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The announcement in late August that the US Food and Drug
Administration (FDA) approved Kymriah (tisagenlecleucel),1 an
autologous chimeric antigen receptor (CAR) T-cell suspension
targeting CD19 malignancies, raises tremendous hopes as well as
uncertainties in patients and the medical community. Tisagenle-
cleucel is the first of its kind to reach the market, although the
European Medicines Agency (EMA) and FDA have approved other
types of human cell-based therapies in the past. As most
previously authorized cell and gene therapies were met with little
commercial success thus far, all stakeholders will scrutinize the
fate of the newcomer.
Over the past 5 years, clinical evidence has accumulated

showing that genetically engineered autologous or allogeneic
T cells expressing a CAR can exert potent and durable antitumour
activity in severely ill patients affected with advanced CD19+

lymphoid malignancies, including recipients of allogeneic hema-
topoietic cell transplantation who relapsed post transplant.2–8 In
addition, an increasing body of evidence suggests that CAR-T cells
can also be effective when targeting other tumour antigens
expressed on other categories of blood malignancies, such as
B-cell maturation antigen in multiple myeloma.9

Autologous CAR-T cells are a true example of ‘personalized
medicine’ as each medicinal product is prepared for a designated
recipient. This is typically how hematopoietic cell transplants have
been delivered over the past 60 years, based on an organization
that largely involves local networks of expertise associating
professionals experienced in specific clinical care, cell collection
and cell-processing activities. Although the concept of central
manufacturing of medicinal products, manufactured by pharma
companies from a unique and variable apheresis product
collected at an academic facility, initially raised some scepticism,
studies such as the ZUMA-1 trial have unequivocally demon-
strated that logistical issues could be resolved,10 at least to the
extent that academic centres meet certain standards in terms of
cumulated expertise, organization and quality management.
Whether central manufacturing will be financially sustainable
remains to be demonstrated, as in the absence of batch
manufacturing, there is little room for cost reduction associated
with mass production as can be seen for conventional drugs.
Early reports of these exciting results reflect the sustained

commitment and collaboration of high-profile academic institu-
tions based in the United States of America with biotech or
pharma industry, paving the way for marketing authorization and
commercialization. As expected, the first marketing authorization
was delivered by the US competent authority. Surveys of ongoing
clinical trials designed to evaluate CAR-T cells for various
indications—now entering the field of solid tumours—show
sustained activity in north America and in Asia, with research
groups and commercial companies exploring new indications,
new targets on tumour cells, new designs for CAR and new ways
to genetically modify T cells, allowing for highly versatile
technology and seemingly endless avenues to optimize clinical
applications.
Through the publication of the 2007 regulation on advanced

therapy medicinal products11 Europe had designed a regulatory
framework for this new category of medicinal products (CAR-

T cells will fall into the subcategory of ‘gene therapy medicinal
products’). Although the regulation appeared as a smart and most
welcome anticipation of an evolving field when it was released, it
has so far largely failed to meet one of its objectives, that is, to
accelerate or facilitate access of these innovative therapeutic
options to European citizens. Indeed, clinical activity in the field of
CAR-T cells remains relatively modest across member states and
neighbouring countries,12 with many academic centres waiting for
approval of their participation as co-investigators in industry-
sponsored trials, and relatively few biotech companies originating
from the scientific community established on our continent.
Access of European patients to CAR-T cell therapy is unlikely to

improve when the Committee for Human Medicinal Products
delivers the first positive opinions and EMA approves the first CAR-
T cell therapies. Following FDA approval, Novartis announced a
price tag in the range of 475 000 US$ for Kymriah. This does not
include the cost of patient care in the weeks following
administration, including those of lympho-depleting chemother-
apy, and the management of potentially severe complications,
such as cytokine release syndrome or neurological toxicities,13 that
may add up 150 000–200 000 US$ on top of the drug price. The
price is way above the cost of an allogeneic transplantation in
European countries, way above the already inflated price for
immune checkpoint inhibitors and likely represents more than the
average lifetime household assets in most developed countries,
not to mention low-to-middle-income countries. A growing
number of reports were recently published looking at costs of
newly developed drugs, drug combinations and the financial
burden for patients as well as globally.14,15 Negotiations between
CAR-T cell manufacturers and health-care payers are likely to be
harsh and lengthy and will inevitably lead to more or less stringent
restrictions and delayed access for patients who are in immediate
need. In this context, careful selection of candidate patients and
accurate clinical and biological monitoring of efficacy and
toxicities are required to avoid wasting resources. Moreover, post-
marketing long-term follow-up of recipients in which these living
drugs persist for extended periods of time is likely to be
mandatory. The transplant community handling complex proce-
dures on a daily basis is well prepared to meet these challenges. It
relies on strong interactions across different fields of expertise as
needed to oversee all aspects of CAR-T cell administration. Indeed
this community has built a culture of quality assurance, self-
reporting and evaluating efficacy and side effects associated with
the constant flow of innovations that were introduced in the field
of hematopoietic cell transplantation over the past 60 years. The
EBMT registry—containing data on more than half a million
transplant cases—serves as a model for other medical disciplines
as also recognized by authorities, such as EMA.16 Finally, the
transplant community was a pioneer in deploying quality
management to foster excellence and promote harmonization in
the delivery of a complex therapeutic procedure, as exemplified
by the accreditation process that demonstrates compliance of
transplant programmes with the FACT-JACIE International Stan-
dards for Hematopoietic Cellular Therapies. Indeed, the FDA and
the manufacturer of tisagenlecleucel have warned that Kymriah
would only be available at selected centres registered with the
competent authority; criteria to identify these centres are likely to
include all or most of the above characteristics and must take into
account the needs to satisfy both adult and paediatric needs.
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The introduction of CAR-T cells may represent a true revolution
for some patients affected with severe or poor prognosis
malignant diseases. However, a number of obstacles need to be
overcome before these personalized therapies deliver their full
promises.17 Predicting efficacy, managing toxicities, identifying
organizational and technical solutions to lower costs, promoting
original reimbursement solutions through discussions with
manufacturers, regulators, payers and patients associations,
maintaining the capacity of the academic sector to pursue
relevant preclinical and clinical research in the field will all be
needed to improve accessibility and affordability. This new era will
also require open and ongoing dialogue between authorities and
health-care experts to ensure well-informed discussions. The
transplant community is well prepared to deal with such issues by
taking advantage of its long-standing and multidisciplinary
experience. It should see this extraordinary challenge as a way
to rejuvenate the cellular therapy field.
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