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Advanced therapy medicinal products: a comprehensive overview
for pharmacy professionals

After reading this article, you should be able to:

o Describe the name, type, mechanism of action and landmark clinical trials of licensed
advanced therapy medicinal products (ATMPs) currently approved for use in the UK;

e Explore processes for predicting future ATMPs;

o Establish the role of pharmacy professionals, including the chief pharmacist, clinical
pharmacy professional and quality assurance specialist in the preparation and
administration of ATMPs, and the pharmacy infrastructure needed for ATMPs;

o Describe the patient and product journey for an ATMP, from production to
administration, with a focus on chimeric antigen receptor T-cell therapies;

e Depict ATMP regulatory processes;

e Establish the process for assessing cost-effectiveness and reimbursement strategies
for ATMPs in the UK.

Advanced therapy medicinal products (ATMPs) are a new class of medicinal products. They

include gene therapies, somatic cellular products and tissue engineered products[1]. ATMPs
are at the forefront of healthcare innovation and give hope for treating diseases that currently
have limited or no therapeutic options.

There are three principal categories of ATMPs:

1. Medicines for gene therapy — these incorporate genes that can bring about an effect
that is therapeutic, diagnostic or prophylactic. These products insert into the body so-
called ‘recombinant’ genes (i.e. stretches of DNA, assembled from different sources
and produced in a laboratory setting) with the objective of treating conditions such as
genetic disorders, cancer or other chronic diseases[1]. Gene therapies that are virus-
based are known as in vivo gene therapies, with genetic modification to the cells and
tissues occurring inside the body after administration. Gene therapies that are cell-
based are known as ex vivo gene therapies. They use a sample of donor cells that
undergo genetic modification in a good manufacturing practice (GMP) manufacturing
unit.

2. Products based on somatic cell therapy — these comprise either substantially
manipulated cells or tissues, or cells and tissues in which the biological
characteristics have been altered to produce actions distinct from their normal
function. These medicines are intended to cure, prevent or diagnose a disease[1].

3. Tissue-engineered products — these are based on modified cells or tissues with the
objective of repairing, replacing or regenerating human tissue. Cells embedded in a
biodegradable matrix or scaffold represent an example of this type of product[1].

Medicines referred to as ‘combined ATMPs’ may incorporate a medical device as an integral
component of the medicine.

ATMPs present challenges and opportunities. For scientists and healthcare professionals
employed in commissioned ATMP delivery sites, challenges include ATMP preparation,
storage and prescription; for those in regulatory sciences and pharmacy professionals in
heath economic settings, challenges include licensing, processes and assessing ATMP cost-
effectiveness[2]. However, ATMPs also bring hope, opportunity and clinical optimism to



diagnoses that previously had devastating prognoses, such as adult B-cell ymphoma and
resistant acute lymphocytic leukaemia in children[3].

The aim of this article is to provide an overview for the pharmacy professional of the clinical,
institutional, regulatory, safety and economic considerations of ATMPs.

ATMPs licensed in the UK

At the time of writing, there are ten licensed ATMPs approved by the National Institute for
Health and Care Excellence (NICE) for use in England and Wales. They are used in several
indications, including blood cancers, solid tumour cancers, and metabolic, eye, immune,
musculoskeletal and neuromuscular disorders[4]. Seven of these ATMPs are approved for
eight indications by the Scottish Medicines Consortium for use in Scotland. For more
detailed information, see Table 1 (click here for a PDF version)[5-15].



https://www.scottishmedicines.org.uk/
https://pharmaceutical-journal.com/wp-content/uploads/2022/07/Table-1-ATMPs-licensed-for-use-across-the-UK.pdf

Name of ATMP

Type of ATMP

Indication

oduct manufacture and administration

Atidarsagene autolemcel
(Libmeldy)

Gene therapy
medicinal product

Metachromalic
leukodystrophy with
mutations in the
arylsulfatase A (ARSA)
gene

« Autologous gene therapy manufactured with
patient’s own CD34 stem cells, collected by
leukapheresis or bone marrow harvest, which
are modified ex vivo using a lenfiviral vector to
insert a functional ARSA gene;

Single-dose administration.

| Efficacy (major outcome tri

Results indicate it is effective in modilying
the disease course of early onset
metachromatic leukodystrophy in most
patients

Aulologous anli-CD19-
transduced CD3+ cells
(Tecartus)

Gene therapy
medicingl product

Relapsed or refractory
mantle cell lvmphomg

« Autologous CAR-T cell therapy manulactured
using the patient’s own T-lymphocyles
collected by leukapheresis:

« The T cells are genetically modified ex vivo

using a refroviral vector fo produce anti-CD19

CAR-1 cells:

‘The CAR-T cells are expanded and infused

back into patient:

+» Single-dose administration.

In the phase 2 ZUMA-2 (rial, alter a
minimum of 7 months of follow up, 93% of
patients had an objective response, with 67
achieving complefe response

Axicabtagene ciloleucel
(Yescarta)

Gene therapy
medicinal product

Relapsed/refractory
diffuse large B-cell
Iymphoma and primary
(DLBCL) mediastinal
large B-cell lymphoma
following two or more
previous systemic
reatments

Product manufacture is similar to that
described for Tecartus:
+ Single-dose administration.

In the phase 2 ZUMA-1 trial, after a median
follow up of 24 months. 71% of patients
achieved an objective response and 51%

a complete response

Tisagenlecleucel
(KYMRIAH)

Gene therapy
medicinal product

Relapsed or refractory
B-cell acute
Iymphoblastic leukacmia
(r/r AT1) in patients aged
under 25 years

Refractory DLBCL after
more than 2 previous
therapies

« Autologous CAR-T cell therapy manufactured
using the patient's own T-lvmphocyles
collected by leukapheresis. The T cells are
genelically modified ex vivo using a lentiviral
vector encoding an anti- CDI9 CAR protein;

« Single dose adminisiration.

« In the ELIANA trial, children and voung
adults with r/r ALL had an overall
remission rate of 82.3%;

« Tn the JULIET wrial, adult patients wilh
DLBCIL demonstrated an overall response
rate 53% at a median follow up of
40.3 months.

Talimogene
laherparepvec (Imlygic)

Gene therapy
medicinal product

Adult patients with
unresectable metastatic
melanoma

- Produced by recombinant DNA fechnology in
Vero cells:

« 'The exact mechanism of action is unknown,
although when talimogene is injected into
melanoma, it causes tumor lysis and release
of tumor-derived antigens. This together with
virally derived granulocyle-macrophage
colony-slimulating factor (GM-CSF) promoles
an anti- tumor immune response.

In the OPTiM study, talimogene
laherparepvec: monotherapy versus GM-CSI
showed a statistically significant durable
response rate (19% vs. L. and overall
response rate (3L5% vs. 6.1%). Median overall
survival was 23.3 versus 18.9 months.

50 patients (16.9%) vs 1 patient (0.7%)
achieved complele response in each group

Autologous human
corneal epithelial cells
(Holoclar)

lissue-engineered
medicinal product

Adult patients with
moderate to severe limbal
stem cell deficiency

« Autologous limbal stem cells. Collected at
biopsy, expanded and implanted into the
cormea:

+ Process lakes several weeks.

The HLSTMOI trial reported 72.1% of patients
had successful Holoclar transplant at
12 months after therapy

Voretigene neparvovec
(Luxturna)

Gene therapy
medicinal product

Inherited retinal
dystrophies caused by
RPEGS gene mutations

Extracted from naturally occurring adeno-
associated virus and recombinant DNA
techniques

‘The phase 3 301 study reported improvement
in the visual acuity of at least 0.3 logMAR in

Autalogous CD34
enriched cell fraction
containing CD34+

cells transduced with
retroviral vector encoding
for human adenosine
deaminase cDNA
sequence (Strimvelis)

Gene therapy
medicinal product

Adenosine
deaminase deficiency
(severe combined
immunodeficiency)

- Aurologous hone marrow derived cells
(CD34- cells) collected and modified to make
functional adenosine deaminase enzyme;

« Single-dose administration.

rate at 3 years

Autologous chondrocyte
implantation {ACI) using
chondrosphere (Spherox)

Tissue-engineered
medicinal product

Symptomatic articular
cartilage defects of the
knee

+ Patient’s own chondrocytes isolated from
healthy cartilage then cultured in vitro for
aulelogous use;

« Tintire process lakes six (o eighl weeks.

A phase 3 licensing study demonstrated
the non-inferiority of ACI (compared with
microlracture) al 60 months follow-up

Onasemnogene
abeparvovec (Zolgensma)

Gene therapy
medicinal product

Spinal muscular atrophy

« Derived from human embryvonic kidney cells
by r-DNA technology:
+ Single-dose administration.

In the AVXS-101-CL-303 study. 21,22
patients survived event-free (without
permanent ventilation) to =10.5 months of age
and 20 survived to 18 months of age

Table 1: Type,
in the UK

mechanism of action, indication, manufacture and efficacy of ATMPs licensed

Horizon scanning for ATMPs

Horizon scanning is a systematic process of identifying new medicines in development. It
facilitates early patient access to new medicines by anticipating hurdles in implementation.
Horizon-scanning activities are undertaken by NHS medicines information specialists and
published annually by the Specialist Pharmacy Service[16]. This is an essential service for
NHS organisations, enabling the planning and implementing of budgets for new medicines or
licence extensions predicted within 18 months. The 2021 publication predicted 21 new
ATMPs and 8 ATMP licence extensions over the next 18 months[17].

The Cell and Gene Therapy Catapult (CGTC) is an expert UK centre, established and
designed to transform the UK’s capability for innovation and support economic growth in
ATMPs[18]. The CGTC encourages collaborative working with industry to break down



barriers in the pipeline of ATMPs. It also manages a comprehensive clinical trials database
that contains details of all UK trials of ATMPs. There were 214 ongoing trials in 2021[19].
The dominant fields are haematological malignancies and solid tumours, accounting for
around 35% of ATMP trials, followed by haematology and ophthalmology at 12% each (see
Figure 1; click here for PDF version)[19-29].
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Figure 1: Sites at which licensed ATMPs are currently delivered
The role of pharmacy professionals

Pharmacy professionals engage with ATMPs in several areas, from specialist critical care
pharmacists that review patients with neurotoxicity after ATMP administration to pharmacists
as qualified persons that ensure appropriate governance in ATMP production.

Governance, chief pharmacists and ATMPS

Chief pharmacists are responsible for the safe and secure handling and quality of medicinal
products within their organisation[18]. The first guidance for pharmacy leaders on handling
ATMPs was published in 2017 by the Specialist Pharmacy Service and advocated
appropriate medicines governance for ATMPs within healthcare organisations[19].

The guidance stipulated a collaborative approach to ensure safe ATMP introduction. Chief
pharmacists recognise that the handling and manipulation of cellular medicines is a
specialist competency outside the pharmacy workforce’s skill set. However, it remains a


https://ct.catapult.org.uk/clinical-trials-database
https://pharmaceutical-journal.com/wp-content/uploads/2022/07/Figure-1-Sites-where-licensed-ATMPs-are-currently-delivered-over-the-UK.pdf

pharmacy responsibility to ensure proper procedures for the manipulation of ATMPs in
compliance with good clinical practice for investigational medicinal products (IMP) or the
summary of prescribing characteristics for marketed medicines. Pharmacists should also
facilitate multidisciplinary collaboration so that pharmacovigilance responsibilities are fully
delivered. The ultimate responsibility for all safe and compliant procedures in relation to
medicines (including ATMPs) sits with the chief pharmacist[19].

All requests for ATMPs must be scrutinised by the appropriate organisational
multidisciplinary committee to ensure stakeholders are aware of their associated effects. For
example, there may be a requirement for specialist services, such as an intensive care unit
for management of serious adverse effects after ATMP administration. Importantly, for
advanced therapy investigational medicinal products (ATIMPs) used in a clinical trial, there
are additional local governance steps, in addition to approval via research and development.

Additional national governance processes for ATMPs holding marketing authorisations are
managed centrally through one of the following:

e A NICE health technology evaluation;

o Highly specialised technologies evaluation processes;

e NHS England commissioning process (comparable processes exist in other UK
countries).

Currently, delivery centres for marketed ATMPs must be commissioned by the NHS England
national process [30]. However, there is no such process for sites to become eligible to
deliver clinical trials.

The eligibility of potential patients may be assessed centrally by a multidisciplinary approval
panel process, as is the case for chimeric antigen receptor T-cell (CAR-T) therapy.

Should a cellular autologous ATMP fail to meet criteria for final release as a licensed
medicine or IMP, it will be subject to additional governance requirements. However, there
are circumstances in which the treatment may still be administered. GMP for ATMPs allows,
in exceptional circumstances, for the concessionary release of products that do not comply
with release specifications[31,32]. A product can be released for use on a compassionate
basis, at the request of the clinician, as ATMPs can give the patient a last chance of survival.
There are liability issues in these circumstances: where the product does not full comply with
marketing authorisation, liability rests with the prescriber and their institution rather than the
manufacturer[33]. Local governance should ensure that clinical risks and benefits for the
individual patient are considered before acceptance of an out-of-specification ATMP[33].

Local ATMP policies should ensure the ATMP is assessed as suitable by a quality
assurance pharmacist with relevant expertise (similar to what is required for unlicensed
medicine use)[32]. The NHS workforce includes qualified persons (as defined in Directive
2001/83/EC) and quality assurance specialists who assist with ATMP assessment in
collaboration with stem cell laboratory colleagues[19,31].

Operational pharmacy role

When introducing an ATMP, the journey of the product and the patient should be carefully
mapped. For some products, such as in vivo gene therapies, the pathways are similar to
those for other medicines. However, some autologous cellular ATMPs; for example, ex vivo
gene therapies such as CAR-T, are disruptive to ‘business as usual’ and require careful
planning. CAR-T cell therapies are currently the most widely used ATMPs across the UK
and will be discussed below to illustrate the complex patient and product journey.
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Clinical pharmacy role

The role of the clinical pharmacist in ATMP provision has evolved and formalised since the
advent of marketed CAR-T cell therapies, with focus on patient verification, linking with
referral centres for medicines reconciliation and toxicity management[34]. The Pan-UK
ATMP Pharmacy Working Group has a clinical pharmacy subgroup, which has produced a
standardised toxicity management tool and consensus guidance for supportive medications,
based on evidence and clinical experience[35]. The clinical pharmacy subgroup also aims to
use horizon-scanning data to enable proactive collaboration and facilitate implementation of
new ATMPs

In addition, the Pan-UK ATMP Pharmacy Working Group has established a subgroup for
clinical trials, which aims to ensure that pharmacy trials teams are equipped to ask
appropriate questions at various stages, from first contact, to establishing trial feasibility
through site initiation, and into recruitment. Outputs are published on the NHS Specialist
Pharmacy Service website[16,36].

In any setting, the clinical pharmacist has the responsibility to make patients aware of open-
for-recruitment ATMP clinical trials for their specific condition. These can be found at
www.clinicaltrial.gov.uk, www.catapult.org.uk/clinicail-trials-database and
www.eudract.ema.europa.eu.

Patient and product journey for CAR-T

CAR-T therapy is the most commonly used ATMP in the UK. The CAR-T patient journey is
outlined in Figure 2. It begins with a potentially eligible patient being referred to a CAR-T
centre. If suitable, their case is submitted for discussion at a national panel, and funding
approved at that point (if they are eligible for treatment)[37]. After consent is obtained, the
patient attends the apheresis unit at the CAR-T centre, where their T-cells are collected by a
process known as leukapheresis.

The patient may need bridging therapy to stabilise their disease while the CAR-T cell product
is manufactured, as this can take 3 to 4 weeks[6]. Once the CAR-T cell product is
manufactured and available for use, the patient is administered lymphodepletion (usually
containing fludarabine and cyclophosphamide) to aid the efficacy and persistence of CAR-T
cell therapy[7]. The patient is then admitted to hospital for the CAR-T cell infusion. Toxicity,
such as cytokine release syndrome and neurotoxicity, can occur which would require careful
management and (potentially) admission to an intensive care unit[38].
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Figure 2: The patient journey for chimeric antigen receptor T-cell therapy

Figure 3 shows the product journey for CAR-T therapy. The starting product is harvested
from the patient or a donor in the apheresis centre by a process called leukapheresis and
processed in a stem cell laboratory. It is subsequently packaged and shipped to the
manufacturer, where regulatory controls shift from the Human Tissue Authority in the UK to
the Medicines and Healthcare products Regulatory Agency (MHRA) or the medicines
regulator operating in the country of manufacture.

The starting material is then used in the manufacturing process, where it is genetically
modified to confer antigen specificity to the T-cells by the addition of a chimeric antigen
receptor[39]. After expansion, the product is classed a medicine. The medicinal product is
cryopreserved and returned to the hospital via a stem cell laboratory, with pharmacy
oversight. The quality is verified (right patient, right dose, product integral, no cold chain
breach and stored under nitrogen until required)[19]. Prior to use, it is thawed and then
immediately administered to the patient. The medicinal product requires specialist handling,
and each centre has its own optimal process to ensure good clinical governance.
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Figure 3: The product journey for chimeric antigen receptor T-cell therapy

To ensure consistency and minimise variation in service provision, the Pan-UK ATMP
Pharmacy Working Group and NHS Specialist Pharmacy Service have checklists for each
stage requiring pharmacy input, which include key points to ensure standardised processes
in each institution[40]. The NHS Specialist Pharmacy Service has published a guide for chief
pharmacists implementing CAR-T therapy: 'Pharmacy Institutional Readiness for Marketed
CAR-T Therapies: Checklists for Pharmacy Services'[19].

ATMP regulatory framework

In the UK and Europe, ATMPs are defined by the MHRA and European Medicines Agency
(EMA) as medicines for use in humans, whose fundamental basis are genes, cells or
tissues. In the USA, cell therapy and human gene therapy products, as well as combination
devices involving cell and gene therapy, are regulated by the Food and Drug Administration
(FDA)'s Center for Biologics Evaluation and Research.

Both cellular and gene therapy medicines are approved in Europe, UK and the USA.
ATMP cost-effectiveness in the context of NHS budgets

A key feature of ATMPs is their price. Tisagenlecleucel (KYMRIAH; Novartis) has a UK list
price of £282,000 for a one-time infusion, and atidarsagene autotemcel (Libmeldy; Orchard
Therapeutics) has a UK list price of £2,875,000, making it the world’s most expensive
medicine[4]. Although patient access schemes and managed access agreements offer
discounts to the NHS, the costs are nonetheless exceptionally high, leaving commissioners
and policymakers with difficult decisions concerning value for money, reimbursement and
budgets[41].
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Assessing value

Some ATMPs are evaluated via NICE’s highly specialised technologies workstream, while
others in England have been recommended via the Cancer Drugs Fund[4]. As they have
been recommended via different pathways, different value judgements will have been made
in relation to other NHS services. For instance, an average gain of one year in perfect health
(equivalent to one quality-adjusted life year), may be valued over ten times higher in patients
who might benefit from ATMPs, compared with other patients. This may be justified on the
basis that ATMPs are more likely to be one-off, curative treatments[42].

However, in many instances, a lack of long-term outcome data, including health-related
quality of life and survival, and reliance on endpoints that may be poor surrogates for
outcomes of importance to patients, present challenges to decision makers. Economic
evaluations of ATMPs conducted to date have revealed a high level of uncertainty in cost-
effectiveness estimates because of the lack of long-term outcome data[2].

Paying for ATMPs

At present, ATMPs are paid for via standard methods of reimbursement, which involves an
upfront cost to the NHS irrespective of whether the treatment succeeds or fails. Alternative
payment methods are being proposed that share the financial risks between the NHS and
pharmaceutical companies and facilitate timely patient access while evidence matures[20].
They include annual payments over a defined period that are dependent on meeting an
agreed threshold of treatment response, or rebates that are payable if a patient outcome is
not achieved or maintained. These will become increasingly important as the number of
ATMPs increases and clinical indications extend from rare to more common diseases.

Conclusion
ATMPs have already delivered exciting outcomes and promise to deliver more in the future.
Our workforce must be suitably informed to meet ATMP challenges as the NHS embraces

these medicines, which have the potential to be life-changing for many patients.
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