatments. The doses of prednisolone seen in this re-
view ranged from 1 to 2 mg/kg with a total daily dose in the range of
30–60 mg/day. The duration of corticosteroid treatment ranged
dramatically between 7 and 133 days, with other immunosuppres-
sants being used for up to 365 days. This highlights the disparity be-
tween studies on the longevity of immunosuppression and differing
opinions of where the balance of reducing AAV gene therapy immu-
nogenicity versus the side effects of long-term immunosuppression
should be struck. Work is ongoing to refine the immunosuppression
regimen with the goal of decreasing vector-related immune response
in the early period after treatment. For example, Chowdary et al.48
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adopted a prophylactic immunosuppression regimen to improve the
predictability of the dose-response and to increase the chances that
normal factor IX levels would be reached and maintained in patients
with hemophilia B.

In a review from Oh et al.93 investigating steroid-associated side ef-
fects in patients with primary proteinuric kidney disease, 62% of
patients exposed to steroids developed one SAE. The rate of hyperten-
sion was 1.4 times higher than before steroid exposure. Interestingly,
the risk of metabolic complications (e.g., diabetes mellitus, over-
weight, obesity) was also significantly higher after steroid therapy
exposure. Taken together, a patient’s adjusted risk of these complica-
tions following steroid exposure was 1.5–1.8 times that of the risk
before exposure. Other studies, such as Movahedi et al., which
analyzed UK and US national databases for nearly 22,000 patients
with rheumatoid arthritis, showed that the hazard ratio of steroid-
associated diabetes was 1.30 and 1.61, respectively.94 Another small
Japanese study showed corticosteroid-induced diabetes developed
Mo
in 17–42 patients (40.5%) undergoing steroid
therapy for primary renal disease.95 In our anal-
ysis, often the duration and the dosing regimen
of steroid exposure was not always mentioned,
and the overall sample size of patients undergo-
ing gene therapy is rather small. In the hemo-
philia study with valoctocogene roxaparvovec,
which has the highest number of patients, the
authors reported similar AE rates comparable
with the aforementioned publications. In sum-
mary, steroid use is related to side effects in
gene therapy. Due to the given limitations, the
full spectrum and rate of AEs in the context of
gene therapy cannot be retrieved based on the
current available data, but the available data is
in keeping with known side effect profiles seen
in high-dose steroid use in other conditions.

Although a wide range of immunosuppressive
agents were identified in the study, there is insuf-
ficient data available to determine if any of these
conferred an additional safety benefit. Only one-
quarter of studies reported antibody titers
against the vector and transgene, and even fewer
evaluated other immune cell responses, e.g.,
Tregs. Different immunosuppressive drugs
have varying modes of action, for example, cor-
ticosteroids are non-specific,91 mycophenolate
motefil depletes both T and B cell popula-
tions,50,93 sirolimus inhibits T and B cell activa-
tion and induces Tregs through targeting
mTOR,93 whereas rituximab is an anti-CD20 monoclonal antibody
that depletes B cells by inducing apoptosis.96 Therefore, better char-
acterization of the different immune cell responses in the future
would help identify if any of these agents are more efficacious in
decreasing gene therapy immunogenicity and would also identify if
additional cell populations need targeting. No agent identified in
these studies specifically targeted innate immune responses, although
this could be an important direction for the future. As well as engi-
neering transgene to lower their immunogenic CpG content,97 there
are now C3 inhibitors, e.g., APL-9, which have been used during AAV
delivery with the aim of dampening the complement pathway.98

Some studies already used a combination of immunosuppressive
agents to broaden the cell populations they covered; however, with
this, the increased likelihood of side effects must be considered.
Balancing the risk-benefit profile of immunosuppression continues
to be a great challenge for the gene therapy field going forward. Recent
prospective trials tested the combination of mTOR inhibitor siroli-
mus in combination with rituximab.3,99 Preclinical hemophilia A
lecular Therapy Vol. 32 No 10 October 2024 33
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mice models showed that under this combined immunosuppressive
therapy, there was no increase in inhibitors following rechallenging
with factor VIII protein.100 The combined therapy with rituximab
and sirolimus was also used in Pompe disease and GM2-gangliosido-
sis to enable re-administration of AAV.3,101 Despite this first prom-
ising data, this drug combination must show its benefit in future trials
for patients without sacrificing patient safety.

Gene therapy using AAV vectors shows promise for treating rare ge-
netic diseases. However, the high costs and risks associated with
developing these therapies must be considered in the real-world
deployment of these therapies (Figure 2). Conducting robust clinical
trials in rare diseases can present complexity and challenges but are
necessary to assess the risks and benefits. Improving safety, immuno-
suppressive regimens, patient risk assessment, and comparing gene
therapy to other treatments are key factors to consider.

Conclusion

This review provides valuable information on the immunosuppres-
sive protocols used alongside various gene therapy treatments. Un-
34 Molecular Therapy Vol. 32 No 10 October 2024
derstanding and minimizing immunological re-
sponses is crucial for optimizing treatment
protocols and ensuring the safety and efficacy
of gene therapy interventions. Further research
and adherence to evaluation recommendations
will contribute to the development of more
effective and safer gene therapy approaches in
the future.

METHODS
An information specialist (E.H.) searched the
following bibliographic databases on May 3,
2024, for studies published from database incep-
tion to the search date: Ovid Embase, Ovid
MEDLINE, and the Cochrane Register of
Controlled Trials. We searched using terms
related to monogenic disorders, gene therapy,
cell therapy with genetically modified cells, im-
mune modulation, and immune suppression,
limited to clinical trial records only. The search
strategies for Ovid Embase and Ovid
MEDLINE used adapted versions of the Co-
chrane Highly Sensitive Search Strategies for
identifying controlled trials. The full strategies
are available in the appendix. All references
were exported to EndNote X21 (Thomson Reu-
ters, New York, NY, USA), and duplicates were
removed manually. Covidence software was
used to manage screening and eligibility. A pri-
mary search of the indicated electronic databases resulted in a total
of 3,271 articles (Figure 3). After the removal of duplicates, the re-
maining studies were screened based on their titles and abstracts by
two independent researchers. A total of 517 articles remained after
this screening stage and were then evaluated based on their full texts,
resulting in 38 clinical trial studies in the final meta-analysis. We
excluded literature reviews and conference articles.

In addition, 445 real-world studies, case reports, or observational
studies were found through a systematic search in the same three
databases and registry on May 3, 2024, for studies published from
database inception to the search date. We searched using terms
related to monogenic disorders, gene therapy, cell therapy with
genetically modified cells, immune modulation, and immune sup-
pression, limited to observational studies, case reports, and real-
world studies. Conference abstracts and posters were included
from Ovid Embase. Again, the full strategies are available in the Ap-
pendix. All references were exported to EndNote 21 (Thomson Reu-
ters), and duplicates were removed manually. As shown in the
PRISMA flow diagram138 (Figure 4), 337 articles were screened after
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duplications were eliminated. A total of 35 real-world studies were
included in the meta-analysis.

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.
1016/j.ymthe.2024.07.016.
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Table S1: Search Results for immunogenicity and immune monitoring from clinical trials. 

 Search 

results on 

15/11/2021 

Search 

results on 

29/03/2023 

Search 

results on 

05/03/2024 

Ovid Embase 1837 2243 2586 

Ovid Medline 406 480 536 

Cochrane CENTRAL 48 59 728 

Total 2291 2782 3850 

Total after deduplication 1923 2302 - 

Unique since 15/11/2021 - 396 - 

Unique since 29/03/2023 - - 952 

 

 

Database: Embase 1974 to present  

 

Search Strategy:  

1  exp gene therapy/ (102165)  

2  targeted gene repair/ (445)  

3  ("DNA therap*" or (gene* adj2 therap*) or "gene* transfer*" or transgene or "gene 

replacement*" or "gene-edit*" or "gene silencing" or "gene repair*" or "gene 

correction*").ti,ab. (212907)  

4  1 or 2 or 3 (251960)  

5  (Randomized controlled trial/ or Controlled clinical study/ or random$.ti,ab. or 

randomization/ or intermethod comparison/ or placebo.ti,ab. or (compare or compared or 

comparison).ti. or ((evaluated or evaluate or evaluating or assessed or assess) and (compare 

or compared or comparing or comparison)).ab. or (open adj label).ti,ab. or ((double or single 

or doubly or singly) adj (blind or blinded or blindly)).ti,ab. or double blind procedure/ or 

parallel group$1.ti,ab. or (crossover or cross over).ti,ab. or ((assign$ or match or matched or 

allocation) adj5 (alternate or group$1 or intervention$1 or patient$1 or subject$1 or 

participant$1)).ti,ab. or (assigned or allocated).ti,ab. or (controlled adj7 (study or design or 

trial)).ti,ab. or (volunteer or volunteers).ti,ab. or human experiment/ or trial.ti.) not 

(((random$ adj sampl$ adj7 ("cross section$" or questionnaire$1 or survey$ or 

database$1)).ti,ab. not (comparative study/ or controlled study/ or randomi?ed 

controlled.ti,ab. or randomly assigned.ti,ab.)) or (Cross-sectional study/ not (randomized 

controlled trial/ or controlled clinical study/ or controlled study/ or randomi?ed 

controlled.ti,ab. or control group$1.ti,ab.)) or (((case adj control$) and random$) not 

randomi?ed controlled).ti,ab. or (Systematic review not (trial or study)).ti. or (nonrandom$ 

not random$).ti,ab. or "Random field$".ti,ab. or (random cluster adj3 sampl$).ti,ab. or 

((review.ab. and review.pt.) not trial.ti.) or ("we searched".ab. and (review.ti. or review.pt.)) 

or "update review".ab. or (databases adj4 searched).ab.) (6133950)  

6  clinical trial/ or phase 1 clinical trial/ or phase 2 clinical trial/ or phase 3 clinical trial/ 

(1222173)  

7  ("clinical trial*" or "phase i" or "phase 1" or "phase ii" or "phase 2" or "phase iii" or "phase 

3" or "interventional trial*" or "paediatric trial*" or "pediatric trial*" or "pivotal trial*" or 

"open label*" or "orphan drug*" or "rare disease*").ti,ab. or rare disease/ or orphan drug/ 

(1137498)  

8  5 or 6 or 7 (7071304)  
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9  epidural drug administration/ or intracisternal drug administration/ or intrathecal drug 

administration/ (27063)  

10  intraocular drug administration/ or intracorneal drug administration/ or intravitreal drug 

administration/ or subretinal drug administration/ (10616)  

11  exp intraspinal drug administration/ (29464)  

12  exp intraocular drug administration/ (12131)  

13  drug infusion/ (17165)  

14  exp intracerebral drug administration/ (31720)  

15  intravenous drug administration/ (384430)  

16  (Intravenous* or intra-venous* or IV or systemic or infusion* or intramuscular* or intra-

muscular* or IM or intrathecal* or intra-thecal* or "cerebrospinal fluid*" or CSF or intra-

CSF or epidural* or spinal* or ophthalmol* or subretinal* or sub-retinal* or intravitreal* or 

intra-vitreal* or intraorbital* or intra-orbital* or intracerebroventricular* or intra-

cerebroventricular* or ICV or "i.c.v. injection*" or ICVI or intracerebral* or intra-cerebral* 

or IC or intraventricular* or intra-ventricular* or intraparenchyma* or intra-parenchyma* or 

"intra-cisterna magna" or ICM).ti,ab. (3195173)  

17  9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 (3407200)  

18  rare disease/ (50265)  

19  orphan drug/ (4013)  

20  exp spinal muscular atrophy/ (71765)  

21  centronuclear myopathy/ (1323)  

22  myotonic dystrophy/ (9744)  

23  exp muscular dystrophy/ (52657)  

24  spastic paraplegia/ (5101)  

25  exp gangliosidosis/ (4390)  

26  multiple sclerosis/ (161878)  

27  parkinson disease/ or autosomal dominant parkinson disease/ (196772)  

28  Alzheimer disease/ (257013)  

29  juvenile neuronal ceroid lipofuscinosis/ (295)  

30  giant axonal neuropathy/ (320)  

31  hereditary motor sensory neuropathy/ (13412)  

32  exp hemophilia/ (46582)  

33  exp sickle cell anemia/ (47775)  

34  glycogen storage disease type 2/ (5209)  

35  Canavan disease/ (818)  

36  Fabry disease/ (9593)  

37  exp mucopolysaccharidosis/ (14039)  

38  familial hypercholesterolemia/ (12739)  

39  exp congestive cardiomyopathy/ (55227)  

40  cystic fibrosis/ (86136)  

41  alpha 1 antitrypsin deficiency/ (6642)  

42  ciliary dyskinesia/ (3703)  

43  exp macular degeneration/ (27716)  

44  Leber congenital amaurosis/ (2306)  

45  exp monogenic disorder/ (573870)  

46  ("rare disease*" or "orphan drug*" or "monogenic disease*" or "monogenic disorder*" or 

"spinal muscular atrophy" or "spine muscle atrophy" or "myotubular myopathy" or 

"centronuclear myopathy" or "myotonic dystrophy" or "curschmann steinert disease" or 

"deleage disease" or "dystrophic myotonica" or "dystrophic myotonia" or "myotonia 

atrophica" or "myotonia dystrophica" or "myotonic atrophia" or "myotonic atrophy" or 
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"myotonic dystrophia" or "myotonic muscular dystrophy" or "myotonic muscular dystrophy" 

or "proximal myotonic myopathy" or "steinert disease" or "steinert myopathy" or "muscular 

dystrophy" or "muscle dystrophy" or "muscle dystrophia" or "motor neuron* disease" or 

MND or "Spastic paraplegia" or "spastic paraparesis" or gangliosidosis or "ganglioside 

lipidosis" or gangliosidoses or "multiple sclerosis" or "chariot disease" or "disseminated 

sclerosis" or "insular sclerosis" or MS or Parkinson* or "paralysis agitans" or Alzheimer* or 

Alzeimer* or "diffuse cortical sclerosis" or Batten* or "juvenile neuronal ceroid 

lipofuscinosis" or "Giant axonal neuropathy" or GAN or GAN-1 or "Amyotrophic lateral 

sclerosis" or ALS or "lou gehrig*" or Charcot-Marie-Tooth or "hereditary motor sensory 

neuropathy" or "charcot-marie" or "dejerine sottas" or "familial spastic para*" or "hereditary 

spastic para*" or Struempell or strumpel* or SCID-X or Haemophili* or hemophili* or 

"sickle cell" or drepanocyt* or "haemoglobin ss" or "hemoglobin ss" or "sickle anaemia" or 

"sickle anemia" or Pompe or "glycogen storage disease type 2" or "cardiomuscular 

glycogenosis" or "diffuse glycogenosis" or "glycogen storage disease type ii" or 

(glycogenos* adj2 (ii or targeted gene repair)) or Canavan* or "AADC deficien*" or Fabry* 

or "alpha galactosidase deficiency syndrome" or Mucopolysaccharidos* or "familial 

hypercholesterol*" or "buerger gruetz" or "burger grutz" or "familial hyperbetalipoprotein*" 

or "amilial hypercholester*" or "dilated cardiomyopathy" or "congestic cardiomyopathy" or 

"congestive heart disease" or "congestive myocardiopathy" or "cystic fibrosis" or "cystic 

pancreas fibrosis" or "fibrocystic disease" or "Alpha-1 antitrypsin deficiency" or "alpha 1 

proteinase inhibitor deficiency" or "alpha1 antitrypsin deficiency" or "antitrypsin alpha 1 

deficiency" or "ciliary dyskinesia" or "ciliary immotility" or "ciliatry motility disorders" or 

ciliostasis or "macula* degeneration" or "macula* atrophy" or "macular dystrophy" or LCA 

or Leber).ti,ab. (1546055)  

47  exp retina dystrophy/ (5296)  

48  retinitis pigmentosa/ (13362)  

49  color blindness/ (2021)  

50  Duchenne muscular dystrophy/ (20330)  

51  Becker muscular dystrophy/ (3590)  

52  sarcoglycanopathy/ (348)  

53  Friedreich ataxia/ (5028)  

54  metachromatic leukodystrophy/ (2429)  

55  adenylosuccinate lyase/ (454)  

56  happy puppet syndrome/ (3332)  

57  Werdnig Hoffmann disease/ (1410)  

58  spinal muscular atrophy type 2/ (635)  

59  Kugelberg Welander disease/ (714)  

60  limb girdle muscular dystrophy/ (4278)  

61  GM1 gangliosidosis/ (1100)  

62  aromatic levo amino acid decarboxylase/ (3428)  

63  globoid cell leukodystrophy/ (2158)  

64  Rett syndrome/ (6379)  

65  (LCA* or SMA or DMD or XMTM or LGMD or CMT or PD or MPS or Ho-FH or DCM 

or CF or AATD or PCD).ti,ab. (548959)  

66  ("retinal dystroph*" or "Retinitis Pigmentosa" or RP or "retinal pigment* dystroph*" or 

"tapeto retinal degeneration" or "tapetoretinal degeneration" or "tapetoretinal 

dystrophy").ti,ab. (79169)  

67  (achromatognosia or achromatopia or achromatopsia or "colour blind*" or "color blind*" 

or "color agnosia" or "colour agnosia" or "scoterythrous vision" or "duchenne syndrome" or 

"duchenne type muscular dystrophy" or "duchenne muscular dystrophy" or "morbus 
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duchenne" or "pseudo hypertrophic myopathic progressive muscular dystrophy").ti,ab. 

(18435)  

68  ("backer muscular dystrophy" or "becker muscular dystrophy" or "dystrophic becker 

disease" or "becker dystrophy" or "becker type muscular dystrophy").ti,ab. (2569)  

69  (sarcoglycanopath* or Friedreich* or "hereditary spinal ataxia" or "spinal hereditary 

ataxia" or "spinal heredoataxia").ti,ab. (4744)  

70  ("cerebroside sulfatase deficiency syndrome" or "cerebroside sulfate storage disease" or 

"cerebroside sulphate storage disease" or "metachrom* leucodystrophy" or "metachrom* 

leukodystrophy" or "sulfatide lipidosis" or sulfatidosis or "sulphatide lipidosis").ti,ab. (1839)  

71  ("adenylosuccinate lyase" or adenylosuccinase or "adenylosuccinate amp lyase" or 

"adenylsuccinate lyase" or "e.c. 4.3.2.2" or "succinyladenylate lyase").ti,ab. (381)  

72  ("Angelman syndrome" or "happy puppet syndrome").ti,ab. (2211)  

73  ("hereditary progressive spinal muscular atrophy" or "hereditary spinal progressive 

muscular atrophy" or "hoffmann werdnig" or "werdnig hoffman" or ((infantile or "type 1" or 

"type I") adj3 "musc* atrophy")).ti,ab. (1090)  

74  (Dubowitz or (("type 2" or "type II") adj3 "musc* atrophy")).ti,ab. (702)  

75  (kugelberg* or ((benign or juvenile or "type 3" or "type III") adj3 "musc* atrophy")).ti,ab. 

(584)  

76  ("limb girdle dystroph*" or "limb-girdle muscular dystroph*").ti,ab. (3733)  

77  ("GM1 gangliosidosis" or "gangliosidosis G(M1)" or "gangliosidosis gm 1" or 

"gangliosidosis GM1" or "gm 1 gangliosidosis").ti,ab. (924)  

78  ("Aromatic l-amino acid decarboxylase" or "3,4 dihydroxy l phenylalanine carboxylyase" 

or "3,4 dihydroxyphenylalanine decarboxylase" or "5 hydroxy levo tryptophan carboxylyase" 

or "5 hydroxytrypthophan decarboxylase" or "5 hydroxytryptophan carboxylyase" or "5 

hydroxytryptophan decarboxylase" or "5 hydroxytryptophane decarboxylase" or "aromatic 

amino acid decarboxylase*" or "aromatic aminoacid decarboxylase*" or "aromatic l amino 

acid carboxy lyase" or "aromatic l amino acid decarboxylase*" or "aromatic l aminoacid 

decarboxylase" or "aromatic levo aminoacid decarboxylase" or "dihydroxyphenylalanine 

decarboxylase" or "DOPA decarboxylase" or "e.c. 4.1.1.28" or "hydroxytryptophan 

decarboxylase" or "l 3,4 dihydroxyphenylalanine decarboxylase" or "l dopa decarboxylase" 

or "l tryptophan carboxylyase" or "levo dopa decarboxylase" or "levodopa decarboxylase" or 

"tryptophan decarboxylase").ti,ab. (4204)  

79  (krabbe or "beta galactosidase deficiency syndrome" or "galactosylceramidase deficiency 

syndrome" or "galactosylceramide lipidosis" or "globoid cell dystrophy" or "globoid cell 

leucodystrophy" or "globoid cell leukodystrophy" or "mckusick 24520").ti,ab. (1625)  

80  (rett or rett's).ti,ab. (5514)  

81  18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 

or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 

or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 

or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 

(2541161)  

82  exp pharmacovigilance/ (23261)  

83  (Pharmacovigilan* or pharmaco-vigilan* or toxicit* or SUSAR or SAE or AR or SAR or 

"adverse reaction*" or "adverse event*" or antibodies or immunosuppress* or 

immunotherap* or "immune management" or immunomodulat* or "subclinical immune 

response*" or immunologic* or aminotransaminase* or ((liver or hepatic) adj2 (damag* or 

injur* or inflamm*)) or leukemia or leukaemia or cancer* or tumor* or tumour* or humoral 

or "cellular immunity" or "innate immunity" or immunogenicity or "complement activation" 

or cytokine* or "pre-existing immunity" or ADA or cell-mediated or binding-antibod* or 

"induced response*" or pre-existing or preexisting or boosted or "capsid response*" or 
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redosing or "cell-mediated immun*" or "T-cell immunity" or tolerance or tolerization or 

TNF-alpha or prednisolone or eculizumab or "complement activation" or transaminitis or 

hypertransaminasemia or thrombocytopenia or microangiopathy).ti,ab. (8022126)  

84  exp immunosuppressive treatment/ (260883)  

85  exp leukemia/ (378133)  

86  exp neoplasm/ (5678672)  

87  exp liver injury/ (81741)  

88  exp immunogenicity/ (89304)  

89  exp cytokine/ (1961953)  

90  prednisolone/ (153065)  

91  eculizumab/ (9820)  

92  exp thrombocytopenia/ (232160)  

93  exp microangiopathy/ or hypertransaminasemia/ (79139)  

94  spinal ganglion/ (26536)  

95  exp hemolytic anemia/ (140088)  

96  kidney injury/ or acute kidney failure/ (175604)  

97  exp liver toxicity/ (103332)  

98  (TMA or "dorsal root ganglion" or "dorsal root spinal ganglion" or "spinal ganglia" or 

"spine ganglion" or DRG or "hemolytic anemia" or "hemolytic anaemia" or "haemolytic 

anemia" or "haemolytic anaemia" or "acute kidney damage" or "acute kidney injury" or 

"acute kidney failure" or "acute renal damage" or "acute renal failure" or "elevated liver 

enzyme*" or "elevated hepatic enzyme*" or hepatotoxic* or "hepato toxic*" or "liver cell 

toxicit*" or "liver intoxication" or "liver poison*" or "liver toxic*" or "abnormal T2 

hyperintensit*").ti,ab. (222334)  

99  82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 

or 98 (10809812)  

100  4 and 8 and 17 and 81 and 99 (2586) 

 

This search strategy uses an adapted version of the RCT filter for Ovid MEDLINE from the 

Cochrane Highly Sensitive Search Strategy for identifying controlled trials in MEDLINE, 

courtesy of: https://libraryguides.mcgill.ca/epib629/rct-filters#s-lg-box-wrapper-13740118  

Source: Box 3.c., Technical Supplement to Chapter 4: Searching for and Selecting 

Studies. Cochrane Handbook for Systematic Reviews of Interventions Version 6.  

Database: Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 to present  

Search Strategy:  

1  exp Genetic Therapy/ (54409)  

2  ("DNA therap*" or (gene* adj2 therap*) or "gene* transfer*" or transgene or "gene 

replacement*" or "gene-edit*" or "gene silencing" or "gene repair*" or "gene 

correction*").ti,ab. (162791)  

3  1 or 2 (181624)  

4  ((randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or 

randomised.ab. or placebo.ab. or drug therapy.fs. or randomly.ab. or trial.ab. or groups.ab.) 

not (exp animals/ not humans.sh.) (5177269)  

5  clinical trial/ or clinical trial, phase i/ or clinical trial, phase ii/ or clinical trial, phase iii/ 

(602002)  

https://libraryguides.mcgill.ca/epib629/rct-filters#s-lg-box-wrapper-13740118
https://training.cochrane.org/handbook/version-6/chapter-4-tech-suppl
https://training.cochrane.org/handbook/version-6/chapter-4-tech-suppl


 6 

6  ("clinical trial*" or "phase i" or "phase 1" or "phase ii" or "phase 2" or "phase iii" or "phase 

3" or "interventional trial*" or "paediatric trial*" or "pediatric trial*" or "pivotal trial*" or 

"open label*" or "orphan drug*" or "rare disease*").ti,ab. (709665)  

7  Rare Diseases/ (14380)  

8  Orphan Drug Production/ (1465)  

9  4 or 5 or 6 or 7 or 8 (5540535)  

10  Epidural Space/ (4886)  

11  exp administration, intravenous/ or administration, ophthalmic/ (150896)  

12  exp injections, intraocular/ or injections, intravenous/ or exp injections, spinal/ (110553)  

13  (Intravenous* or intra-venous* or IV or systemic or infusion* or intramuscular* or intra-

muscular* or IM or intrathecal* or intra-thecal* or "cerebrospinal fluid*" or CSF or intra-

CSF or epidural* or spinal* or ophthalmol* or subretinal* or sub-retinal* or intravitreal* or 

intra-vitreal* or intraorbital* or intra-orbital* or intracerebroventricular* or intra-

cerebroventricular* or ICV or "i.c.v. injection*" or ICVI or intracerebral* or intra-cerebral* 

or IC or intraventricular* or intra-ventricular* or intraparenchyma* or intra-parenchyma* or 

"intra-cisterna magna" or ICM).ti,ab. (2316440)  

14  10 or 11 or 12 or 13 (2362480)  

15  Rare Diseases/ (14380)  

16  Orphan Drug Production/ (1465)  

17  exp Muscular Atrophy, Spinal/ (6639)  

18  exp Myopathies, Structural, Congenital/ (1624)  

19  exp Muscular Dystrophies/ (30356)  

20  exp Paraplegia/ (13603)  

21  exp Gangliosidoses/ (2695)  

22  exp Multiple Sclerosis/ (71739)  

23  Parkinson Disease/ (84852)  

24  Alzheimer Disease/ (123730)  

25  Neuronal Ceroid-Lipofuscinoses/ (2273)  

26  exp "Hereditary Sensory and Motor Neuropathy"/ (8261)  

27  hemophilia a/ or hemophilia b/ (25211)  

28  exp Anemia, Sickle Cell/ (26145)  

29  Glycogen Storage Disease Type II/ (1995)  

30  Canavan Disease/ (313)  

31  Fabry Disease/ (4224)  

32  exp Mucopolysaccharidoses/ (7094)  

33  Hyperlipoproteinemia Type II/ (7796)  

34  Cardiomyopathy, Dilated/ (17408)  

35  Cystic Fibrosis/ (40582)  

36  alpha 1-Antitrypsin Deficiency/ (3789)  

37  exp Ciliary Motility Disorders/ (2699)  

38  exp Macular Degeneration/ (31035)  

39  Leber Congenital Amaurosis/ (586)  

40  ("rare disease*" or "orphan drug*" or "monogenic disease*" or "monogenic disorder*" or 

"spinal muscular atrophy" or "spine muscle atrophy" or "myotubular myopathy" or 

"centronuclear myopathy" or "myotonic dystrophy" or "curschmann steinert disease" or 

"deleage disease" or "dystrophic myotonica" or "dystrophic myotonia" or "myotonia 
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atrophica" or "myotonia dystrophica" or "myotonic atrophia" or "myotonic atrophy" or 

"myotonic dystrophia" or "myotonic muscular dystrophy" or "myotonic muscular dystrophy" 

or "proximal myotonic myopathy" or "steinert disease" or "steinert myopathy" or "muscular 

dystrophy" or "muscle dystrophy" or "muscle dystrophia" or "motor neuron* disease" or 

MND or "Spastic paraplegia" or "spastic paraparesis" or gangliosidosis or "ganglioside 

lipidosis" or gangliosidoses or "multiple sclerosis" or "chariot disease" or "disseminated 

sclerosis" or "insular sclerosis" or MS or Parkinson* or "paralysis agitans" or Alzheimer* or 

Alzeimer* or "diffuse cortical sclerosis" or Batten* or "juvenile neuronal ceroid 

lipofuscinosis" or "Giant axonal neuropathy" or GAN or GAN-1 or "Amyotrophic lateral 

sclerosis" or ALS or "lou gehrig*" or Charcot-Marie-Tooth or "hereditary motor sensory 

neuropathy" or "charcot-marie" or "dejerine sottas" or "familial spastic para*" or "hereditary 

spastic para*" or Struempell or strumpel* or SCID-X or Haemophili* or hemophili* or 

"sickle cell" or drepanocyt* or "haemoglobin ss" or "hemoglobin ss" or "sickle anaemia" or 

"sickle anemia" or Pompe or "glycogen storage disease type 2" or "cardiomuscular 

glycogenosis" or "diffuse glycogenosis" or "glycogen storage disease type ii" or 

(glycogenos* adj2 (ii or targeted gene repair)) or Canavan* or "AADC deficien*" or Fabry* 

or "alpha galactosidase deficiency syndrome" or Mucopolysaccharidos* or "familial 

hypercholesterol*" or "buerger gruetz" or "burger grutz" or "familial hyperbetalipoprotein*" 

or "amilial hypercholester*" or "dilated cardiomyopathy" or "congestic cardiomyopathy" or 

"congestive heart disease" or "congestive myocardiopathy" or "cystic fibrosis" or "cystic 

pancreas fibrosis" or "fibrocystic disease" or "Alpha-1 antitrypsin deficiency" or "alpha 1 

proteinase inhibitor deficiency" or "alpha1 antitrypsin deficiency" or "antitrypsin alpha 1 

deficiency" or "ciliary dyskinesia" or "ciliary immotility" or "ciliatry motility disorders" or 

ciliostasis or "macula* degeneration" or "macula* atrophy" or "macular dystrophy" or LCA 

or Leber).ti,ab. (1119488)  

41  exp Retinal Dystrophies/ (10905)  

42  exp Retinitis Pigmentosa/ (10845)  

43  Color Vision Defects/ (4266)  

44  Friedreich Ataxia/ (2824)  

45  Leukodystrophy, Metachromatic/ (1330)  

46  Adenylosuccinate Lyase/ (267)  

47  Angelman Syndrome/ (1406)  

48  Leukodystrophy, Globoid Cell/ (1091)  

49  Rett Syndrome/ (3003)  

50  (LCA* or SMA or DMD or XMTM or LGMD or CMT or PD or MPS or Ho-FH or DCM 

or CF or AATD or PCD).ti,ab. (340964)  

51  ("retinal dystroph*" or "Retinitis Pigmentosa" or RP or "retinal pigment* dystroph*" or 

"tapeto retinal degeneration" or "tapetoretinal degeneration" or "tapetoretinal 

dystrophy").ti,ab. (49225)  

52  (achromatognosia or achromatopia or achromatopsia or "colour blind*" or "color blind*" 

or "color agnosia" or "colour agnosia" or "scoterythrous vision" or "duchenne syndrome" or 

"duchenne type muscular dystrophy" or "duchenne muscular dystrophy" or "morbus 

duchenne" or "pseudo hypertrophic myopathic progressive muscular dystrophy").ti,ab. 

(13233)  

53  ("backer muscular dystrophy" or "becker muscular dystrophy" or "dystrophic becker 

disease" or "becker dystrophy" or "becker type muscular dystrophy").ti,ab. (1795)  



 8 

54  (sarcoglycanopath* or Friedreich* or "hereditary spinal ataxia" or "spinal hereditary 

ataxia" or "spinal heredoataxia").ti,ab. (3759)  

55  ("cerebroside sulfatase deficiency syndrome" or "cerebroside sulfate storage disease" or 

"cerebroside sulphate storage disease" or "metachrom* leucodystrophy" or "metachrom* 

leukodystrophy" or "sulfatide lipidosis" or sulfatidosis or "sulphatide lipidosis").ti,ab. (1483)  

56  ("adenylosuccinate lyase" or adenylosuccinase or "adenylosuccinate amp lyase" or 

"adenylsuccinate lyase" or "e.c. 4.3.2.2" or "succinyladenylate lyase").ti,ab. (346)  

57  ("Angelman syndrome" or "happy puppet syndrome").ti,ab. (1726)  

58  ("hereditary progressive spinal muscular atrophy" or "hereditary spinal progressive 

muscular atrophy" or "hoffmann werdnig" or "werdnig hoffman" or ((infantile or "type 1" or 

"type I") adj3 "musc* atrophy")).ti,ab. (680)  

59  (Dubowitz or (("type 2" or "type II") adj3 "musc* atrophy")).ti,ab. (472)  

60  (kugelberg* or ((benign or juvenile or "type 3" or "type III") adj3 "musc* atrophy")).ti,ab. 

(515)  

61  ("limb girdle dystroph*" or "limb-girdle muscular dystroph*").ti,ab. (2360)  

62  ("GM1 gangliosidosis" or "gangliosidosis G(M1)" or "gangliosidosis gm 1" or 

"gangliosidosis GM1" or "gm 1 gangliosidosis").ti,ab. (784)  

63  ("Aromatic l-amino acid decarboxylase" or "3,4 dihydroxy l phenylalanine carboxylyase" 

or "3,4 dihydroxyphenylalanine decarboxylase" or "5 hydroxy levo tryptophan carboxylyase" 

or "5 hydroxytrypthophan decarboxylase" or "5 hydroxytryptophan carboxylyase" or "5 

hydroxytryptophan decarboxylase" or "5 hydroxytryptophane decarboxylase" or "aromatic 

amino acid decarboxylase*" or "aromatic aminoacid decarboxylase*" or "aromatic l amino 

acid carboxy lyase" or "aromatic l amino acid decarboxylase*" or "aromatic l aminoacid 

decarboxylase" or "aromatic levo aminoacid decarboxylase" or "dihydroxyphenylalanine 

decarboxylase" or "DOPA decarboxylase" or "e.c. 4.1.1.28" or "hydroxytryptophan 

decarboxylase" or "l 3,4 dihydroxyphenylalanine decarboxylase" or "l dopa decarboxylase" 

or "l tryptophan carboxylyase" or "levo dopa decarboxylase" or "levodopa decarboxylase" or 

"tryptophan decarboxylase").ti,ab. (3606)  

64  (krabbe or "beta galactosidase deficiency syndrome" or "galactosylceramidase deficiency 

syndrome" or "galactosylceramide lipidosis" or "globoid cell dystrophy" or "globoid cell 

leucodystrophy" or "globoid cell leukodystrophy" or "mckusick 24520").ti,ab. (1224)  

65  (rett or rett's).ti,ab. (4265)  

66  15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 

or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 

or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 

or 63 or 64 or 65 (1506235)  

67  pharmacovigilance/ (3515)  

68  (Pharmacovigilan* or pharmaco-vigilan* or toxicit* or SUSAR or SAE or AR or SAR or 

"adverse reaction*" or "adverse event*" or antibodies or immunosuppress* or 

immunotherap* or "immune management" or immunomodulat* or "subclinical immune 

response*" or immunologic* or aminotransaminase* or ((liver or hepatic) adj2 (damag* or 

injur* or inflamm*)) or leukemia or leukaemia or cancer* or tumor* or tumour* or humoral 

or "cellular immunity" or "innate immunity" or immunogenicity or "complement activation" 

or cytokine* or "pre-existing immunity" or ADA or cell-mediated or binding-antibod* or 

"induced response*" or pre-existing or preexisting or boosted or "capsid response*" or 

redosing or "cell-mediated immun*" or "T-cell immunity" or tolerance or tolerization or 
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TNF-alpha or prednisolone or eculizumab or "complement activation" or transaminitis or 

hypertransaminasemia or thrombocytopenia or microangiopathy).ti,ab. (5956431)  

69  exp Immunosuppressive Agents/ (348675)  

70  exp Leukemia/ (257251)  

71  exp Neoplasms/ (3941650)  

72  exp "Chemical and Drug Induced Liver Injury"/ (34033)  

73  exp Immunogenetic Phenomena/ (49969)  

74  exp Cytokines/ (805065)  

75  exp Prednisolone/ (54238)  

76  exp Thrombocytopenia/ (54496)  

77  Ganglia, Spinal/ (20340)  

78  exp Anemia, Hemolytic/ (82573)  

79  exp Acute Kidney Injury/ (57686)  

80  (TMA or "dorsal root ganglion" or "dorsal root spinal ganglion" or "spinal ganglia" or 

"spine ganglion" or DRG or "hemolytic anemia" or "hemolytic anaemia" or "haemolytic 

anemia" or "haemolytic anaemia" or "acute kidney damage" or "acute kidney injury" or 

"acute kidney failure" or "acute renal damage" or "acute renal failure" or "elevated liver 

enzyme*" or "elevated hepatic enzyme*" or hepatotoxic* or "hepato toxic*" or "liver cell 

toxicit*" or "liver intoxication" or "liver poison*" or "liver toxic*" or "abnormal T2 

hyperintensit*").ti,ab. (148467)  

81  67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 80 (7851538)  

82  3 and 9 and 14 and 66 and 81 (536) 

 

Cochrane Central Register of Controlled Trials 

Issue 2 of 12, February 2024 

#1 MeSH descriptor: [Genetic Therapy] explode all trees 358 

#2 ((DNA NEXT therap*) or (gene* near/2 therap*) or (gene* NEXT transfer*) or 

transgene or (gene NEXT replacement*) or (gene* next edit*) or "gene silencing" or (gene 

NEXT repair*) or (gene NEXT correction*)):ti,ab,kw 18478 

#3 #1 OR #2 18491 

#4 MeSH descriptor: [Infusion Pumps] explode all trees 1637 

#5 MeSH descriptor: [Epidural Space] explode all trees 294 

#6 MeSH descriptor: [Administration, Intravenous] explode all trees 22798 

#7 MeSH descriptor: [Administration, Ophthalmic] explode all trees 180 

#8 MeSH descriptor: [Injections, Intraocular] explode all trees 1494 

#9 MeSH descriptor: [Injections, Intravenous] explode all trees 9025 

#10 MeSH descriptor: [Injections, Spinal] explode all trees 1823 

#11 (Intravenous* or intra-venous* or IV or systemic or infusion* or intramuscular* or 

intra-muscular* or IM or intrathecal* or (intra NEXT thecal*) or (cerebrospinal NEXT 

fluid*) or CSF or intra-CSF or epidural* or spinal* or ophthalmol* or subretinal* or sub-

retinal* or intravitreal* or intra-vitreal* or intraorbital* or intra-orbital* or 

intracerebroventricular* or intra-cerebroventricular* or ICV or (i.c.v. NEXT injection*) or 

ICVI or intracerebral* or intra-cerebral* or IC or intraventricular* or (intra NEXT 

ventricular*) or intraparenchyma* or (intra NEXT parenchyma*) or "intra-cisterna magna" or 

ICM):ti,ab,kw 338369 

#12 #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 338571 

#13 MeSH descriptor: [Rare Diseases] explode all trees 77 

#14 MeSH descriptor: [Orphan Drug Production] explode all trees 19 
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#15 MeSH descriptor: [Muscular Atrophy, Spinal] explode all trees 148 

#16 MeSH descriptor: [Myopathies, Structural, Congenital] explode all trees 6 

#17 MeSH descriptor: [Muscular Dystrophies] explode all trees 659 

#18 MeSH descriptor: [Paraplegia] explode all trees 279 

#19 MeSH descriptor: [Gangliosidoses] explode all trees 11 

#20 MeSH descriptor: [Multiple Sclerosis] explode all trees 5178 

#21 MeSH descriptor: [Parkinson Disease] explode all trees 6009 

#22 MeSH descriptor: [Alzheimer Disease] explode all trees 5232 

#23 MeSH descriptor: [Neuronal Ceroid-Lipofuscinoses] explode all trees 11 

#24 MeSH descriptor: [Hereditary Sensory and Motor Neuropathy] explode all trees 119 

#25 MeSH descriptor: [Hemophilia A] explode all trees 641 

#26 MeSH descriptor: [Anemia, Sickle Cell] explode all trees 1061 

#27 MeSH descriptor: [Glycogen Storage Disease Type II] explode all trees 56 

#28 MeSH descriptor: [Canavan Disease] explode all trees 3 

#29 MeSH descriptor: [Fabry Disease] explode all trees 110 

#30 MeSH descriptor: [Mucopolysaccharidoses] explode all trees 106 

#31 MeSH descriptor: [Hyperlipoproteinemia Type II] explode all trees 664 

#32 MeSH descriptor: [Cardiomyopathy, Dilated] explode all trees 669 

#33 MeSH descriptor: [Cystic Fibrosis] explode all trees 2368 

#34 MeSH descriptor: [alpha 1-Antitrypsin Deficiency] explode all trees 120 

#35 MeSH descriptor: [Ciliary Motility Disorders] explode all trees 32 

#36 MeSH descriptor: [Macular Degeneration] explode all trees 3542 

#37 MeSH descriptor: [Leber Congenital Amaurosis] explode all trees 14 

#38 ((rare NEXT disease*) or (orphan NEXT drug*) or (monogenic NEXT disease*) or 

(monogenic NEXT disorder*) or "spinal muscular atrophy" or "spine muscle atrophy" or 

"myotubular myopathy" or "centronuclear myopathy" or "myotonic dystrophy" or 

"curschmann steinert disease" or "deleage disease" or "dystrophic myotonica" or "dystrophic 

myotonia" or "myotonia atrophica" or "myotonia dystrophica" or "myotonic atrophia" or 

"myotonic atrophy" or "myotonic dystrophia" or "myotonic muscular dystrophy" or 

"myotonic muscular dystrophy" or "proximal myotonic myopathy" or "steinert disease" or 

"steinert myopathy" or "muscular dystrophy" or "muscle dystrophy" or "muscle dystrophia" 

or (neuron* NEXT disease) or MND or "Spastic paraplegia" or "spastic paraparesis" or 

gangliosidosis or "ganglioside lipidosis" or gangliosidoses or "multiple sclerosis" or "chariot 

disease" or "disseminated sclerosis" or "insular sclerosis" or MS or Parkinson* or "paralysis 

agitans" or Alzheimer* or Alzeimer* or "diffuse cortical sclerosis" or Batten* or "juvenile 

neuronal ceroid lipofuscinosis" or "Giant axonal neuropathy" or GAN or GAN-1 or 

"Amyotrophic lateral sclerosis" or ALS or (lou NEXT gehrig*) or Charcot-Marie-Tooth or 

"hereditary motor sensory neuropathy" or charcot-marie or "dejerine sottas" or (spastic 

NEXT para*) or Struempell or strumpel* or SCID-X or Haemophili* or hemophili* or 

"sickle cell" or drepanocyt* or "haemoglobin ss" or "hemoglobin ss" or "sickle anaemia" or 

"sickle anemia" or Pompe or "glycogen storage disease type 2" or "cardiomuscular 

glycogenosis" or "diffuse glycogenosis" or "glycogen storage disease type ii" or 

(glycogenos* NEAR/2 (ii or targeted gene repair)) or Canavan* or (AADC NEXT deficien*) 

or Fabry* or "alpha galactosidase deficiency syndrome" or Mucopolysaccharidos* or 

(familial NEXT hypercholesterol*) or "buerger gruetz" or "burger grutz" or (familial NEXT 

hyperbetalipoprotein*) or (amilial NEXT hypercholester*) or "dilated cardiomyopathy" or 

"congestic cardiomyopathy" or "congestive heart disease" or "congestive myocardiopathy" or 

"cystic fibrosis" or "cystic pancreas fibrosis" or "fibrocystic disease" or "Alpha-1 antitrypsin 

deficiency" or "alpha 1 proteinase inhibitor deficiency" or "alpha1 antitrypsin deficiency" or 

"antitrypsin alpha 1 deficiency" or "ciliary dyskinesia" or "ciliary immotility" or "ciliatry 
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motility disorders" or ciliostasis or (macula* NEXT degeneration) or (macula* NEXT 

atrophy) or "macular dystrophy" or LCA or Leber):ti,ab,kw 79421 

#39 MeSH descriptor: [Retinal Dystrophies] explode all trees 164 

#40 MeSH descriptor: [Retinitis Pigmentosa] explode all trees 157 

#41 MeSH descriptor: [Color Vision Defects] explode all trees 50 

#42 MeSH descriptor: [Friedreich Ataxia] explode all trees 98 

#43 MeSH descriptor: [Leukodystrophy, Metachromatic] explode all trees 6 

#44 MeSH descriptor: [Adenylosuccinate Lyase] explode all trees 0 

#45 MeSH descriptor: [Angelman Syndrome] explode all trees 27 

#46 MeSH descriptor: [Leukodystrophy, Globoid Cell] explode all trees 2 

#47 MeSH descriptor: [Rett Syndrome] explode all trees 64 

#48 (LCA* or SMA or DMD or XMTM or LGMD or CMT or PD or MPS or Ho-FH or 

DCM or CF or AATD or PCD):ti,ab,kw 54647 

#49 ((retinal NEXT dystroph*) or "Retinitis Pigmentosa" or RP or (pigment* NEXT 

dystroph*) or "tapeto retinal degeneration" or "tapetoretinal degeneration" or "tapetoretinal 

dystrophy"):ti,ab,kw 3262 

#50 (achromatognosia or achromatopia or achromatopsia or (colour NEXT blind*) or 

(color NEXT blind*) or "color agnosia" or "colour agnosia" or "scoterythrous vision" or 

"duchenne syndrome" or "duchenne type muscular dystrophy" or "duchenne muscular 

dystrophy" or "morbus duchenne" or "pseudo hypertrophic myopathic progressive muscular 

dystrophy"):ti,ab,kw 914 

#51 ("backer muscular dystrophy" or "becker muscular dystrophy" or "dystrophic becker 

disease" or "becker dystrophy" or "becker type muscular dystrophy"):ti,ab,kw 84 

#52 (sarcoglycanopath* or Friedreich* or "hereditary spinal ataxia" or "spinal hereditary 

ataxia" or "spinal heredoataxia"):ti,ab,kw 177 

#53 ("cerebroside sulfatase deficiency syndrome" or "cerebroside sulfate storage disease" 

or "cerebroside sulphate storage disease" or (metachrom* NEXT leucodystrophy) or 

(metachrom* NEXT leukodystrophy) or "sulfatide lipidosis" or sulfatidosis or "sulphatide 

lipidosis"):ti,ab,kw 9 

#54 ("adenylosuccinate lyase" or adenylosuccinase or "adenylosuccinate amp lyase" or 

"adenylsuccinate lyase" or "e.c. 4.3.2.2" or "succinyladenylate lyase"):ti,ab,kw 1 

#55 ("Angelman syndrome" or "happy puppet syndrome"):ti,ab,kw 42 

#56 ("hereditary progressive spinal muscular atrophy" or "hereditary spinal progressive 

muscular atrophy" or "hoffmann werdnig" or "werdnig hoffman" or ((infantile or "type 1" or 

"type I") near/4 atrophy)):ti,ab,kw 33 

#57 (Dubowitz or (("type 2" or "type II") near/4 atrophy)):ti,ab,kw 78 

#58 (kugelberg* or ((benign or juvenile or "type 3" or "type III") near/4 atrophy)):ti,ab,kw

 74 

#59 ((girdle NEXT dystroph*) or ("limb-girdle muscular" NEXT dystroph*)):ti,ab,kw 41 

#60 ("GM1 gangliosidosis" or "gangliosidosis G(M1)" or "gangliosidosis gm 1" or 

"gangliosidosis GM1" or "gm 1 gangliosidosis"):ti,ab,kw 7 

#61 ("Aromatic l-amino acid decarboxylase" or "3,4 dihydroxy l phenylalanine 

carboxylyase" or "3,4 dihydroxyphenylalanine decarboxylase" or "5 hydroxy levo tryptophan 

carboxylyase" or "5 hydroxytrypthophan decarboxylase" or "5 hydroxytryptophan 

carboxylyase" or "5 hydroxytryptophan decarboxylase" or "5 hydroxytryptophane 

decarboxylase" or ("aromatic amino acid" NEXT decarboxylase*) or ("aromatic aminoacid" 

NEXT decarboxylase*) or "aromatic l amino acid carboxy lyase" or ("aromatic l amino acid" 

NEXT decarboxylase*) or "aromatic l aminoacid decarboxylase" or "aromatic levo 

aminoacid decarboxylase" or "dihydroxyphenylalanine decarboxylase" or "DOPA 

decarboxylase" or "e.c. 4.1.1.28" or "hydroxytryptophan decarboxylase" or "l 3,4 
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dihydroxyphenylalanine decarboxylase" or "l dopa decarboxylase" or "l tryptophan 

carboxylyase" or "levo dopa decarboxylase" or "levodopa decarboxylase" or "tryptophan 

decarboxylase"):ti,ab,kw 241 

#62 (krabbe or "beta galactosidase deficiency syndrome" or "galactosylceramidase 

deficiency syndrome" or "galactosylceramide lipidosis" or "globoid cell dystrophy" or 

"globoid cell leucodystrophy" or "globoid cell leukodystrophy" or "mckusick 

24520"):ti,ab,kw 8 

#63 (rett or rett's):ti,ab,kw 121 

#64 #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or 

#25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or 

#38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or 

#51 or #52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60 or #61 or #62 or #63

 125949 

#65 MeSH descriptor: [Pharmacovigilance] explode all trees 42 

#66 (Pharmacovigilan* or pharmaco-vigilan* or toxicit* or SUSAR or SAE or AR or 

SAR or (adverse NEXT  reaction*) or (adverse NEXT event*) or antibodies or 

immunosuppress* or immunotherap* or "immune management" or immunomodulat* or 

("subclinical immune" NEXT response*) or immunologic* or aminotransaminase* or ((liver 

or hepatic) NEAR/2 (damag* or injur* or inflamm*)) or leukemia or leukaemia or cancer* or 

tumor* or tumour* or humoral or "cellular immunity" or "innate immunity" or 

immunogenicity or "complement activation" or cytokine* or "pre-existing immunity" or 

ADA or cell-mediated or (binding NEXT antibod*) or (induced NEXT response*) or pre-

existing or preexisting or boosted or (capsid NEXT response*) or redosing or (cell-mediated 

NEXT immun*) or "T-cell immunity" or tolerance or tolerization or TNF-alpha or 

prednisolone or eculizumab or "complement activation" or transaminitis or 

hypertransaminasemia or thrombocytopenia or microangiopathy):ti,ab,kw 526912 

#67 MeSH descriptor: [Immunosuppressive Agents] explode all trees 6937 

#68 MeSH descriptor: [Leukemia] explode all trees 6529 

#69 MeSH descriptor: [Neoplasms] explode all trees 123839 

#70 MeSH descriptor: [Chemical and Drug Induced Liver Injury] explode all trees 474 

#71 MeSH descriptor: [Immunogenetic Phenomena] explode all trees 135 

#72 MeSH descriptor: [Cytokines] explode all trees 27506 

#73 MeSH descriptor: [Prednisolone] explode all trees 5996 

#74 MeSH descriptor: [Thrombocytopenia] explode all trees 1790 

#75 MeSH descriptor: [Ganglia, Spinal] explode all trees 71 

#76 MeSH descriptor: [Anemia, Hemolytic] explode all trees 1840 

#77 MeSH descriptor: [Acute Kidney Injury] explode all trees 2347 

#78 (TMA or "dorsal root ganglion" or "dorsal root spinal ganglion" or "spinal ganglia" or 

"spine ganglion" or DRG or "hemolytic anemia" or "hemolytic anaemia" or "haemolytic 

anemia" or "haemolytic anaemia" or "acute kidney damage" or "acute kidney injury" or 

"acute kidney failure" or "acute renal damage" or "acute renal failure" or ("elevated liver" 

NEXT enzyme*) or ("elevated hepatic" NEXT enzyme*) or hepatotoxic* or (hepato NEXT 

toxic*) or ("liver cell" NEXT toxicit*) or "liver intoxication" or (liver NEXT poison*) or 

(liver NEXT toxic*) or ("abnormal T2" NEXT hyperintensit*)):ti,ab,kw 11367 

#79 #65 or #66 or #67 or #68 or #69 or #70 or #71 or #72 or #73 or #74 or #75 or #76 or 

#77 or #78 560567 

#80 #3 and #12 and #64 and #79 732 
 
 
 



 13 

 
 
 

Table S2. Search Results for Real-World Studies. 

Ovid Embase 433 

Ovid Medline 44 

Cochrane CENTRAL 31 

Total 508 

Total after deduplication 445 
 

Database: Embase 1974 to present  

Database: Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 to present 

 

Search Strategy:  

--------------------------------------------------------------------------------  

1  exp gene therapy/ (102165)  

2  targeted gene repair/ (445)  

3  ("DNA therap*" or (gene* adj2 therap*) or "gene* transfer*" or transgene or "gene 

replacement*" or "gene-edit*" or "gene silencing" or "gene repair*" or "gene 

correction*").ti,ab. (212907)  

4  1 or 2 or 3 (251960)  

5  epidural drug administration/ or intracisternal drug administration/ or intrathecal drug 

administration/ (27063)  

6  intraocular drug administration/ or intracorneal drug administration/ or intravitreal drug 

administration/ or subretinal drug administration/ (10616)  

7  exp intraspinal drug administration/ (29464)  

8  exp intraocular drug administration/ (12131)  

9  drug infusion/ (17165)  

10  exp intracerebral drug administration/ (31720)  

11  intravenous drug administration/ (384430)  

12  (Intravenous* or intra-venous* or IV or systemic or infusion* or intramuscular* or intra-

muscular* or IM or intrathecal* or intra-thecal* or "cerebrospinal fluid*" or CSF or intra-

CSF or epidural* or spinal* or ophthalmol* or subretinal* or sub-retinal* or intravitreal* or 

intra-vitreal* or intraorbital* or intra-orbital* or intracerebroventricular* or intra-

cerebroventricular* or ICV or "i.c.v. injection*" or ICVI or intracerebral* or intra-cerebral* 

or IC or intraventricular* or intra-ventricular* or intraparenchyma* or intra-parenchyma* or 

"intra-cisterna magna" or ICM).ti,ab. (3195173)  

13  5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 (3407200)  

14  rare disease/ (50265)  

15  orphan drug/ (4013)  

16  exp spinal muscular atrophy/ (71765)  

17  centronuclear myopathy/ (1323)  

18  myotonic dystrophy/ (9744)  

19  exp muscular dystrophy/ (52657)  

20  spastic paraplegia/ (5101)  

21  exp gangliosidosis/ (4390)  
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22  multiple sclerosis/ (161878)  

23  parkinson disease/ or autosomal dominant parkinson disease/ (196772)  

24  Alzheimer disease/ (257013)  

25  juvenile neuronal ceroid lipofuscinosis/ (295)  

26  giant axonal neuropathy/ (320)  

27  hereditary motor sensory neuropathy/ (13412)  

28  exp hemophilia/ (46582)  

29  exp sickle cell anemia/ (47775)  

30  glycogen storage disease type 2/ (5209)  

31  Canavan disease/ (818)  

32  Fabry disease/ (9593)  

33  exp mucopolysaccharidosis/ (14039)  

34  familial hypercholesterolemia/ (12739)  

35  exp congestive cardiomyopathy/ (55227)  

36  cystic fibrosis/ (86136)  

37  alpha 1 antitrypsin deficiency/ (6642)  

38  ciliary dyskinesia/ (3703)  

39  exp macular degeneration/ (27716)  

40  Leber congenital amaurosis/ (2306)  

41  exp monogenic disorder/ (573870)  

42  ("rare disease*" or "orphan drug*" or "monogenic disease*" or "monogenic disorder*" or 

"spinal muscular atrophy" or "spine muscle atrophy" or "myotubular myopathy" or 

"centronuclear myopathy" or "myotonic dystrophy" or "curschmann steinert disease" or 

"deleage disease" or "dystrophic myotonica" or "dystrophic myotonia" or "myotonia 

atrophica" or "myotonia dystrophica" or "myotonic atrophia" or "myotonic atrophy" or 

"myotonic dystrophia" or "myotonic muscular dystrophy" or "myotonic muscular dystrophy" 

or "proximal myotonic myopathy" or "steinert disease" or "steinert myopathy" or "muscular 

dystrophy" or "muscle dystrophy" or "muscle dystrophia" or "motor neuron* disease" or 

MND or "Spastic paraplegia" or "spastic paraparesis" or gangliosidosis or "ganglioside 

lipidosis" or gangliosidoses or "multiple sclerosis" or "chariot disease" or "disseminated 

sclerosis" or "insular sclerosis" or MS or Parkinson* or "paralysis agitans" or Alzheimer* or 

Alzeimer* or "diffuse cortical sclerosis" or Batten* or "juvenile neuronal ceroid 

lipofuscinosis" or "Giant axonal neuropathy" or GAN or GAN-1 or "Amyotrophic lateral 

sclerosis" or ALS or "lou gehrig*" or Charcot-Marie-Tooth or "hereditary motor sensory 

neuropathy" or "charcot-marie" or "dejerine sottas" or "familial spastic para*" or "hereditary 

spastic para*" or Struempell or strumpel* or SCID-X or Haemophili* or hemophili* or 

"sickle cell" or drepanocyt* or "haemoglobin ss" or "hemoglobin ss" or "sickle anaemia" or 

"sickle anemia" or Pompe or "glycogen storage disease type 2" or "cardiomuscular 

glycogenosis" or "diffuse glycogenosis" or "glycogen storage disease type ii" or 

(glycogenos* adj2 (ii or targeted gene repair)) or Canavan* or "AADC deficien*" or Fabry* 

or "alpha galactosidase deficiency syndrome" or Mucopolysaccharidos* or "familial 

hypercholesterol*" or "buerger gruetz" or "burger grutz" or "familial hyperbetalipoprotein*" 

or "amilial hypercholester*" or "dilated cardiomyopathy" or "congestic cardiomyopathy" or 

"congestive heart disease" or "congestive myocardiopathy" or "cystic fibrosis" or "cystic 

pancreas fibrosis" or "fibrocystic disease" or "Alpha-1 antitrypsin deficiency" or "alpha 1 

proteinase inhibitor deficiency" or "alpha1 antitrypsin deficiency" or "antitrypsin alpha 1 

deficiency" or "ciliary dyskinesia" or "ciliary immotility" or "ciliatry motility disorders" or 

ciliostasis or "macula* degeneration" or "macula* atrophy" or "macular dystrophy" or LCA 

or Leber).ti,ab. (1546055)  

43  exp retina dystrophy/ (5296)  
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44  retinitis pigmentosa/ (13362)  

45  color blindness/ (2021)  

46  Duchenne muscular dystrophy/ (20330)  

47  Becker muscular dystrophy/ (3590)  

48  sarcoglycanopathy/ (348)  

49  Friedreich ataxia/ (5028)  

50  metachromatic leukodystrophy/ (2429)  

51  adenylosuccinate lyase/ (454)  

52  happy puppet syndrome/ (3332)  

53  Werdnig Hoffmann disease/ (1410)  

54  spinal muscular atrophy type 2/ (635)  

55  Kugelberg Welander disease/ (714)  

56  limb girdle muscular dystrophy/ (4278)  

57  GM1 gangliosidosis/ (1100)  

58  aromatic levo amino acid decarboxylase/ (3428)  

59  globoid cell leukodystrophy/ (2158)  

60  Rett syndrome/ (6379)  

61  (LCA* or SMA or DMD or XMTM or LGMD or CMT or PD or MPS or Ho-FH or DCM 

or CF or AATD or PCD).ti,ab. (548959)  

62  ("retinal dystroph*" or "Retinitis Pigmentosa" or RP or "retinal pigment* dystroph*" or 

"tapeto retinal degeneration" or "tapetoretinal degeneration" or "tapetoretinal 

dystrophy").ti,ab. (79169)  

63  (achromatognosia or achromatopia or achromatopsia or "colour blind*" or "color blind*" 

or "color agnosia" or "colour agnosia" or "scoterythrous vision" or "duchenne syndrome" or 

"duchenne type muscular dystrophy" or "duchenne muscular dystrophy" or "morbus 

duchenne" or "pseudo hypertrophic myopathic progressive muscular dystrophy").ti,ab. 

(18435)  

64  ("backer muscular dystrophy" or "becker muscular dystrophy" or "dystrophic becker 

disease" or "becker dystrophy" or "becker type muscular dystrophy").ti,ab. (2569)  

65  (sarcoglycanopath* or Friedreich* or "hereditary spinal ataxia" or "spinal hereditary 

ataxia" or "spinal heredoataxia").ti,ab. (4744)  

66  ("cerebroside sulfatase deficiency syndrome" or "cerebroside sulfate storage disease" or 

"cerebroside sulphate storage disease" or "metachrom* leucodystrophy" or "metachrom* 

leukodystrophy" or "sulfatide lipidosis" or sulfatidosis or "sulphatide lipidosis").ti,ab. (1839)  

67  ("adenylosuccinate lyase" or adenylosuccinase or "adenylosuccinate amp lyase" or 

"adenylsuccinate lyase" or "e.c. 4.3.2.2" or "succinyladenylate lyase").ti,ab. (381)  

68  ("Angelman syndrome" or "happy puppet syndrome").ti,ab. (2211)  

69  ("hereditary progressive spinal muscular atrophy" or "hereditary spinal progressive 

muscular atrophy" or "hoffmann werdnig" or "werdnig hoffman" or ((infantile or "type 1" or 

"type I") adj3 "musc* atrophy")).ti,ab. (1090)  

70  (Dubowitz or (("type 2" or "type II") adj3 "musc* atrophy")).ti,ab. (702)  

71  (kugelberg* or ((benign or juvenile or "type 3" or "type III") adj3 "musc* atrophy")).ti,ab. 

(584)  

72  ("limb girdle dystroph*" or "limb-girdle muscular dystroph*").ti,ab. (3733)  

73  ("GM1 gangliosidosis" or "gangliosidosis G(M1)" or "gangliosidosis gm 1" or 

"gangliosidosis GM1" or "gm 1 gangliosidosis").ti,ab. (924)  

74  ("Aromatic l-amino acid decarboxylase" or "3,4 dihydroxy l phenylalanine carboxylyase" 

or "3,4 dihydroxyphenylalanine decarboxylase" or "5 hydroxy levo tryptophan carboxylyase" 

or "5 hydroxytrypthophan decarboxylase" or "5 hydroxytryptophan carboxylyase" or "5 

hydroxytryptophan decarboxylase" or "5 hydroxytryptophane decarboxylase" or "aromatic 
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amino acid decarboxylase*" or "aromatic aminoacid decarboxylase*" or "aromatic l amino 

acid carboxy lyase" or "aromatic l amino acid decarboxylase*" or "aromatic l aminoacid 

decarboxylase" or "aromatic levo aminoacid decarboxylase" or "dihydroxyphenylalanine 

decarboxylase" or "DOPA decarboxylase" or "e.c. 4.1.1.28" or "hydroxytryptophan 

decarboxylase" or "l 3,4 dihydroxyphenylalanine decarboxylase" or "l dopa decarboxylase" 

or "l tryptophan carboxylyase" or "levo dopa decarboxylase" or "levodopa decarboxylase" or 

"tryptophan decarboxylase").ti,ab. (4204)  

75  (krabbe or "beta galactosidase deficiency syndrome" or "galactosylceramidase deficiency 

syndrome" or "galactosylceramide lipidosis" or "globoid cell dystrophy" or "globoid cell 

leucodystrophy" or "globoid cell leukodystrophy" or "mckusick 24520").ti,ab. (1625)  

76  (rett or rett's).ti,ab. (5514)  

77  14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 

or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 

or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 

or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 

(2541161)  

78  exp pharmacovigilance/ (23261)  

79  (Pharmacovigilan* or pharmaco-vigilan* or toxicit* or SUSAR or SAE or AR or SAR or 

"adverse reaction*" or "adverse event*" or antibodies or immunosuppress* or 

immunotherap* or "immune management" or immunomodulat* or "subclinical immune 

response*" or immunologic* or aminotransaminase* or ((liver or hepatic) adj2 (damag* or 

injur* or inflamm*)) or leukemia or leukaemia or cancer* or tumor* or tumour* or humoral 

or "cellular immunity" or "innate immunity" or immunogenicity or "complement activation" 

or cytokine* or "pre-existing immunity" or ADA or cell-mediated or binding-antibod* or 

"induced response*" or pre-existing or preexisting or boosted or "capsid response*" or 

redosing or "cell-mediated immun*" or "T-cell immunity" or tolerance or tolerization or 

TNF-alpha or prednisolone or eculizumab or "complement activation" or transaminitis or 

hypertransaminasemia or thrombocytopenia or microangiopathy).ti,ab. (8022126)  

80  exp immunosuppressive treatment/ (260883)  

81  exp leukemia/ (378133)  

82  exp neoplasm/ (5678672)  

83  exp liver injury/ (81741)  

84  exp immunogenicity/ (89304)  

85  exp cytokine/ (1961953)  

86  prednisolone/ (153065)  

87  eculizumab/ (9820)  

88  exp thrombocytopenia/ (232160)  

89  exp microangiopathy/ or hypertransaminasemia/ (79139)  

90  spinal ganglion/ (26536)  

91  exp hemolytic anemia/ (140088)  

92  kidney injury/ or acute kidney failure/ (175604)  

93  exp liver toxicity/ (103332)  

94  (TMA or "dorsal root ganglion" or "dorsal root spinal ganglion" or "spinal ganglia" or 

"spine ganglion" or DRG or "hemolytic anemia" or "hemolytic anaemia" or "haemolytic 

anemia" or "haemolytic anaemia" or "acute kidney damage" or "acute kidney injury" or 

"acute kidney failure" or "acute renal damage" or "acute renal failure" or "elevated liver 

enzyme*" or "elevated hepatic enzyme*" or hepatotoxic* or "hepato toxic*" or "liver cell 

toxicit*" or "liver intoxication" or "liver poison*" or "liver toxic*" or "abnormal T2 

hyperintensit*").ti,ab. (222334)  

95  78 or 79 or 80 or 81 or 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 
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or 94 (10809812)  

96  4 and 13 and 77 and 95 (5391)  

97  case report/ (2972354)  

98  observational study/ (361533)  

99  ("case report*" or real-world or observational).ti,ab,kf. (1237582)  

100  97 or 98 or 99 (3729719)  

101  96 and 100 (433)  

 

Database: Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-

Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 to present  

Search Strategy:  

--------------------------------------------------------------------------------  

 

1  exp Genetic Therapy/ (54409)  

2  ("DNA therap*" or (gene* adj2 therap*) or "gene* transfer*" or transgene or "gene 

replacement*" or "gene-edit*" or "gene silencing" or "gene repair*" or "gene 

correction*").ti,ab. (162791)  

3  1 or 2 (181624)  

4  Epidural Space/ (4886)  

5  exp administration, intravenous/ or administration, ophthalmic/ (150896)  

6  exp injections, intraocular/ or injections, intravenous/ or exp injections, spinal/ (110553)  

7  (Intravenous* or intra-venous* or IV or systemic or infusion* or intramuscular* or intra-

muscular* or IM or intrathecal* or intra-thecal* or "cerebrospinal fluid*" or CSF or intra-

CSF or epidural* or spinal* or ophthalmol* or subretinal* or sub-retinal* or intravitreal* or 

intra-vitreal* or intraorbital* or intra-orbital* or intracerebroventricular* or intra-

cerebroventricular* or ICV or "i.c.v. injection*" or ICVI or intracerebral* or intra-cerebral* 

or IC or intraventricular* or intra-ventricular* or intraparenchyma* or intra-parenchyma* or 

"intra-cisterna magna" or ICM).ti,ab. (2316440)  

8  4 or 5 or 6 or 7 (2362480)  

9  Rare Diseases/ (14380)  

10  Orphan Drug Production/ (1465)  

11  exp Muscular Atrophy, Spinal/ (6639)  

12  exp Myopathies, Structural, Congenital/ (1624)  

13  exp Muscular Dystrophies/ (30356)  

14  exp Paraplegia/ (13603)  

15  exp Gangliosidoses/ (2695)  

16  exp Multiple Sclerosis/ (71739)  

17  Parkinson Disease/ (84852)  

18  Alzheimer Disease/ (123730)  

19  Neuronal Ceroid-Lipofuscinoses/ (2273)  

20  exp "Hereditary Sensory and Motor Neuropathy"/ (8261)  

21  hemophilia a/ or hemophilia b/ (25211)  

22  exp Anemia, Sickle Cell/ (26145)  

23  Glycogen Storage Disease Type II/ (1995)  

24  Canavan Disease/ (313)  
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25  Fabry Disease/ (4224)  

26  exp Mucopolysaccharidoses/ (7094)  

27  Hyperlipoproteinemia Type II/ (7796)  

28  Cardiomyopathy, Dilated/ (17408)  

29  Cystic Fibrosis/ (40582)  

30  alpha 1-Antitrypsin Deficiency/ (3789)  

31  exp Ciliary Motility Disorders/ (2699)  

32  exp Macular Degeneration/ (31035)  

33  Leber Congenital Amaurosis/ (586)  

34  ("rare disease*" or "orphan drug*" or "monogenic disease*" or "monogenic disorder*" or 

"spinal muscular atrophy" or "spine muscle atrophy" or "myotubular myopathy" or 

"centronuclear myopathy" or "myotonic dystrophy" or "curschmann steinert disease" or 

"deleage disease" or "dystrophic myotonica" or "dystrophic myotonia" or "myotonia 

atrophica" or "myotonia dystrophica" or "myotonic atrophia" or "myotonic atrophy" or 

"myotonic dystrophia" or "myotonic muscular dystrophy" or "myotonic muscular dystrophy" 

or "proximal myotonic myopathy" or "steinert disease" or "steinert myopathy" or "muscular 

dystrophy" or "muscle dystrophy" or "muscle dystrophia" or "motor neuron* disease" or 

MND or "Spastic paraplegia" or "spastic paraparesis" or gangliosidosis or "ganglioside 

lipidosis" or gangliosidoses or "multiple sclerosis" or "chariot disease" or "disseminated 

sclerosis" or "insular sclerosis" or MS or Parkinson* or "paralysis agitans" or Alzheimer* or 

Alzeimer* or "diffuse cortical sclerosis" or Batten* or "juvenile neuronal ceroid 

lipofuscinosis" or "Giant axonal neuropathy" or GAN or GAN-1 or "Amyotrophic lateral 

sclerosis" or ALS or "lou gehrig*" or Charcot-Marie-Tooth or "hereditary motor sensory 

neuropathy" or "charcot-marie" or "dejerine sottas" or "familial spastic para*" or "hereditary 

spastic para*" or Struempell or strumpel* or SCID-X or Haemophili* or hemophili* or 

"sickle cell" or drepanocyt* or "haemoglobin ss" or "hemoglobin ss" or "sickle anaemia" or 

"sickle anemia" or Pompe or "glycogen storage disease type 2" or "cardiomuscular 

glycogenosis" or "diffuse glycogenosis" or "glycogen storage disease type ii" or 

(glycogenos* adj2 (ii or targeted gene repair)) or Canavan* or "AADC deficien*" or Fabry* 

or "alpha galactosidase deficiency syndrome" or Mucopolysaccharidos* or "familial 

hypercholesterol*" or "buerger gruetz" or "burger grutz" or "familial hyperbetalipoprotein*" 

or "amilial hypercholester*" or "dilated cardiomyopathy" or "congestic cardiomyopathy" or 

"congestive heart disease" or "congestive myocardiopathy" or "cystic fibrosis" or "cystic 

pancreas fibrosis" or "fibrocystic disease" or "Alpha-1 antitrypsin deficiency" or "alpha 1 

proteinase inhibitor deficiency" or "alpha1 antitrypsin deficiency" or "antitrypsin alpha 1 

deficiency" or "ciliary dyskinesia" or "ciliary immotility" or "ciliatry motility disorders" or 

ciliostasis or "macula* degeneration" or "macula* atrophy" or "macular dystrophy" or LCA 

or Leber).ti,ab. (1119488)  

35  exp Retinal Dystrophies/ (10905)  

36  exp Retinitis Pigmentosa/ (10845)  

37  Color Vision Defects/ (4266)  

38  Friedreich Ataxia/ (2824)  

39  Leukodystrophy, Metachromatic/ (1330)  

40  Adenylosuccinate Lyase/ (267)  

41  Angelman Syndrome/ (1406)  

42  Leukodystrophy, Globoid Cell/ (1091)  
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43  Rett Syndrome/ (3003)  

44  (LCA* or SMA or DMD or XMTM or LGMD or CMT or PD or MPS or Ho-FH or DCM 

or CF or AATD or PCD).ti,ab. (340964)  

45  ("retinal dystroph*" or "Retinitis Pigmentosa" or RP or "retinal pigment* dystroph*" or 

"tapeto retinal degeneration" or "tapetoretinal degeneration" or "tapetoretinal 

dystrophy").ti,ab. (49225)  

46  (achromatognosia or achromatopia or achromatopsia or "colour blind*" or "color blind*" 

or "color agnosia" or "colour agnosia" or "scoterythrous vision" or "duchenne syndrome" or 

"duchenne type muscular dystrophy" or "duchenne muscular dystrophy" or "morbus 

duchenne" or "pseudo hypertrophic myopathic progressive muscular dystrophy").ti,ab. 

(13233)  

47  ("backer muscular dystrophy" or "becker muscular dystrophy" or "dystrophic becker 

disease" or "becker dystrophy" or "becker type muscular dystrophy").ti,ab. (1795)  

48  (sarcoglycanopath* or Friedreich* or "hereditary spinal ataxia" or "spinal hereditary 

ataxia" or "spinal heredoataxia").ti,ab. (3759)  

49  ("cerebroside sulfatase deficiency syndrome" or "cerebroside sulfate storage disease" or 

"cerebroside sulphate storage disease" or "metachrom* leucodystrophy" or "metachrom* 

leukodystrophy" or "sulfatide lipidosis" or sulfatidosis or "sulphatide lipidosis").ti,ab. (1483)  

50  ("adenylosuccinate lyase" or adenylosuccinase or "adenylosuccinate amp lyase" or 

"adenylsuccinate lyase" or "e.c. 4.3.2.2" or "succinyladenylate lyase").ti,ab. (346)  

51  ("Angelman syndrome" or "happy puppet syndrome").ti,ab. (1726)  

52  ("hereditary progressive spinal muscular atrophy" or "hereditary spinal progressive 

muscular atrophy" or "hoffmann werdnig" or "werdnig hoffman" or ((infantile or "type 1" or 

"type I") adj3 "musc* atrophy")).ti,ab. (680)  

53  (Dubowitz or (("type 2" or "type II") adj3 "musc* atrophy")).ti,ab. (472)  

54  (kugelberg* or ((benign or juvenile or "type 3" or "type III") adj3 "musc* atrophy")).ti,ab. 

(515)  

55  ("limb girdle dystroph*" or "limb-girdle muscular dystroph*").ti,ab. (2360)  

56  ("GM1 gangliosidosis" or "gangliosidosis G(M1)" or "gangliosidosis gm 1" or 

"gangliosidosis GM1" or "gm 1 gangliosidosis").ti,ab. (784)  

57  ("Aromatic l-amino acid decarboxylase" or "3,4 dihydroxy l phenylalanine carboxylyase" 

or "3,4 dihydroxyphenylalanine decarboxylase" or "5 hydroxy levo tryptophan carboxylyase" 

or "5 hydroxytrypthophan decarboxylase" or "5 hydroxytryptophan carboxylyase" or "5 

hydroxytryptophan decarboxylase" or "5 hydroxytryptophane decarboxylase" or "aromatic 

amino acid decarboxylase*" or "aromatic aminoacid decarboxylase*" or "aromatic l amino 

acid carboxy lyase" or "aromatic l amino acid decarboxylase*" or "aromatic l aminoacid 

decarboxylase" or "aromatic levo aminoacid decarboxylase" or "dihydroxyphenylalanine 

decarboxylase" or "DOPA decarboxylase" or "e.c. 4.1.1.28" or "hydroxytryptophan 

decarboxylase" or "l 3,4 dihydroxyphenylalanine decarboxylase" or "l dopa decarboxylase" 

or "l tryptophan carboxylyase" or "levo dopa decarboxylase" or "levodopa decarboxylase" or 

"tryptophan decarboxylase").ti,ab. (3606)  

58  (krabbe or "beta galactosidase deficiency syndrome" or "galactosylceramidase deficiency 

syndrome" or "galactosylceramide lipidosis" or "globoid cell dystrophy" or "globoid cell 

leucodystrophy" or "globoid cell leukodystrophy" or "mckusick 24520").ti,ab. (1224)  

59  (rett or rett's).ti,ab. (4265)  

60  9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 
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or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 

or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 

or 57 or 58 or 59 (1506235)  

61  pharmacovigilance/ (3515)  

62  (Pharmacovigilan* or pharmaco-vigilan* or toxicit* or SUSAR or SAE or AR or SAR or 

"adverse reaction*" or "adverse event*" or antibodies or immunosuppress* or 

immunotherap* or "immune management" or immunomodulat* or "subclinical immune 

response*" or immunologic* or aminotransaminase* or ((liver or hepatic) adj2 (damag* or 

injur* or inflamm*)) or leukemia or leukaemia or cancer* or tumor* or tumour* or humoral 

or "cellular immunity" or "innate immunity" or immunogenicity or "complement activation" 

or cytokine* or "pre-existing immunity" or ADA or cell-mediated or binding-antibod* or 

"induced response*" or pre-existing or preexisting or boosted or "capsid response*" or 

redosing or "cell-mediated immun*" or "T-cell immunity" or tolerance or tolerization or 

TNF-alpha or prednisolone or eculizumab or "complement activation" or transaminitis or 

hypertransaminasemia or thrombocytopenia or microangiopathy).ti,ab. (5956431)  

63  exp Immunosuppressive Agents/ (348675)  

64  exp Leukemia/ (257251)  

65  exp Neoplasms/ (3941650)  

66  exp "Chemical and Drug Induced Liver Injury"/ (34033)  

67  exp Immunogenetic Phenomena/ (49969)  

68  exp Cytokines/ (805065)  

69  exp Prednisolone/ (54238)  

70  exp Thrombocytopenia/ (54496)  

71  Ganglia, Spinal/ (20340)  

72  exp Anemia, Hemolytic/ (82573)  

73  exp Acute Kidney Injury/ (57686)  

74  (TMA or "dorsal root ganglion" or "dorsal root spinal ganglion" or "spinal ganglia" or 

"spine ganglion" or DRG or "hemolytic anemia" or "hemolytic anaemia" or "haemolytic 

anemia" or "haemolytic anaemia" or "acute kidney damage" or "acute kidney injury" or 

"acute kidney failure" or "acute renal damage" or "acute renal failure" or "elevated liver 

enzyme*" or "elevated hepatic enzyme*" or hepatotoxic* or "hepato toxic*" or "liver cell 

toxicit*" or "liver intoxication" or "liver poison*" or "liver toxic*" or "abnormal T2 

hyperintensit*").ti,ab. (148467)  

75  61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 (7851538)  

76  3 and 8 and 60 and 75 (1510)  

77  case reports/ (2388500)  

78  Observational Study/ (152822)  

79  ("case report*" or real-world or observational).ti,ab,kf. (885009)  

80  77 or 78 or 79 (2902175)  

81  76 and 80 (44) 

 

Cochrane Central Register of Controlled Trials 

Issue 2 of 12, February 2024 

#1 MeSH descriptor: [Genetic Therapy] explode all trees 358 
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#2 ((DNA NEXT therap*) or (gene* near/2 therap*) or (gene* NEXT transfer*) or 

transgene or (gene NEXT replacement*) or (gene* next edit*) or "gene silencing" or (gene 

NEXT repair*) or (gene NEXT correction*)):ti,ab,kw 18478 

#3 #1 OR #2 18491 

#4 MeSH descriptor: [Infusion Pumps] explode all trees 1637 

#5 MeSH descriptor: [Epidural Space] explode all trees 294 

#6 MeSH descriptor: [Administration, Intravenous] explode all trees 22798 

#7 MeSH descriptor: [Administration, Ophthalmic] explode all trees 180 

#8 MeSH descriptor: [Injections, Intraocular] explode all trees 1494 

#9 MeSH descriptor: [Injections, Intravenous] explode all trees 9025 

#10 MeSH descriptor: [Injections, Spinal] explode all trees 1823 

#11 (Intravenous* or intra-venous* or IV or systemic or infusion* or intramuscular* or 

intra-muscular* or IM or intrathecal* or (intra NEXT thecal*) or (cerebrospinal NEXT 

fluid*) or CSF or intra-CSF or epidural* or spinal* or ophthalmol* or subretinal* or sub-

retinal* or intravitreal* or intra-vitreal* or intraorbital* or intra-orbital* or 

intracerebroventricular* or intra-cerebroventricular* or ICV or (i.c.v. NEXT injection*) or 

ICVI or intracerebral* or intra-cerebral* or IC or intraventricular* or (intra NEXT 

ventricular*) or intraparenchyma* or (intra NEXT parenchyma*) or "intra-cisterna magna" or 

ICM):ti,ab,kw 338369 

#12 #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 338571 

#13 MeSH descriptor: [Rare Diseases] explode all trees 77 

#14 MeSH descriptor: [Orphan Drug Production] explode all trees 19 

#15 MeSH descriptor: [Muscular Atrophy, Spinal] explode all trees 148 

#16 MeSH descriptor: [Myopathies, Structural, Congenital] explode all trees 6 

#17 MeSH descriptor: [Muscular Dystrophies] explode all trees 659 

#18 MeSH descriptor: [Paraplegia] explode all trees 279 

#19 MeSH descriptor: [Gangliosidoses] explode all trees 11 

#20 MeSH descriptor: [Multiple Sclerosis] explode all trees 5178 

#21 MeSH descriptor: [Parkinson Disease] explode all trees 6009 

#22 MeSH descriptor: [Alzheimer Disease] explode all trees 5232 

#23 MeSH descriptor: [Neuronal Ceroid-Lipofuscinoses] explode all trees 11 

#24 MeSH descriptor: [Hereditary Sensory and Motor Neuropathy] explode all trees 119 

#25 MeSH descriptor: [Hemophilia A] explode all trees 641 

#26 MeSH descriptor: [Anemia, Sickle Cell] explode all trees 1061 

#27 MeSH descriptor: [Glycogen Storage Disease Type II] explode all trees 56 

#28 MeSH descriptor: [Canavan Disease] explode all trees 3 

#29 MeSH descriptor: [Fabry Disease] explode all trees 110 

#30 MeSH descriptor: [Mucopolysaccharidoses] explode all trees 106 

#31 MeSH descriptor: [Hyperlipoproteinemia Type II] explode all trees 664 

#32 MeSH descriptor: [Cardiomyopathy, Dilated] explode all trees 669 

#33 MeSH descriptor: [Cystic Fibrosis] explode all trees 2368 

#34 MeSH descriptor: [alpha 1-Antitrypsin Deficiency] explode all trees 120 

#35 MeSH descriptor: [Ciliary Motility Disorders] explode all trees 32 

#36 MeSH descriptor: [Macular Degeneration] explode all trees 3542 

#37 MeSH descriptor: [Leber Congenital Amaurosis] explode all trees 14 

#38 ((rare NEXT disease*) or (orphan NEXT drug*) or (monogenic NEXT disease*) or 

(monogenic NEXT disorder*) or "spinal muscular atrophy" or "spine muscle atrophy" or 

"myotubular myopathy" or "centronuclear myopathy" or "myotonic dystrophy" or 

"curschmann steinert disease" or "deleage disease" or "dystrophic myotonica" or "dystrophic 

myotonia" or "myotonia atrophica" or "myotonia dystrophica" or "myotonic atrophia" or 
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"myotonic atrophy" or "myotonic dystrophia" or "myotonic muscular dystrophy" or 

"myotonic muscular dystrophy" or "proximal myotonic myopathy" or "steinert disease" or 

"steinert myopathy" or "muscular dystrophy" or "muscle dystrophy" or "muscle dystrophia" 

or (neuron* NEXT disease) or MND or "Spastic paraplegia" or "spastic paraparesis" or 

gangliosidosis or "ganglioside lipidosis" or gangliosidoses or "multiple sclerosis" or "chariot 

disease" or "disseminated sclerosis" or "insular sclerosis" or MS or Parkinson* or "paralysis 

agitans" or Alzheimer* or Alzeimer* or "diffuse cortical sclerosis" or Batten* or "juvenile 

neuronal ceroid lipofuscinosis" or "Giant axonal neuropathy" or GAN or GAN-1 or 

"Amyotrophic lateral sclerosis" or ALS or (lou NEXT gehrig*) or Charcot-Marie-Tooth or 

"hereditary motor sensory neuropathy" or charcot-marie or "dejerine sottas" or (spastic 

NEXT para*) or Struempell or strumpel* or SCID-X or Haemophili* or hemophili* or 

"sickle cell" or drepanocyt* or "haemoglobin ss" or "hemoglobin ss" or "sickle anaemia" or 

"sickle anemia" or Pompe or "glycogen storage disease type 2" or "cardiomuscular 

glycogenosis" or "diffuse glycogenosis" or "glycogen storage disease type ii" or 

(glycogenos* NEAR/2 (ii or targeted gene repair)) or Canavan* or (AADC NEXT deficien*) 

or Fabry* or "alpha galactosidase deficiency syndrome" or Mucopolysaccharidos* or 

(familial NEXT hypercholesterol*) or "buerger gruetz" or "burger grutz" or (familial NEXT 

hyperbetalipoprotein*) or (amilial NEXT hypercholester*) or "dilated cardiomyopathy" or 

"congestic cardiomyopathy" or "congestive heart disease" or "congestive myocardiopathy" or 

"cystic fibrosis" or "cystic pancreas fibrosis" or "fibrocystic disease" or "Alpha-1 antitrypsin 

deficiency" or "alpha 1 proteinase inhibitor deficiency" or "alpha1 antitrypsin deficiency" or 

"antitrypsin alpha 1 deficiency" or "ciliary dyskinesia" or "ciliary immotility" or "ciliatry 

motility disorders" or ciliostasis or (macula* NEXT degeneration) or (macula* NEXT 

atrophy) or "macular dystrophy" or LCA or Leber):ti,ab,kw 79421 

#39 MeSH descriptor: [Retinal Dystrophies] explode all trees 164 

#40 MeSH descriptor: [Retinitis Pigmentosa] explode all trees 157 

#41 MeSH descriptor: [Color Vision Defects] explode all trees 50 

#42 MeSH descriptor: [Friedreich Ataxia] explode all trees 98 

#43 MeSH descriptor: [Leukodystrophy, Metachromatic] explode all trees 6 

#44 MeSH descriptor: [Adenylosuccinate Lyase] explode all trees 0 

#45 MeSH descriptor: [Angelman Syndrome] explode all trees 27 

#46 MeSH descriptor: [Leukodystrophy, Globoid Cell] explode all trees 2 

#47 MeSH descriptor: [Rett Syndrome] explode all trees 64 

#48 (LCA* or SMA or DMD or XMTM or LGMD or CMT or PD or MPS or Ho-FH or 

DCM or CF or AATD or PCD):ti,ab,kw 54647 

#49 ((retinal NEXT dystroph*) or "Retinitis Pigmentosa" or RP or (pigment* NEXT 

dystroph*) or "tapeto retinal degeneration" or "tapetoretinal degeneration" or "tapetoretinal 

dystrophy"):ti,ab,kw 3262 

#50 (achromatognosia or achromatopia or achromatopsia or (colour NEXT blind*) or 

(color NEXT blind*) or "color agnosia" or "colour agnosia" or "scoterythrous vision" or 

"duchenne syndrome" or "duchenne type muscular dystrophy" or "duchenne muscular 

dystrophy" or "morbus duchenne" or "pseudo hypertrophic myopathic progressive muscular 

dystrophy"):ti,ab,kw 914 

#51 ("backer muscular dystrophy" or "becker muscular dystrophy" or "dystrophic becker 

disease" or "becker dystrophy" or "becker type muscular dystrophy"):ti,ab,kw 84 

#52 (sarcoglycanopath* or Friedreich* or "hereditary spinal ataxia" or "spinal hereditary 

ataxia" or "spinal heredoataxia"):ti,ab,kw 177 

#53 ("cerebroside sulfatase deficiency syndrome" or "cerebroside sulfate storage disease" 

or "cerebroside sulphate storage disease" or (metachrom* NEXT leucodystrophy) or 
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(metachrom* NEXT leukodystrophy) or "sulfatide lipidosis" or sulfatidosis or "sulphatide 

lipidosis"):ti,ab,kw 9 

#54 ("adenylosuccinate lyase" or adenylosuccinase or "adenylosuccinate amp lyase" or 

"adenylsuccinate lyase" or "e.c. 4.3.2.2" or "succinyladenylate lyase"):ti,ab,kw 1 

#55 ("Angelman syndrome" or "happy puppet syndrome"):ti,ab,kw 42 

#56 ("hereditary progressive spinal muscular atrophy" or "hereditary spinal progressive 

muscular atrophy" or "hoffmann werdnig" or "werdnig hoffman" or ((infantile or "type 1" or 

"type I") near/4 atrophy)):ti,ab,kw 33 

#57 (Dubowitz or (("type 2" or "type II") near/4 atrophy)):ti,ab,kw 78 

#58 (kugelberg* or ((benign or juvenile or "type 3" or "type III") near/4 atrophy)):ti,ab,kw

 74 

#59 ((girdle NEXT dystroph*) or ("limb-girdle muscular" NEXT dystroph*)):ti,ab,kw 41 

#60 ("GM1 gangliosidosis" or "gangliosidosis G(M1)" or "gangliosidosis gm 1" or 

"gangliosidosis GM1" or "gm 1 gangliosidosis"):ti,ab,kw 7 

#61 ("Aromatic l-amino acid decarboxylase" or "3,4 dihydroxy l phenylalanine 

carboxylyase" or "3,4 dihydroxyphenylalanine decarboxylase" or "5 hydroxy levo tryptophan 

carboxylyase" or "5 hydroxytrypthophan decarboxylase" or "5 hydroxytryptophan 

carboxylyase" or "5 hydroxytryptophan decarboxylase" or "5 hydroxytryptophane 

decarboxylase" or ("aromatic amino acid" NEXT decarboxylase*) or ("aromatic aminoacid" 

NEXT decarboxylase*) or "aromatic l amino acid carboxy lyase" or ("aromatic l amino acid" 

NEXT decarboxylase*) or "aromatic l aminoacid decarboxylase" or "aromatic levo 

aminoacid decarboxylase" or "dihydroxyphenylalanine decarboxylase" or "DOPA 

decarboxylase" or "e.c. 4.1.1.28" or "hydroxytryptophan decarboxylase" or "l 3,4 

dihydroxyphenylalanine decarboxylase" or "l dopa decarboxylase" or "l tryptophan 

carboxylyase" or "levo dopa decarboxylase" or "levodopa decarboxylase" or "tryptophan 

decarboxylase"):ti,ab,kw 241 

#62 (krabbe or "beta galactosidase deficiency syndrome" or "galactosylceramidase 

deficiency syndrome" or "galactosylceramide lipidosis" or "globoid cell dystrophy" or 

"globoid cell leucodystrophy" or "globoid cell leukodystrophy" or "mckusick 

24520"):ti,ab,kw 8 

#63 (rett or rett's):ti,ab,kw 121 

#64 #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or 

#25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or 

#38 or #39 or #40 or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or 

#51 or #52 or #53 or #54 or #55 or #56 or #57 or #58 or #59 or #60 or #61 or #62 or #63

 125949 

#65 MeSH descriptor: [Pharmacovigilance] explode all trees 42 

#66 (Pharmacovigilan* or pharmaco-vigilan* or toxicit* or SUSAR or SAE or AR or 

SAR or (adverse NEXT  reaction*) or (adverse NEXT event*) or antibodies or 

immunosuppress* or immunotherap* or "immune management" or immunomodulat* or 

("subclinical immune" NEXT response*) or immunologic* or aminotransaminase* or ((liver 

or hepatic) NEAR/2 (damag* or injur* or inflamm*)) or leukemia or leukaemia or cancer* or 

tumor* or tumour* or humoral or "cellular immunity" or "innate immunity" or 

immunogenicity or "complement activation" or cytokine* or "pre-existing immunity" or 

ADA or cell-mediated or (binding NEXT antibod*) or (induced NEXT response*) or pre-

existing or preexisting or boosted or (capsid NEXT response*) or redosing or (cell-mediated 

NEXT immun*) or "T-cell immunity" or tolerance or tolerization or TNF-alpha or 

prednisolone or eculizumab or "complement activation" or transaminitis or 

hypertransaminasemia or thrombocytopenia or microangiopathy):ti,ab,kw 526912 

#67 MeSH descriptor: [Immunosuppressive Agents] explode all trees 6937 
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#68 MeSH descriptor: [Leukemia] explode all trees 6529 

#69 MeSH descriptor: [Neoplasms] explode all trees 123839 

#70 MeSH descriptor: [Chemical and Drug Induced Liver Injury] explode all trees 474 

#71 MeSH descriptor: [Immunogenetic Phenomena] explode all trees 135 

#72 MeSH descriptor: [Cytokines] explode all trees 27506 

#73 MeSH descriptor: [Prednisolone] explode all trees 5996 

#74 MeSH descriptor: [Thrombocytopenia] explode all trees 1790 

#75 MeSH descriptor: [Ganglia, Spinal] explode all trees 71 

#76 MeSH descriptor: [Anemia, Hemolytic] explode all trees 1840 

#77 MeSH descriptor: [Acute Kidney Injury] explode all trees 2347 

#78 (TMA or "dorsal root ganglion" or "dorsal root spinal ganglion" or "spinal ganglia" or 

"spine ganglion" or DRG or "hemolytic anemia" or "hemolytic anaemia" or "haemolytic 

anemia" or "haemolytic anaemia" or "acute kidney damage" or "acute kidney injury" or 

"acute kidney failure" or "acute renal damage" or "acute renal failure" or ("elevated liver" 

NEXT enzyme*) or ("elevated hepatic" NEXT enzyme*) or hepatotoxic* or (hepato NEXT 

toxic*) or ("liver cell" NEXT toxicit*) or "liver intoxication" or (liver NEXT poison*) or 

(liver NEXT toxic*) or ("abnormal T2" NEXT hyperintensit*)):ti,ab,kw 11367 

#79 #65 or #66 or #67 or #68 or #69 or #70 or #71 or #72 or #73 or #74 or #75 or #76 or 

#77 or #78 560567 

#80 #3 and #12 and #64 and #79 732 

#81 (realworld* OR (real NEXT world*)):ti,ab,kw 8856 

#82 (observational OR (case NEXT report*)):ti,ab,kw 37146 

#83 #81 or #82 44896 

#84 #80 and #83 32 
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