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1. Summary of the impact

More than 5000 people each year are diagnosed with one of the rare chronic disorders called
primary immunodeficiencies (PID). These individuals have little or no functioning immune system
and are at constant risk of life-threatening infection. In severe cases, babies do not survive
beyond a year old. UCL investigators have pioneered new gene therapies that allow affected
individuals to lead long and healthy lives without further treatment. They created a biotech
company Orchard Therapeutics (valued at USD1,200,000,000 at time of NASDAQ listing and
employing approximately 250 FTE) to further develop the gene therapy. They have also
produced the clinical evidence necessary to ensure adults as well as children can access life-
saving allogeneic haematopoietic stem cell transplantation (Allo-HSCT) and gene therapy,
resulting in a new NHS England commissioning policy.

2. Underpinning research

Research at UCL has led to the first haematopoietic stem cell (HSC) gene therapy for severe
primary immunodeficiencies (PID). PID are a group of rare inherited diseases, characterized by
severe dysfunction of adaptive and/or innate immunity that affect more than 5000 people in the
UK. Up to six million people worldwide could be living with a PID, but at present only
approximately 2% have been diagnosed. Patients with severe PID present with serious or life-
threatening infections, autoimmunity, inflammation and complications related to immune
dysregulation such as malignancy. Over 430 genetic forms of PID exist, with approximately 20
specific diseases accounting for 90% of cases. Infants with some forms of severe PID do not
survive beyond a year without treatment. Where a compatible donor can be identified,
transplantation of haematopoietic stem cells (Allo-HSCT) is the standard of care, but this
requires a lengthy hospital stay with chemotherapy to remove the patient’s existing bone-marrow
cells, in preparation for transplantation.

Development of Gene Therapy for PID

Researchers at UCL Great Ormond Street Institute of Child Health (UCL GOS ICH) were
amongst the first to identify genes responsible for several primary immunodeficiencies, opening
up opportunities to develop new and improved treatments for these life-threatening diseases.
One approach, developed at UCL, is to insert a functional copy of the defective gene into the
patient's own HSCs thus correcting the disease and preventing complications associated with
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using donor immune cells. The team developed viral vectors that could efficiently introduce the
gene into HSCs, which led to seminal clinical trials for two of the most common PIDs - X-linked
severe combined immunodeficiency (SCID X1) and ADA deficient SCID (R1, R2). These trials
were amongst the first to demonstrate that gene therapy could correct a genetic disease.
Following the realisation that some viral vectors were able to activate oncogenes and cause
leukaemia (R3), researchers at UCL collaborated with others to engineer and design new, safer
vectors that could efficiently transfer the functional gene to the HSCs without activating cancer-
causing oncogenes. Subsequently, Thrasher and Gaspar tested the vectors in a series of clinical
trials in X-linked SCID (R4), Wiskott-Aldrich Syndrome (WAS) (R5) and X-linked chronic
granulomatous disease (CGD) demonstrating effective long term immune reconstitution and high
levels of safety.

Allo-HSCT transplantation and gene therapy for PID in adults

Morris and colleagues at UCL designed and carried out a study of 29 adult patients with PID
who underwent Allo-HSCT. The study described the largest series of transplanted adult PID
patients in the world at that time and demonstrated 85% survival rates at three years post-
transplant, suggesting that all adults with an appropriately matched donor should be considered
for these potentially curative transplants (R6). This development built on UCL'’s experience in
pioneering reduced intensity conditioning chemotherapy for Allo-HSCT. The conditioning
chemotherapy is given prior to infusion of donor HSCs and is required to remove the patient’s
own abnormal HSCs prior to transplant. The standard conditioning chemotherapy is poorly
tolerated in sicker and/or older patients, but the UCL team developed reduced intensity
conditioning that was well tolerated in adult patients.

The study demonstrated outstanding outcomes following Allo-HSCT for adults with complex PID
and high co-morbidities going into transplant, with more than 80% patients able to come off
immunoglobulin replacement therapy or ongoing immune suppression at a median of 3 years
post-transplant. There were no cases of early or late graft rejection. Patients can resolve
infections and have good functional immune reconstitution (R6). In addition to developing Allo-
HSCT for adult PID patients, the team has also, for the first time, demonstrated that adults with
monogenic PID such as WAS can also benefit from gene therapy (R7).
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4. Details of the impact

Without treatment, infants with the most severe forms of PID — SCID-X1 and ADA SCID --
usually die from infections within the first year of life. Life expectancy can be improved
dramatically if the child receives a haematopoietic stem cell transplant (Allo-HSCT) from the
bone marrow of a compatible donor. However, Allo-HSCT requires pre-treatment with
chemotherapy to remove the patient’s own bone marrow cells, a procedure which is associated
with long term side-effects such as impaired growth, compromised fertility, secondary
malignancy and hearing loss. Another major complication of Allo-HSCT is the development of
graft-versus host disease (GVHD), which occurs when the new immune system (derived from
donor HSCs) inadvertently recognises recipient (patient) cells as ‘foreign’ triggering immune-
mediated tissue damage, which can be fatal.

Effective gene-therapy treatments developed at UCL (R1, R4) have transformed the lives of
more than 60 patients with these rare genetic conditions, in the UK alone. The treatments result
in a reconstituted immune system, allowing patients to successfully fight infections, which
previously would have been life-threatening. Correcting the patient’'s own immune system
removes the risk of GVHD, and also prevents the development of autoimmunity and cancers.
The treatments are saving the NHS millions of pounds, particularly for patients with ADA-SCID.
They have also resulted in a spin-out company, Orchard Therapeutics, which employs over 250
people in the UK and US, and has a current value of GBP950,000,000. UCL-led clinical studies
have also driven changes in NHS clinical commissioning that now give adult patients with PID
(as well as children) equal access to effective stem cell therapies and gene therapy treatments.

Curative treatments for patients with PIDs

More than 90% of patients treated with gene therapy for PIDs developed by UCL researchers,
remain well and no longer require prophylactic therapy. They respond normally to infections and
vaccines and can expect to live a relatively normal life. One parent whose child underwent gene
therapy said: “Transplant has made a huge difference to Josh’s life and to our family life, he is a
healthy boy and can do everything a healthy child can do without fear of getting an infection and
being admitted to hospital whereas before transplant we were limited to where we could go,
avoiding crowds etc” (S1).
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More than 65 patients with ADA SCID have been treated to date and 94% are making effective
immune responses. The cost of enzyme replacement for ADA-SCID is estimated at GBP350,000
per year minimum cost for the life-time of a patient (S2). A significant number of patients no
longer require enzyme replacement treatment following gene therapy and this equates to a total
cost saving to the NHS of more than GBP10,000,000 to date.

Gene therapy spin-out company — Orchard Therapeutics

The strong clinical data for PID gene therapy and pre-clinical developments in other diseases
generated by Thrasher, Gaspar and colleagues at UCL have led to multiple commercial
opportunities for both licensing and spin-out. With a USD35,000,000 investment from FPRIME, a
venture capital firm, and the UCLTech Fund, Orchard Therapeutics was established in 2015. It
has since secured series B funding of USD110,000,000 (Dec 2017) and series C funding of
USD150,000,000 (July 2018) from a wide consortium of specialist healthcare investors. On 31
October 2018, Orchard listed on the Nasdaq exchange raising almost USD225,000,000 and a
follow on offering in June 2019 secured a further USD130,000,000. In a ‘Spot light on Spinouts’
report published by RAEng, Orchard “took the record for largest known exit” coming top in the
UK for Initial Public Offering (IPO) and was valued at exit at GBP950,000,000 (S3). The
company has headquarters and laboratories in London, UK with 150 staff. It also has an office in
Boston US (approximately 50 staff) and offices elsewhere in the US and EU (with a further 50
staff) (S4).

Improving access to gene therapy treatments for PIDs

The ADA SCID programme and other pre-clinical developments in PID therapies made at UCL
have been in-licenced by Orchard Therapeutics, with Gaspar as CEO. The company has also
supported development of cryopreserved gene therapy products, which will ultimately allow
patients to remain at their local treating centre while cells are shipped to central manufacturing
sites for the transduction procedure. This will make the treatment accessible to people living
anywhere in the world. To prepare for a commercial product, Orchard is producing a suitable
vector with Oxford Biomedica and is performing cell transduction at a commercial manufacturing
facility. In April 2018, Orchard secured the rights from GSK to four other HSC gene therapy
programmes for other PID (S3). In 2020, Orchard is taking forward one approved treatment and
six clinical programmes, which have already treated over 170 patients with a combined dataset
of over 750 patient years. The gene therapy programme for metachromatic leukodystrophy
(MLD) received a positive opinion from the EMA Committee for Medicinal Products for Human
Use (CMHP) and received full marketing authorization in the EU for eligible patients in October
2020 (S5).

National commissioning policy to ensure equal access to Allo-HSCT and gene therapy for
adult PID patients

Many patients with less severe PID remain undiagnosed into early adulthood and present in
various specialist clinics with symptoms that can range from lung scarring to inflammatory bowel
disease. With the advent of rapid whole genome sequencing, their underlying PIDs can now be
identified and treated. However, until January 2018, adult patients with PID did not have access
to NHS funding for Allo-HSCT and in many cases could not access the potentially curative
therapy. Morris’ research demonstrating the effectiveness of Allo-HSCT in adult patients with
PID has paved the way for equal access to Allo-HSCT for patients regardless of age. She was
the National Clinical Lead working with NHS England (NHSE) to develop and gain approval for
the new Clinical Commissioning Policy that was published in July 2019 (S6). An NHS financial
impact assessment confirmed that Allo-HSCT provided a cost saving to the NHS compared to
continued conservative management of adult patients with complex/severe PID. The team at
UCL has now transplanted 56 adolescents and adults with PID (with 13 awaiting admission), the
largest number of any global centre. It receives at least 2 new referrals per month.

Morris also co-chairs the National Adult PID Bone Marrow Transplant Multidisciplinary Team
Meeting, which NHSE requires to meet fortnightly to discuss all adult PID patients being
considered for Allo-HSCT. The NHSE commissioning policy on treatments for adult PIDs was
also the first to include a Current Lived Experience/Patient Impact Report for the Clinical
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Priorities Advisory Group, which demonstrates the significant impact the change of policy has on
patients and their families.

One transplant recipient said: "My bone marrow transplant (BMT) has been life changing as | am
now pain free, | can eat what | like, | have put on weight and only have to take one medication
each day. The first couple of years following BMT | was making up for lost time and enjoying life
and all the things | was unable to do when | had Chronic Granulomatous Disease. For the first
time in my life | can make plans for the future, as now | have one” (S1).

5. Sources to corroborate the impact
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Effectiveness/Cost-Benefit Analysis of Newborn Screening for Severe Combined Immune
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S3 Spotlight on Spinouts. UK Academic Spinout Trends. Royal Academy of Engineering. Jan
2021: https://www.beauhurst.com/wp-content/uploads/2021/01/Spotlight-on-Spinouts.
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release/2020/10/16/2109748/0/en/Orchard-Therapeutics-Receives-Positive-CHMP-Opinion-for-
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