(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

Gene therapy for haemophilia (Review)

Sharma A, Easow Mathew M, Sriganesh V, Reiss UM

Sharma A, Easow Mathew M, Sriganesh V, Reiss UM.

Gene therapy for haemophilia.

Cochrane Database of Systematic Reviews 2016, Issue 12. Art. No.: CD010822.
DOI: 10.1002/14651858.CD010822.pub3.

www.cochranelibrary.com

Gene therapy for haemophilia (Review)
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd. Wl LEY


https://doi.org/10.1002%2F14651858.CD010822.pub3
https://www.cochranelibrary.com

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

TABLE OF CONTENTS

HEADER ettt ettt e e st e st e st e e st e e s abe e e b e e e s b e e s ab e e s b e e e b e e s e b e e e b e e e be e e R e e e b e e e s bt e e Rt e e bt e e bt e e bt e e eateeh e e e heeeaste e st e e steeenteensteens 1
ABSTRACT ettt sttt et e st e st e et s e sae e bt e b e sae e s st e s e e s sesasesae e st easesasesaee s eensesas e st e st eeasesa s e st e s eeasesaeeeat e s e e ase s et e st e seeaseeat e seeresarennee 1
PLAIN LANGUAGE SUMMARY  .eeiiitiieitententeeite st esttesteestestesseestesssessaesseessesssesssessesssesssesssensessesssesseensessesssesseensesssesssenseensesssesssensesnsesssessaes 2
BACKGROUND ..ottt ettt ettt e s et st et e e s bt e saba e st e e s ba e s s e e e baesasee s st e e st e s st e s sae e ste e ste s st eesabe e abe e st aessbeennbeesnbeensseessseenaseennses 3
OBUECTIVES ettt ettt et sttt e e st e st e s bt e b e sas e s st e s b e e s e s et e saeesseeasesasessee s esasesatesaeeseesseensesaeensesasesase st e sesasesntenseensesasesnsensaensesnsesneensennne 4
METHODS ettt ettt et et s bt e st e st e st e s b e e s b e st e s st e s b e esbe s et e satesaeease e st esaaebeenseesseeaaesae e s e eabesaee b e easeeasesss e seeaseentesaseseeseestenssenseensasnee 4

FIGUIE L. oottt ettt ettt et s e b e s b e b s b s b s b e s b e e b s b e e b e e b e e bt e bt e bt e s e e h e e bt e Rt e a e e Rt e Rt e st e a e e st e st e et e Rt e et e et e at et et et et e a b et et et et et et e tetentante 6
RESULTS ettt ettt et st s sttt e et st e sae e s bt s b e s st e sae e s s e sas e s st esse e s esasesatesseeasesaseenteseensesaseene e seeasesaseeate s e easesateeste s aeasesatesneensesasesnsenseensenasesnnes 8
DISCUSSION ettt ettt sttt et e st e ste et e s b e sutesbe e be s st esaeesseesseesbesssesaessesssesssensaenseessesss e seenteessessaeaseenbesusessaensesasesssenseanseensesasessaensesnsens 8
AUTHORS' CONCLUSIONS ettt et et es e e ste st e s vt e st e eaesseesse et e ssaesssaseessesnsesssasseessessseaseanseensesssesssenseensessseaseensesnsesssanseesesnsesssenseensenn 9
ACKNOWLEDGEMENTS  ..eeierteetteteetestestt e e st st et eeesit e s st et e saeesue e sessbesaeessesssteasesaeessasaseensesasessessseensesssesasasesnsesseeaseensesneessesnseensesneensens 9
REFERENGCES ..ttt ettt ettt et et s it e st e et e st e st t e st e st e s st e sua e ba e st e e s ae s st e seenbeesbesae e se e st eesaeasaenseenteeasesseenseensesasesseenseensasasessaensessesssanses 10
APPENDICES .ottt ettt st s bt s bt s et e e s a bt e s ab e s e a b e e s s beesabeesabaesabeesabae e s s e e e s b e e s s e e e b e e e bt e s b e e e bt e e bt e s at e e bt e e bt e e ateeeaeeehee e steesateesaens 13
WHAT'S NEW ettt ettt t ettt et et et et et et et et et et e st et et e st e st emtent e st entente st ansententensantententententententansantensensensensensensansanse 13
CONTRIBUTIONS OF AUTHORS ..ottt ettt ste st e saeestesatesatesbe s be st e ssaebe e s essbessaesbesnsesasesssensasnsesssesseensesnsesssenseensesnsessenseensesnsensens 14
DECLARATIONS OF INTEREST  ..eeeeiiteeiteeiteette ettt ettt s ettt s st e et e st e s st e e it e e s ate s st e e sbeesabeessbeesaseesabesenbaesaseesasaesasaessseesasaesnsaesnsaesassennssesnne 14
SOURCES OF SUPPORT  ..eieiteetenieeitestestestestestesteestesasesstesseessesasesseessesssesasesstensesssesssesneensesasesssenseensesssesstensesnsesssesseensesnsesssesseessesssesssenne 14
INDEX TERMS ettt ettt st s ettt e st e sat et e be st e saeesbe e st e sabesae e b e ease s st e st enbaensesas e ae e b e saseea s e st e beeasesase st e seeasesssenseensesasesssenseensesnsannes 15
Gene therapy for haemophilia (Review) i

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
[Intervention Review]

Gene therapy for haemophilia

Akshay Sharmal, Manu Easow Mathew?, Vasumathi Sriganesh3, Ulrike M Reiss#

1St Jude Children's Research Hospital, Memphis, Tennessee, USA. 2South Asian Cochrane Network & Center, Prof. BV Moses Center for
Evidence-Informed Health Care and Health Policy, Christian Medical College, Vellore, India. 3QMed Knowledge Foundation, Mumbai,
India. 4Hematology Department, St Jude Children's Research Hospital, Memphis, Tennessee, USA

Contact address: Akshay Sharma, St Jude Children's Research Hospital, 262 Danny Thomas Place, MS 260, Memphis, Tennessee, 38105,
USA. mail@akshaysharma.in, akshay.sharma@stjude.org.

Editorial group: Cochrane Cystic Fibrosis and Genetic Disorders Group.
Publication status and date: New search for studies and content updated (no change to conclusions), published in Issue 12, 2016.

Citation: Sharma A, Easow Mathew M, Sriganesh V, Reiss UM. Gene therapy for haemophilia. Cochrane Database of Systematic Reviews
2016, Issue 12. Art. No.: CD010822. DOI: 10.1002/14651858.CD010822.pub3.

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT

Background

Haemophilia is a genetic disorder characterized by spontaneous or provoked, often uncontrolled, bleeding into joints, muscles and other
soft tissues. Current methods of treatment are expensive, challenging and involve regular administration of clotting factors. Gene therapy
has recently been prompted as a curative treatment modality. This is an update of a published Cochrane Review.

Objectives

To evaluate the safety and efficacy of gene therapy for treating people with haemophilia A or B.

Search methods

We searched the Cochrane Cystic Fibrosis & Genetic Disorders Group's Coagulopathies Trials Register, compiled from electronic database
searches and handsearching of journals and conference abstract books. We also searched the reference lists of relevant articles and
reviews.

Date of last search: 18 August 2016.

Selection criteria

Eligible trials include randomised or quasi-randomised clinical trials, including controlled clinical trials comparing gene therapy (with or
without standard treatment) with standard treatment (factor replacement) or other 'curative' treatment such as stem cell transplantation
for individuals with haemophilia A or B of all ages who do not have inhibitors to factor Vill or IX.

Data collection and analysis

No trials of gene therapy for haemophilia were found.

Main results

No trials of gene therapy for haemophilia were identified.

Authors' conclusions

No randomised or quasi-randomised clinical trials of gene therapy for haemophilia were identified. Thus, we are unable to determine the
safety and efficacy of gene therapy for haemophilia. Gene therapy for haemophilia is still in its nascent stages and there is a need for well-
designed clinical trials to assess the long-term feasibility, success and risks of gene therapy for people with haemophilia.
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PLAIN LANGUAGE SUMMARY

Gene therapy for haemophilia

Review question

We reviewed the evidence about the safety and effectiveness of gene therapy for treating people with haemophilia A or haemophilia B.
Background

Haemophilia is a bleeding disorder caused by defective genes that produce abnormal blood clotting proteins. Gene therapy modifies or
replaces these defective genes with normal ones. We looked for trials that used this approach of modifying or replacing defective genes
for producing normal blood clotting proteins for the treatment of haemophilia. This is an update of a published Cochrane Review.

Search date
The evidence is current to: 18 August 2016.
Key results

We found no trials to provide reliable evidence about the risks or benefits of gene therapy for haemophilia. There is a need for trials that
assess the long-term feasibility, success and risks of gene therapy for people with haemophilia.

Gene therapy for haemophilia (Review) 2
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BACKGROUND

Description of the condition

Haemophilia is an X-linked bleeding disorder characterized by
spontaneous or provoked, often uncontrolled, bleeding into joints,
muscles and other soft tissues, causing significant pain, swelling
and permanent damage if left untreated. Haemophilia is caused
by a genetic deficiency of specific proteins in the blood called
clotting factors. Haemophilia A is caused to an inherited deficiency
of factor VIIl and haemophilia B is caused to a deficiency of factor
IX. The incidence of haemophilia A is around 1 per 5000 to 10,000
male births, and about 1 per 60,000 male births for haemophilia B.
Approximately 80% of affected children are born deficient in factor
VIl (haemophilia A) and 20% are deficient in factor IX (haemophilia
B) (Bi 1995; Wong 2011). Haemophilia is inherited in an X-linked
recessive manner. Hence, haemophilia occurs almost exclusively in
males, but can also occur in some carrier females due to variances
in inactivation of X chromosomes.

The goal, when managing these patients, is to control both the
frequency and severity of bleeding episodes and ultimately to
prevent permanent joint damage and death in severe cases.
Replacement of the missing clotting factor from exogenous sources
is the mainstay of therapy in haemophilia. Before World War 11,
treatment of haemophilia was limited to the transfusion of whole
blood or fresh plasma. The first clotting factor concentrate was
discovered in the 1960s in the form of cryoprecipitate. In the late
1960s, plasma-derived clotting factors were isolated which created
a paradigm shift in the management of haemophilia (Brinkhous
1968; Webster 1965). By 1980, the commercially available freeze-
dried factor VIll and IX concentrates increased the average lifespan
of people with haemophilia from a mere 27 years in the 1940s to 60
years (Evatt 2006; Wong 2011). Early factor VIIl and IX concentrates
were derived from pooled human plasma from up to 20,000 donors.

Although hepatitis B and C were known risks of pooled
human serum derived factor concentrates, they were considered
acceptable due to a drastic improvement in the quality of life
of people with haemophilia (Kasper 1972; Makris 1990; Mannucci
1977). In 1982 came the first reports of people with haemophilia
succumbing to acquired immune deficiency syndrome (AIDS) and
only later it was realized that plasma-derived factor concentrates
were responsible for transmission of the still unidentified infectious
agent (Aronstam 1993; Gill 1983; Goedert 1989). Nearly 90% of
Americans with severe haemophilia were reported to be infected
with HIV in the 1980s via contaminated pooled serum products
(NHF 2013). HIVwas isolated in early 1984 and by early 1985 heating
of factor concentrates became standard practice to kill the virus
before transfusion (Wong 2011). Subsequently, several safeguards
were employed to prevent donor derived factor transfusion
induced infections, such as: donor screening; chromatographic
purification; and viral inactivation (Wong 2011). Fortunately, since
1986, there have been no reported cases of HIV transmission
through factor concentrates at least in the USA (NHF 2013).
The human factor IX gene was cloned in 1982, followed by the
production of human rFIX in Chinese hamster ovary cells (Anson
1984; Choo 1982). Factor VIl was cloned and sequenced in 1984
(Gitschier 1984; Toole 1984) and the first recombinant factor Vill
(rFVIN) product was approved for clinical use in 1992 (Wong 2011).

The initial treatment modality was episodic or 'on demand'
replacement of the missing factor as needed, after the

onset of bleeding. However, several studies have shown that
prophylactic administration of clotting factor concentrates to
prevent bleeding episodes preemptively is more beneficial than
episodic administration (lorio 2011; Manco-Johnson 2007) The
goal of clotting replacement is to keep factor activity greater
than 1%. The currently used adjuvant therapies include the
use of antifibrinolytic agents (in both haemophilia A and B)
and desmopressin (in mild and moderate haemophilia A only).
The antifibrinolytic agents such as e-aminocaproic acid and
tranexamic acid exert their effect by inhibiting the proteolytic
activity of plasmin and, therefore, inhibiting fibrinolysis (Wong
2011). Desmopressin works mainly by releasing von Willebrand's
factor from its storage sites and stabilizing the already present
factor VIl in the plasma (Castaman 2008; Leissinger 2001).

Description of the intervention

It was first shown in 1989 that human factor IX could be synthesized
and secreted into the circulation of laboratory animals after
transplantation of genetically modified human fibroblasts using
a human factor IX cDNA containing retrovirus (Nathwani 2004;
Palmer 1989). Since then, several translational approaches have
been developed for the clinical application of gene therapy
in haemophilia, but most of these only resulted in transient
benefits (Manno 2003; Manno 2006; Powell 2003; Roth 2001;
VandenDriessche 1999; Xu 2003). Finally, in 2011, a new adeno-
associated virus (AAV) vector for factor IX gene transduction that
could directly be given to an adult by a peripheral vein infusion
was developed (Nathwani 2006; Nathwani 2011; Tuddenham 2012;
Nathwani 2014).

Gene therapy is not without risk. The introduction of new genetic
material via vector viruses may cause unpredictable outcomes
due to the alteration of the host genetic material (insertional
mutagenesis) (Hacein-Bey-Abina 2003; Miller 2005; Nakai 2005).
There is a theoretical risk that the viral vector may regain its
potential to produce new viral particles, or may cause harmful
immune reactions (High 2011; Manno 2003; Mingozzi 2011). Also
of concern is the development of neutralizing antibodies to factor
VIIl or IX after gene therapy and it may render the gene product
futile in such patients. Lastly, T-cell mediated immune response
by the immunocompetent host against the transgene, its product
proteins, or the viral capsid which may be expressed on the
host cells, can be potentially harmful for the recipients of the
gene therapy (Nathwani 2011; Nathwani 2014). All these potential
adverse effects, as well as the long-term safety of gene therapy are
yet to be evaluated in a large cohort.

How the intervention might work

The currently available standard treatment for haemophilia is
lifelong clotting factor replacement, a regimen that is both
expensive and is not easily available in several countries (lorio 2011,
Ponder 2008). Worldwide, about 75% of haemophilia patients do
not have access to adequate care (Ponder 2008; WFH 2013). Due to
the short half-life of the clotting factors in the blood, replacement
is required usually every other day for haemophilia A and every
two to three days for haemophilia B. The frequency and mode of
administration (intravenous (IV)) of these treatments poses a wide
range of challenges to people affected with haemophilia and their
families (need for IV catheters and related complications such as
infections and thrombosis) (Santagostino 2010).

Gene therapy for haemophilia (Review)
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At USD 1 per unit of recombinant factor VIII, the annual cost of
on-demand factor replacement therapy for a single 50 kg adult
patient of haemophilia is USD 150,000 in the United States of
America (Manco-Johnson 2007; Ponder 2011). This cost increases
to about USD 300,000 for prophylactic therapy. This amounts to an
individual lifetime cost of over USD 20 million in factor replacement
costs alone (Ponder 2011). Such an exorbitant therapy is neither
available frequently, nor affordable to almost 75% of the people
with haemophilia in the world who live in low- and middle-income
countries (Ponder 2008; Ponder2011; WFH 2013). These individuals
continue to have significant morbidities and die young.

In comparison to the above treatment modalities, gene therapy
holds substantial promise. The key advantage being that
potentially a one time intervention can be permanently curative.
This intervention will lead to complete avoidance of the need for
IV infusions, reduced hospital visits, a decrease in the use of other
interventions and their side effects and ultimately reduced costs
(Nathwani 2011; Nathwani 2014). The commercial cost of gene
therapy using the viral vector is projected at USD 30,000 per patient
(Ponder 2011). Such a therapy would be life changing for people
with haemophilia.

Why it is important to do this review

Gene therapy holds significant promise of a substantially better
treatment modality. Apart from that, gene therapy offers the
potential of a lifetime cure, a better quality of life and freedom
from various related morbidities. Theoretically, once gene therapy
is administered, the affected individual will be asymptomatic with
respect to haemophilia. There are still doubts with regards to
long-term sustenance of the effects, unintended consequences or
adverse effects and the costs of therapy. We aim to conduct this
review in the hopes of answering some of the above questions,
specifically in terms of the benefits and safety of gene therapy
in comparison to standard treatment in people affected with
haemophilia. At this stage, when only phase 1 and 2 studies have
been performed on this subject, this review is aimed at being a
comprehensive resource about the available best evidence and
status of ongoing and future research and trials. This is an update
of a previously published Cochrane Review (Sharma 2014).

OBJECTIVES

To evaluate the safety and efficacy of gene therapy in the treatment
of people affected with haemophilia A or haemophilia B.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised or quasi-randomised clinical trials

controlled clinical trials.

including

Types of participants

Individuals with haemophilia A or B of all ages who do not have
inhibitors to factor VIl or IX.

Types of interventions

Gene therapy (with or without standard treatment) compared
with the current standard treatment (regular or long-acting factor

replacement given on an on-demand schedule or prophylactically)
or other 'curative' treatment such as stem cell transplantation.

Types of outcome measures
Primary outcomes

1. Bleeding episode(s) (bleeding frequency, number of bleeding
episodes per year, or as reported in the trial)

2. Factor VIIl or IX supplementation requirement (frequency as
reported in the trials)

3. Serious adverse events (resulting in death or life
threatening complications, inpatient hospitalisation, significant
or permanent disability, or one that requires additional
intervention to prevent permanent damage or disability)

a. Evidence of clotting factor antibody development

b. Evidence of organ toxicity
c. Evidence of tumour development

Secondary outcomes

1. Measures of haemostasis
a. Clotting factor plasma levels

b. Activated partial thromboplastin time (aPPT)
c. International normalised ratio (INR)
d. Prothrombin time (PT)

2. Non-serious adverse events (any adverse event other than those
mentioned above)

3. Joint damage (changes in: clinical joint function; orthopedic
joint score; or radiologic joint score)

4. Quality of life (as measured by standardised instruments)

Search methods for identification of studies
Electronic searches

We searched the Cystic Fibrosis & Genetic Disorders Group's
Coagulopathies Trials Register using the terms: gene therapy AND
haemophilia™.

The Coagulopathies Trials Register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials
(CENTRAL) (updated each new issue of the Cochrane Library)
and weekly searches of MEDLINE and the prospective hand
searching of a journal - Haemophilia. Unpublished work is
identified by searching the abstract books of major conferences:
the European Haematology Association (EHA) conference; the
American Society of Hematology (ASH) conference; the British
Society for Haematology Annual Scientific Meeting; the Congress
of the World Federation of Hemophilia; the European Association
for Haemophilia and Allied Disorders, the American Society of
Gene and Cell Therapy (ASGCT) and the International Society
on Thrombosis and Haemostasis. For full details of all searching
activities for the register, please see the relevant section of the
Cystic Fibrosis and Genetic Disorders Group Module.

Additionally, we directly searched PubMed, Embase and CENTRAL
using a search strategy as described in appendices (Appendix 1;
Appendix 2; Appendix 3).

We considered including trials irrespective of publication status,
publication date or language.

Gene therapy for haemophilia (Review)
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Date of the most recent search of the Cystic Fibrosis and Genetic
Disorders Group's Coagulopathies Trials Register: 18 August 2016.

Date of the most recent search of PubMed, Embase, CENTRAL and
any other resources as listed below: 02 December 2016.

Searching other resources

We searched the reference lists and contact authors of included
trials, to identify any additional, potentially relevant trials for
inclusion. We searched available clinical trial registers or meta
registers for any ongoing trials, specifically in the following registers
using the search term 'haemophilia' or 'hemophilia'.

« The WHO clinical trials register ICTRP (http://www.who.int/
ictrp/en/)

« ClinicalTrials.gov (http://www.clinicaltrials.gov/)

« Current Controlled Trials (http://controlled-trials.com/)

Data collection and analysis

Two authors (VS and AS) undertook searches for eligible studies
(see Figure 1). We were unable to identify any randomised
controlled trials eligible for inclusion in this review. As a result, we
were unable to perform the selection process and data analyses as
planned. In the future, if we identify any trials and include them in
the review, we will adhere to the methods described in detail below
in the remainder of this section.

Gene therapy for haemophilia (Review)
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Figure 1. PRISMA flow diagram showing process of study selection.
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Selection of studies

Search results from all sources will be put together in a reference
manager software and duplicates will be excluded. Two review
authors (AS and MEM) will then independently screen the search
results using titles and abstracts to exclude irrelevant trials. We
shall classify the remaining trials into included, excluded and those
awaiting classification, using the predefined criteria for selecting

trials. For those trials awaiting classification, we will evaluate
the report(s) and then make the judgment regarding inclusion
or exclusion. If we are not able to make a judgment from the
report(s), we shall attempt to contact the trial authors and make the
classification once we have obtained sufficient information. We will
resolve any disagreements by a consensus meeting with the third
author (VS). We shall clearly document the reasons for exclusion.
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We will also scrutinise each trial report to ensure that multiple
publications from the same trial are included only once and all such
reports will be linked to the original trial report in the reference list
of included trials.

Data extraction and management

Two review authors (AS and MEM) will independently extract the
data from the trials considered for inclusion using a structured data
extraction form. We will resolve any disagreements by discussion
and, in any cases where there are persisting disagreements; we will
seek arbitration by another author (UR).

We will extract the following data.

1. General information: title; authors; source; country; year of
publication; setting.

2. Trials characteristics: design; method of randomisation;
allocation concealment; blinding of outcome assessors.

3. Patients: inclusion and exclusion criteria; underlying disease;
sample size; baseline characteristics of patients; losses to follow
up.

4. Interventions: type of vector; dose.

5. Additional treatment: immunosuppressive therapy.

6. Outcomes: as mentioned above (primary and secondary
outcomes).

If the full text versions do not provide sufficient information, we will
contact the corresponding author for further details.

Assessment of risk of bias in included studies

Two review authors (AS and MEM) will independently assess the
risk of bias of the included trials on the basis of generation of
the randomisation sequence, allocation concealment, blinding (of
the participants, personnel and outcome assessors), attrition bias,
and selective outcome reporting. We will assign judgments on the
above domains of risk of bias into high, low and unclear, based
on table 8.5d of the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011a). We aim to resolve any disagreements
by referring to the trial report and, if necessary, through arbitration
with two other authors (VS and UR).

Measures of treatment effect

Different types of data will be analysed as below.

Rate data

When an outcome is measured in terms of rates we shall perform
the analysis using rate ratios (RR) with their 95% confidence
intervals (95% ClI).

Continuous data

When outcome data are continuous, we shall extract means and
standard deviations (SD). If the outcomes are reported using
different continuous scales we shall use the standardized mean
difference (SMD) and their associated 95% Cls to perform the
analysis.

Dichotomous data

We shall extract the number of events and the total number of
people reporting outcomes and analyse them using risk ratios (RR)
and their associated 95% Cl.

Unit of analysis issues
Trials with multiple treatment groups

In cases of trials with multiple treatment groups we shall ensure
that a participant group is not represented more than once in the
same analysis. We shall either combine groups to make pair wise
comparisons if possible, or exclude groups by making a decision on
which group is most clinically relevant and extract the data only for
that group.

Cluster-randomised trials

We do not expect to find cluster-randomised trials for this
intervention. However, if we do find such trials which report data
adjusted for design effect, we shall use the information as such.
If the effect estimates are not adjusted, we shall extract the intra
cluster correlation coefficient (ICC), if provided in the trial report, or
contact the authors for the same and adjust the effect estimate for
the design effect.

Cross-over trials

We do not expect to find cross-over trials as successful gene therapy
isirreversible.

Dealing with missing data

We will contact the primary investigators ifinformation is missing or
if there are unclear outcome data, summary data orindividual data.
We shall extract data for the number of people randomised and the
number analysed for each outcome. If there is a difference, we shall
calculate the percentage change and report it as loss to follow up.

For missing data for dichotomous outcomes, we will perform a per
protocol analysis on the data.

For outcomes with continuous data that are missing SDs, we will
either calculate these from other available data such as standard
errors (SE), or will impute them, if possible. We shallimpute SDs on
the basis of SDs for the same outcome using the same scale, from
within our review or from other similar studies, reviews or meta-
analyses (Higgins 2011b).

Assessment of heterogeneity

We shall visually examine a forest plots for overlapping confidence
intervals and use the Chi2 test for homogeneity and the 12 test
for heterogeneity, to estimate the contribution of true inter trial
variability. The Chi2 statistic will be considered to represent
significant heterogeneity at a level of 10% significance (P value <
0.1). We will use an |12 statistic value of less than 40% to represent
mild heterogeneity that can be ignored; 30% to 60% to represent
moderate and 50% to 90% significant heterogeneity, the reasons for
which we shall try to explore by subgroups. We shall consider an 12
value of 75% or greater as substantial heterogeneity, in which case
we shall not perform meta-analysis.

Assessment of reporting biases

We shall assess for publication bias using funnel plots (provided
thatthere are at least 10 included trials in an analysis). When funnel
plots show asymmetry, we shall consider publication bias as a
possible reason (Sterne 2011).

Gene therapy for haemophilia (Review)
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Data synthesis

We shall attempt to pool results only when there is no
clinical heterogeneity and when there is no substantial statistical
heterogeneity (12 < 75%). When heterogeneity is present we shall
analyse it using the random-effects model. If we have studies
reporting effect estimates without summary data for each group,
we shall attempt to pool the effect estimates using generic inverse
variance method. We shall attempt to pool data of outcomes
reported at the same point of follow up across trials. If this is not
possible we shall pool trial data at one, two and five years.

If meta-analysis is not possible, we shall perform a descriptive,
qualitative critical appraisal of the outcome information from the
included trials.

Subgroup analysis and investigation of heterogeneity

In case we observe moderate or substantial heterogeneity in any of
the analyses, we plan to explore the possible causes by undertaking
the following subgroup analyses:

1. age (previously treated paediatric patients, previously
untreated paediatric patients and adult patients, paediatric
patients will be defined as those less than 18 years of age);

2. type of haemophilia (haemophilia A, haemophilia B);
3. gene therapy technique (ex vivo or in vivo transduction);

4. vector used (different types of vectors used, e.g. AAVS8 viral
vector),

5. hepatitis C status (positive, negative).

We would like to compare, if possible, all outcomes following gene
therapy in younger versus older individuals. This is because older
individuals undergoing gene therapy may already have significant
co-morbidities from ongoing disease process. Method and site of
cellular transduction can also vary the adverse event profile and
if there are adequate numbers of trials available then we will
do a subgroup analysis comparing the different methods. If one
particular approach seems to have more adverse effects than the
other then we will conduct the meta-analysis both with and without
the given approach and report the result separately.

Sensitivity analysis

We will perform sensitivity analyses to assess the robustness
of the review’s results by repeating the analysis after excluding
studies with clearly a high risk of bias (e.g. inadequate allocation
of concealment, randomisation, or blinding, or high attrition or
missing data), provided there are sufficient numbers of studies to
include.

RESULTS

Description of studies

No trials were found that were eligible for inclusion in this review.

Results of the search

The search strategies used as described in the appendices below
yielded a total of 731 unique records. Records were screened by
their title, or if unclear, by the abstract, to identify if they matched
the inclusion criteria. None of the records matched the inclusion
criteria for this review and hence were not included.

Risk of bias in included studies

No trials were eligible for inclusion in the review.

Effects of interventions

No trials were eligible for inclusion in the review.
DISCUSSION

Gene therapy involves making a change in the genetic material
of certain target cells in the patient's body by means of a vector
(usually viruses) or gene editing in such a way that the changed
genetic material is functional and produces an adequate end
product which corrects the underlying defect of the disease. In
haemophilia, recombinant genetic material is introduced into the
target cells or defective genes are modified to produce clotting
factors deficient in the disease. The comprehensive search used in
this review identified no eligible trials, and hence at this point there
is no robust evidence to support or refute the effectiveness and
safety of gene therapy for people with haemophilia.

Although no randomised controlled trials were found that are
eligible for inclusion in this review which compared gene therapy
to factor replacement head-to-head, there are several phase
1 and 2 studies evaluating various factor IX gene therapy
products underway (NCT01687608; NCT01620801; NCT00979238;
NCT02484092; NCT02396342; NCT02618915). These studies are
currently enrolling or have enrolled and are following individuals
with haemophilia B, studying the safety or efficacy of various viral
vector-transgene constructs for the replacement of the defective
factor IX gene. All these studies have used adeno-associated
virus (AAV) serotypes for transfection of the gene product in the
human body. Depending upon the transgene delivered by the
vector in these studies, factor IX levels ranging from 2% to greater
than 50% have been reported in the study participants (George
2016). An increase in factor IX level more than 50% is certainly
enough to alleviate the symptoms of haemophilia, an increase
of mere 2% also does improve the phenotype and reduces the
requirement of factor replacement. Although AAV is not known to
cause disease in humans, the group from University College of
London and St. Jude Children’s Research Hospital has reported that
at least four out of six participants of the trial who received the
higher dose of the viral vector, had a transient increase in their
markers of liver inflammation (Nathwani 2011; Nathwani 2014;
NCT00979238).Similar transient elevation of liver enzymes, which
resolved with prophylactic steroid therapy was also reported in
another study using a different serotype of AAV (NCT02396342;
Miesbach 2016). Recently a phase 1 study (NCT02695160) that
utilizes a novel gene editing technique using zinc finger nucleases
has also started recruiting participants. If successful, this technique
will be a promising alternative to the approach of introducing a
transgene to cure haemophilia, as discussed above.

A single phase 1/2 clinical trial studying the efficacy and safety
of escalating doses of BMN270, an AAV gene therapy product
for haemophilia A recently concluded enrolling participants
(NCT02576795). In their preliminary results, the investigators
reported up to more than 150% factor VIII activity correction with a
single infusion of the viral vector (Pas 2016). This is the first report
of a successful gene therapy product for haemophilia Ain humans.

Despite this initial success of these techniques long-term safety
of these methods is yet to be ascertained. As a new paradigm
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in the treatment of haemophilia, gene therapy will first need to
undergo long-term follow-up studies to demonstrate sustained
efficacy and affordability. Long-term safety of the gene therapy
vectors in terms of insertional mutagenesis or host immune
response and tolerance, will have to be demonstrated before
gene therapy becomes widely used. Availability of newer factor
concentrates, with much longer half-lives, requiring less frequent
infusions as compared to the existing factor concentrates, are
changing the standard of patient care already (Carcao 2014; Konkle
2015; Young 2015; Powell 2013; Santagostino 2016). New drugs
have been developed which have shown promise in the treatment
of cystic fibrosis and Duchenne and Becker muscular dystrophy
by preventing premature termination of gene translation due
to nonsense mutations (which produce premature stop codons)
(NCT00803205; NCT00847379). Similar drugs may be used for
treating haemophilia caused by nonsense mutations in the future
(NCT00947193). These new therapies, in conjunction with other
advances in the field of haemophilia, may obviate the need for
gene therapy. Conversely, gene therapy may prove to be a safe,
affordable, convenient and sustainable treatment for patients with
haemophilia. Future studies will hopefully form the basis for an
objective assessment of the benefits versus the risks of gene
therapy over the current standard of care in haemophilia.

Currently, there is no information contained within any of the
databases we searched on gene therapy for haemophilia, so no
objective discussion on the risks, benefits or otherwise can be
made.

AUTHORS' CONCLUSIONS

Implications for practice

No randomised controlled trials of gene therapy for haemophilia
were found for inclusion in this review. A few first-in-human studies

of gene therapy in haemophilia have been conducted with limited
short-term success; however, long-term safety and efficacy data are
lacking. It is yet to be known whether one-time infusion of these
viralvectors is successfulin 'curing' this disease or several infusions
over a period of time are needed to control the symptoms. Further,
the safety and economic burden of this technique vis-a-vis current
standard of care will only be known once the previous questions
are answered. We are currently unable to draw any conclusions
regarding the effects of gene therapy for haemophilia.

Implications for research

This systematic review has identified the need for further well-
designed and long-term clinical trials to assess the feasibility,
benefits and risks of gene therapy for haemophilia. The primary
outcome for these trials would be reduction in symptoms or factor
infusion requirement for the haemophilia patients. Also, because of
the potential side effects of using viruses as vectors in gene therapy,
long-term follow up studies of existing vectors and further progress
in new non-viral vector development is necessary. Hence, this
review identifies areas of research involving safety, efficacy, long-
term follow up and economic burden of gene therapy compared to
current standard of care.
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APPENDICES

Appendix 1. PubMed search strategy

#1 randomized controlled trial [pt]

#2 controlled clinical trial [pt]

#3 randomized [tiab]

#4 placebo [tiab]

#5 drug therapy [sh]

#6 randomly [tiab]

#7 trial [tiab]

#8 groups [tiab]

#9#1 OR#2 OR#3 OR #4 OR #5 OR #6 OR #7 OR #8
#10 animals [mh] NOT humans [mh]

#11 #9 NOT #10

#12 (gene or genetic) and (therapy or therapies) and (hemophilia* or haemophilia*)
#13 #11 AND #12

Note: Lines #1-#11 are the Cochrane Highly Sensitive Search Strategy for identifying randomised trials in MEDLINE: sensitivity- and
precision-maximizing version (2008 revision); PubMed format.

PubMed searched via NCBI PubMed web site http://www.ncbi.nlm.nih.gov/pubmed/

Appendix 2. Embase search strategy

#1 [animals]/lim NOT [humans]/lim

#2 'randomized controlled trial'/de OR 'controlled clinical trial'/de OR 'controlled study'/de OR randomized:ab,ti OR placebo:ab,ti OR
randomly:ab,ti OR trial:ab,ti OR groups:ab.ti

#3 #2 NOT #1

#4 'gene therapy'/exp OR (gene:ab,ti OR genetic:ab,ti AND (therapy:ab,ti OR therapies:ab,ti OR 'drug therapy'/exp OR 'diseases'/exp/
dm_dt,dm_dr)) AND (hemophilia*:ab,ti OR haemophilia*:ab,ti OR 'hemophilia'/exp)

#5 #3 AND #4

Note: EMBASE was searched via EMBASE/Elsevier including records from 1974- present.

Appendix 3. CENTRAL search strategy

(gene or genetic) and (therapy or therapies) and (hemophilia* or haemophilia*)
Note: CENTRAL (Issue 3 of 12, March 2014) searched via the Cochrane Library (http://crso.cochrane.org/)

WHAT'S NEW

Date Event Description

16 December 2016 New citation required but conclusions Minor changes have been made throughout this update.
have not changed
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Date Event Description

16 December 2016 New search has been performed A new search of the Cochrane Cystic Fibrosis and Genetic Disor-
ders Group's Haemoglobinopathies Trials Register did not identi-
fy any potentially relevant trials for inclusion in this update.

CONTRIBUTIONS OF AUTHORS

Roles and responsibilities

Task Who will undertake this
task?

Protocol stage: draft the protocol AS, MEM

Review stage: select which trials to include (2 + 1) AS, MEM, VS

Review stage: extract data from trials (2 + 1) AS, MEM, UR

Review stage: enter data into RevMan AS

Review stage: carry out the analysis AS, MEM

Review stage: interpret the analysis AS, MEM, UR

Review stage: draft the final review AS, UR

Update stage: update the review AS, MEM, VS, UR
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