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At present, more than 1200 cell and gene therapy (CGT) clinical
trials are ongoing [1], and up to 50 such treatments are expected
to be clinically available by 2030 [2]. A major contribution comes
from the entry of chimeric antigen receptor (CAR) T-cell therapies
into the market. These cells are genetically engineered to express a
synthetic receptor that binds to antigens expressed on the surface
of tumour or virally infected cells, resulting in T-cell activation and
a re-directed immune response against the targeted cells [3]. Anti-
CD19 and anti-B-cell maturation antigen CAR T-cells have been
shown to be effective against relapsed/refractory B-cell malig-
nancies [3, 4] and multiple myeloma [5], respectively, which has led
to recent approvals by regulators (Table 1) [6]. Other similar
products, collectively referred to as ex vivo gene-modified cell
therapies, have also been approved for the treatment and cure of
rare monogenic disorders, including severe combined immunode-
ficiency due to adenosine deaminase deficiency [7], β-thalassaemia
[8] and metachromatic leukodystrophy [9]. In addition, gene
therapies—where therapeutic/corrective genes are delivered
directly to patients—have also been approved for an inherited
form of blindness and spinal muscular atrophy (Table 1). In South
Africa, over and above being able to address these conditions, CGT
approaches hold promise for potentially being able to cure human
immunodeficiency virus (HIV), a condition that has severe
health and socioeconomic consequences [10, 11]. Although not a
feature of the currently approved treatments, gene-editing tools—
and in particular clustered regularly interspaced palindromic
repeat (CRISPR)—are significantly advancing the development of
CGT, allowing for an unprecedented repertoire of clinical applica-
tions [12, 13]. Compared to small molecules and protein-based
treatments (such as monoclonal antibodies), which require
repeated administration to maintain a therapeutic effect, CGT
treatments offer a solution in which a single dose could provide a
durable therapeutic effect.
South Africa, rich in its cultural and ethnic diversity, mineral

resources, and biodiversity, is characterised by a heavy burden of
disease. Its history, centred on a legacy of institutionalised
oppression and discrimination, has left in its wake the continuing
socioeconomic challenge of inequality. According to the World
Bank, ‘South Africa remains a dual economy with one of the
highest inequality rates in the world’ [14] and there is no clearer
measure of this than a Gini index of 63 in 2021 [15]. Based on this
metric, it is the most unequal country in the world. Inequality in
wealth is even higher: the richest 10% of the population held

around 71% of net wealth in 2015, while the bottom 60% held 7%.
Unemployment at 32.5% at the end of 2020 remains a key
challenge. This has been exacerbated by the COVID-19 pandemic
which saw the economy contract by 7% in 2020 [14]. The
healthcare sector has not been spared from this inequality. The
private health care sector, which serves 16% of the population
[16, 17], is able to afford world-class therapies to insured patients,
while the public sector, accessed by 84% of the population
[16, 17], due to resource constraints, has to make decisions which
ensure that the most beneficial treatments are prioritised for the
largest number of patients. In addition, South Africa suffers from
poor returns on human resource investments with up to 30% of
locally trained doctors having emigrated [18].
Bearing the above in mind, the question arises as to how one

might justify the provision of costly CGT to our patients. The
Constitution of the Republic of South Africa (Chapter 2, section 27
[19]) enshrines the right of access to healthcare. The ‘right’
however does not lead to automatic ‘access’ because access is
dependent on the availability of resources. Furthermore, resources
can only be made available once the size of the problem to be
solved has been determined. Two of the key areas requiring
consideration are (a) increasing capacity and education around
diseases requiring CGT, and (b) obtaining good quality data from
which advocacy can be developed. The former requires strength-
ening outreach systems from regional and academic centres to
primary health care clinics and district hospitals, as well as getting
community health workers involved. The second factor, requiring
data for advocacy, can then be built on the aforementioned
system. Presently, we have no means of determining the size of
the potential CGT market in South Africa due to the absence of a
registry and no formal waiting lists. Although these systems are
not yet in place, we do know anecdotally that the need for CGT in
South Africa is large, and demand far exceeds supply. This is the
result of limited capacity in terms of human resources and
infrastructure but is compounded by the lack of sufficient/
appropriate legislation and government support, cultural sensitiv-
ities related to traditions and belief systems, limited funding
opportunities, and insufficient education in all sectors of society
(including the medical fraternity) which contribute to the fragility
of public opinion. We believe it is important to consider
the opportunities and challenges for CGT in our society in four
distinct areas: health legislation, health economics, cost and
capacity building.
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HEALTH LEGISLATION
The South African legislation makes provision for the registration
of new drugs through the South African Health Products
Regulatory Authority (SAHPRA). Legislation governing the manu-
facture or import of CGTs does not exist. The process of
registration of genetically modified human biological materials
requires expertise in balancing the need to apply advanced
technologies for patient benefit with the need to provide a safe
product of sufficient quality for the intended purpose. In addition,
the objectives of having an adequate legislative environment
include, amongst other things, the need to protect individuals
from harmful and unethical practices and to respect an
individual’s right to determine how to use her/his own organs/
tissues/cells.
Given the inequalities inherent in access to advanced technol-

ogies, particularly with South Africa’s dual healthcare system,
Universal Health Coverage (UHC) may well be the way in which we
bring this to the clinic. UHC is defined by the World Health
Organization as a service where ‘all people and communities can
use the promotive, preventive, curative, rehabilitative and
palliative health services they need, of sufficient quality to be
effective, while also ensuring that the use of these services does
not expose the user to financial hardship’ [20]. The universal right
to healthcare is based on the philosophical notion of distributive
justice, which advocates for a just allocation/distribution of goods
among members of society. In practice, however, access to and
quality of healthcare are directly proportional to socioeconomic
status, and quality of healthcare is adversely affected in a
resource-poor setting. Nevertheless, the South African National
Development Plan (NDP) clearly promotes the goal of ‘universal
equitable, efficient and quality healthcare’ [17]. Provision must be
made for all South Africans, allowing all members of society to
benefit from advances in medical science. Legislation should
however not be unduly restrictive in order to avoid stifling basic
and clinical research and biotechnological innovation. The ever-
changing field of CGT requires a high degree of technical expertise
and that advances in science and medicine are accommodated to
ensure that legislation is accurate, appropriate and unambiguous.
We have undertaken to detail the regulatory requirements for the
initiation of a National legislative plan for CGT. Medical and
Scientific advisory committees already exist in South Africa and
once a clear plan is in place, it would fall on these committees to
present this plan to the National Department of Health (NDoH),
which once accepted would allow improved and safe access to
these treatments.

HEALTH ECONOMICS
Healthcare resource allocation decisions generally aim to max-
imise healthcare delivery within the limits of available resources.
Interventions must be clinically beneficial and cost-effective (or be
dominant) relative to existing practice. A commonly used
approach is a cost-effectiveness threshold where a reference
incremental cost-effective ratio (ICER) serves as the basis against
which an intervention can be considered to be ‘good value for
money’ [21]. The ICER is usually expressed in cost per incremental
gain in quality-adjusted life years (QALY) [22]. Of course, in
considering the ICER, the resources of the country in question
have to be acknowledged and a threshold set [23]. The WHO
historically defined a cost-effectiveness threshold as a measure
that is ‘less than three times the national annual Gross Domestic
Product (GDP) per capita, per disability-adjusted life years (DALY)
avoided.’ [23] This measure is now accepted to be outdated as it
does not sufficiently rely on scientific measures to aid in decision-
making [21]. In South Africa, this threshold should also take into
account the possible effect on other health measures that may be
compromised as a result of including the health measure in
question [21]. Edoka and Stacey recently published a CE threshold

that incorporates the ‘health opportunity cost of health spending
in SA’. Using a three-phase approach, they came up with a CE
formula which links health spending to DALY’s averted. In essence,
the threshold found per DALY averted was ZAR 38 465.46 (USD 2
539.96 [24]; the South African Rand is currently at just over ZAR
15.00 per USD 1.00 [24].), certainly less than one to three times the
GDP per capita, which at the end of 2020 was just less than ZAR 50
000 [25].
Knowing the above, one must then acknowledge that in

applying ICER to CGT, it is also important to consider its cost
in comparison to the lifetime costs of continued treatment (e.g. in
conditions like haemophilia A), chronic conditions to be managed
(e.g. late effects from high dose chemotherapy) and the very real
risk of death from the disease [26]. These therapies offer the hope
of a cure for diseases, most of which have considerable morbidity.
In addition, one would have to decide as a country whether to
invest in those therapies that indeed give the highest return on
investment. Cohen et al. recently compared seven CGT products
with drugs or biological agents currently in use, using the ICER.
Their results show CGT to be superior in average health gains [26].
The United States of America (USA), however, has long had a USD
50 000/QALY gained cost-effectiveness threshold, with many
claiming it should be much higher [27]. This again bears testament
to the fact that South Africa’s resources may not be sufficient to
justify these therapies at their present cost, even if we know
patients stand to benefit.

COST
Cell and gene therapies will only be cost-effective if we manage to
bring their costs down. The cost of CAR T-cell therapy ranges from
USD 373,000 to USD 475,000, while gene therapies for monogenic
disorders can exceed USD 2 million. Despite the vigour with which
we may advocate for such therapies, the answer to whether we
can access these treatments presently will persistently remain ‘No’.
The reason? They are unaffordable. This is especially so for
patients in the public health care sector. This problem is of course
not unique to South Africa. Two Indian biotech companies are
developing CAR T-cells at a goal price reduction of nearly tenfold
compared to current prices. The intended model is to decentralise
the service and make use of local manufacturing and engineering
expertise [4]. The long-term goal is to make these therapies
available to other parts of the world. Even in the USA with
significantly more resources, a recent budget-impact analysis for
gene therapy in sickle cell disease highlighted the significant
short-term financial impact of this therapy, highlighting the need
to achieve a balance between cost-effectiveness and affordability
[2]. Even well-resourced countries would have to explore and
compare different funding models to make this a reality for all of
their patients.
Beyond the need to access low-cost treatments from other

countries lies the more imminent need to explore whether we
cannot ourselves manufacture the products at a lower cost. A
major challenge for the whole CGT field is the exorbitant cost of
goods (CoGs) to manufacture these products. This is particularly
true for the manufacture of viral vectors which are used for the
production of all the gene and gene-modified cell therapies
currently in the market, and most in clinical development. Viral
vectors are ‘disabled’ viruses engineered to deliver the therapeutic
genes to target cells, which then self-inactivate to prevent further
propagation. In a recent report on patients with β-thalassaemia
receiving either allogeneic HSCT or ex vivo gene-modified cell
therapy, it was shown that although the recovery and level of
complications were lower for the latter, the cost was still
significantly higher [8]. Viral vector manufacturing accounted for
48% of the cost. These costs are anticipated to decrease as the
competition among manufacturers increases and economies of
scale come to bear. Exciting developments to facilitate off-the-
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shelf products, such as allogeneic CAR T-cells or induced-
pluripotent stem cell (iPSC)-derived products, may provide for
more affordable and sustainable models. In a genetically diverse
country where African patients have a <20% chance of finding an
allogeneic donor for haematopoietic stem cell transplantation
(HSCT) [28], these approaches are very promising. In this regard,
numerous groups in the USA and Europe are developing novel
allogeneic CAR T-cell therapies to treat many of the cancer
indications that often require HSCT [29, 30]. Furthermore, exciting
developments for treating HIV with allogeneic CAR T-cells are also
underway [31].

CAPACITY BUILDING
In order for a CGT service to be successful, one also needs to look
beyond the ‘how’ to the ‘when’. It is critically important not to
leave this question unanswered until it is too late. Capacity
building includes strengthening human resources, manufacturing
and research. South Africa has a young and enthusiastic CGT
community; however, more people need to be recruited into this
highly specialised field. Cell therapy in South Africa is presently
limited to HSCT; however, even this treatment modality has
significant challenges, one of the most important being lack of
suitable donors, particularly for patients of African and mixed-race
ancestry [28]. The administration of gene therapy products for
therapeutic purposes is absent in South Africa, although several
clinical trials are underway. In particular, the University of the
Witwatersrand (Wits) together with the South African Medical
Research Council (SAMRC) has an Antiviral Gene Therapy Research
Unit (AGTRU) focusing on gene therapy for Hepatitis B infection
[32]. Professor Johnny Mahlangu, from the Haemophilia compre-
hensive care center at Wits, is actively involved in the Haemophilia
A gene therapy landscape and contributed to a recently published
‘global multidisciplinary consensus framework on haemophilia
gene therapy’ [33]. And at the Institute for Cellular and Molecular
Medicine (ICMM) at the University of Pretoria, research on gene
therapy for HIV is also underway [31, 34, 35]. Anecdotally, some
patients who are able to afford it are travelling abroad for CAR
T-cell and haemophilia gene therapy, and are then managed by
local physicians on their return.
In order to strengthen human resource capacity, groups

working on stem cells and CGT will need to recruit more students.
This will certainly increase research capacity but will require
funding. An initiative started in South Africa, jointly between the
SAMRC, the NDoH and the Public health enhancement fund
(PHEF) is the Bongani Mayosi National Health Scholars Programme
(BM-NHSP) [36]. This initiative aims to train 1000 PhD students
over the course of 10 years. The focus areas are health and clinical
research and this an ideal opportunity to capitalise on the gap in
CGT expertise. The groups mentioned should have clear focus
areas within their research mandate dealing with specific areas
that would bring these therapies to the clinic. Critically, co-
supervisors from international institutions where these therapies
are being manufactured and administered should be actively
sought and included in these research projects. Where possible, in
collaboration with these international institutions, the students
should spend time abroad at said institutions allowing for hands-
on training. It would also be ideal to train more clinician-scientists
who concurrently can do international fellowships, allowing for
exposure to patient care following administration of CGT.
These north-south collaborations would provide advantages for

all concerned. Many lower-to-middle income countries (LMIC) are
well placed to provide highly sought after human material for
research purposes, and in the case of southern Africa, the
following contributing factors are well defined: (a) the extent of
genetic diversity including some of the oldest living human
populations; and (b) the extent and severity of both communic-
able and non-communicable diseases. In simplified terms, this can

be seen as an important contribution of the under-resourced
‘global south’ to productive research collaborations. The ‘global
north’ on the other hand provides much needed technological
expertise for the analysis of this rich source of information. History
however has taught us that the benefits derived from such
collaborations are often skewed in favour of the ‘north’, and until
recently limited attention has been given to the need for more
appropriate sharing of these benefits. This can take many forms
which do not necessarily need to be monetary. They do however
require consideration of all the necessary ethical, legal and social
implications prior to the collection of data [37]. This will include
adequate informed consent, fair contracts and material transfer
agreements, and adherence to local requirements regarding
intellectual property protection, particularly if the research is
publicly funded. In addition, the nature of the data generated and
who will have access, as well as the reporting obligations of
researchers, must be well defined. As a result of increased
awareness and legal requirements, there appears to be a move
away from the paternalistic nature of the relationships which have
characterised many of these interactions in the past. There is
already evidence of the power of these collaborations. The Bill and
Melinda Gates Foundation together with the United States
National Institutes of Health (NIH) will each contribute USD 100
million for gene therapy development in under-resourced
countries [38]. The focus will be on clinical trials for sickle cell
disease and HIV.
Whatever the strategy employed, it must remain clear that the

success of such a programme will be directly proportional to
the confidence of the people who will ultimately administer the
product and care for the patients. The continued emigration of
large numbers of trained staff is problematic, and a way needs to
be found to retain staff by increasing professional opportunities
and incentives back home. It is thus imperative that a concurrent
infrastructure able to manufacture these therapies, and treatment
centers able to administer them, be developed and built where
required.
The manufacture of CGT therapy products is extremely

complex, requiring hi-tech equipment, skilled staff, and good
manufacturing practice-approved quality standards to ensure the
provision of safe and effective treatments. This includes infra-
structure for manufacturing both viral vectors and gene-modified
cell products at scale. In the creation of a local facility,
implementation of a fully integrated, scalable and versatile
manufacturing platform would be ideal to fully capitalise on
economies of scale and not to be reliant on offshore suppliers. The
establishment of the facility should be centralised initially to
ensure adequate regulatory oversight, training and commerciali-
sation opportunities. In time, the inevitable move towards
decentralisation of services and capacity to accommodate the
provision of products for clinical trials and finally approved
therapies must be provided for.
Increasing capacity cannot be achieved without government

support. As it is the intention that these therapies are made
available to both public and private patients, both sectors have to
be sufficiently resourced. Autologous administration of ex vivo
modified therapies, as an example, can only be administered in
internationally accredited transplantation facilities. The State
presently only has a handful of transplant centres and major
upscaling of HSCT skills will be required in order for this goal to be
reached. Expertise will have to be developed by doing regular
autologous and allogeneic transplantations, which presently are in
desperate need. From an administrative and governance perspec-
tive, the increased workload might be seen as a deterrent to
productive collaborations. However, with well-coordinated efforts
and a sensitivity to the needs of both parties, a workflow can be
established that satisfies all of these needs. We believe that this
will in the long run lead to sustainable partnerships which stand to
benefit all of humankind.
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THE WAY FORWARD
Having highlighted important barriers and gaps in the South
African system for the implementation of CGT, previously also
eloquently enumerated by Arbuthnot et al. [39], we propose the
following ways in which these difficulties could potentially be
addressed. We also acknowledge that other LMIC who face similar
challenges could adopt some of these guidelines and in turn also
provide input that may enhance our approach:

● A dedicated South African Cell and Gene Therapy Society
◦ A CGT society will allow for all relevant stakeholders from

academic and private institutions to collaborate towards a
common goal; this could involve the creation of a de novo
society or the transformation of an existing group.

◦ The society should appoint an Executive Committee who
will oversee the functions of the society and provide
guidance on its activities.

◦ Multiple sub-committees can have different functions, each
contributing towards the overall vision of the society.

◦ The Executive Committee should have a clear relationship
to the NDoH ministerial advisory committee (MAC),
allowing for all CGT activities to come from one specific,
unified committee to avoid duplication.

● Patient identification
◦ Registries: We propose that all diseases, but especially

those with the defined potential for treatment or cure by
gene therapy, establish registry committees as a matter of
urgency. Where registries exist these should be strength-
ened and have a clear focus on data analysis with the aim
of advocacy for gene therapy as part of their mandate.
Ideally, these registry committees should either form part
of the national CGT society or be acknowledged as a
shared society to allow for data sharing.

◦ Outreach: All regional and academic centres that do not do
outreach to smaller hospitals, should establish this as part of
their clinical care. The centres should also, wherever possible,
provide the referring institution with screening guidelines to
better identify high-risk patients requiring referral.

● Human resource and research capacity
◦ Cell and Gene therapy projects: All laboratories in the

country, currently working on stem cell and gene therapies
where gene modification is involved, should work together
to ensure that duplication is avoided and to prioritise the
following:
▪ Projects should be created within each laboratory,

according to the expertise that exists, to cover specific
aspects of CGT that will answer specific questions e.g.
regulatory/legislative matters; computational aspects
which will allow for cost modelling amongst others;
scientific projects dealing with gene therapy of existing
diseases (this should be expanded to include CAR-T cell
research, sickle cell disease, HIV gene therapy and
others); biomedical engineering for the purposes of
manufacturing these therapies.

▪ Once a clear mandate for each laboratory has been
established, the appropriate international collaborators
should be sought. Where possible, partner institutions
should be established to ensure a constant bidirectional
stream of students and fellows between institutions.

▪ Funding for these projects should be sought by
applying for large grants e.g The Wellcome grant which
encourages collaborations and whose aim is to fund
multiple projects as part of a large overall vision of
improving health outcomes.

◦ Clinical training: While scientific projects are undertaken,
clinicians should also be trained in two different but
overlapping ways:

▪ Clinician scientists: Clinicians in the disciplines dealing
with patients who may benefit from CGTs should be
encouraged to pursue scientific PhDs to expand their
skills and understanding of the therapies they will be
administering. Further to this, they will also be
strengthened in their research capabilities and data
analysis skills.

▪ Clinical fellows: Parallel to and overlapping with the
above is the need for clinicians to train abroad in
centres administering CGTs as part of their normal
clinical activities. Examples would include HSCT fellow-
ships or specific thrombosis and haemostasis fellow-
ships for haemophilia (including gene therapy).

◦ Clinical trials: Once the appropriate legislative framework is
in place, SA patients can be recruited actively onto
international clinical trials. This is an important interim
step before the capacity for local manufacture is in place.

● Manufacturing capacity
◦ The CGT society should form a sub-committee specifically

dealing with the establishment of infrastructure and the
human capacity for manufacture.

● Clinical facility
◦ It is important for those clinicians already involved in HSCT

and gene therapy work, to work together at a national level
to determine the best way forward for the administration
of these therapies.
▪ Centralised facility: The most cost-effective way to bring

these therapies to the clinic is likely initially to be a
centralised facility/facilities in one province. In this
facility, both public and private patients will have access
to these therapies. Multiple private HSCT centers
already exist and the decision would have to be made
whether public patients could be accommodated in
these centers at a fee. Those centers administering or
planning to administer in vivo gene therapy could then
decide to continue with their initiatives and create a
national referral network for eligible patients at that
center.

● Funding
◦ Models: Funding models created by e.g. actuaries would

provide the projected cost for these therapies. It would be
good to split the projection between ex vivo gene-
modified cell therapies and in vivo delivered therapies
and do this on an annual basis. These projections should
take into account the different cost components including
staff, facilities, equipment etc. In vivo delivered therapies
offer the advantage that they do not require the
sophisticated in-patient facilities required for HSCT and
may be more easily implemented from a clinical perspec-
tive. Costs here are usually lower and logistical and
regulatory matters easier to manage than ex vivo CGTs. It
will also be important to provide a model for the
manufacture of allogeneic therapies using healthy donors
or iPSCs. Once the projected cost is known it must be
compared with the current cost of lifetime treatment for
each disease in question e.g haemophilia, sickle cell
disease and high-risk haematological malignancies. It is
only once the difference in cost between the single-
application treatment and lifetime treatment is known, that
government can be approached. Knowing what is already
being spent on these diseases is a major factor to consider
in discussing potential curative therapies and the cost
savings they may bring.

◦ Universal health care: The advantage of UHC is that the
country’s resources can be pooled to allow currently
insured and uninsured patients to benefit equally. As
described above, once the actual cost of the therapies has
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been determined, provision for this can be made as a
budgetary item.

● Government liaison
◦ Government participation and funding, whether through

UHC or otherwise, will be critical to ensure the sustain-
ability of CGT in South Africa. The CGT society as
mentioned earlier, through a MAC, would have to address
the following matters in a detailed and systematic manner
to ensure appropriate and responsible advocacy for the
implementation of this service:
▪ Regulatory framework: For the initial part (which maybe

years), the implementation of a regulatory framework
for implementation of these therapies will have to be
addressed, including the relevant ethical, legal and
social implications.

▪ Data on the size of the problems to be solved will need
to be presented. This data will be received through the
existing registry networks. This will be important in light
of the mentioned existing burden of disease. By
ensuring that accurate data is presented, the govern-
ment will be able to quantify the problem and prioritise
it in line with existing health priorities.

▪ The plan for concurrent research and clinical human
resource capacity must be in place.

▪ Types of gene therapies to be implemented and
the particular advantages and disadvantages of each, as
well as which facilities will be used for their administra-
tion, must have been decided on and presented.

▪ The financial models for both costing of the service as a
whole and the comparison of current government
expenditure for the disease categories must be provided.
This costing will include infrastructure plans, as well as
equipment, staff hire, quality control in addition to the
actual manufacturing of the therapies. Funding should
also be directed to research institutions for the develop-
ment of CGT, which if patented can lead to commercia-
lisation with wider reach and the creation of a funding
stream.

CONCLUSION
Advances in the field of genome engineering mean that in our
lifetimes, patients with incurable diseases are likely to benefit from
a cure from a single-application procedure. This is an unprece-
dented advancement in medicine that will increase substantially
in the next few years. It is important to ensure that all jurisdictions
are in a position to take full advantage of these therapies and to
grow local capacity to enable widespread access to all who require
it. This goal will be achieved through advocacy and collaboration,
and we must be innovative in our thinking as this is an ideal that
can be achieved. Our patients deserve it.
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