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Summary

The landscape of genome editing has dramatically
changed over the recent five years, and evolved from
scientific ideas and laboratory research to multiple clin-
ical applications changing patients’ lives, creating new
commercial opportunities with substantial investments
in the field and notable deals, and societal dilemmas
raising many discussion items for the medical commu-
nity and general public. Today, many of the cutting-edge
R&D efforts, investments, regulatory initiatives, and
ethical discussions occur in this field. In what way can
the market and society keep up with the latest scientific
discoveries, and what is the next big thing to come?

Beyond a certain point, there is no return.
This point has to be reached.
Franz Kafka

In 2017, the global cell and gene therapy market was valued
at USD 6 billion, and it is expected to grow at 21.9% annu-
ally, exceeding USD 35 billion by 2026 [1]. North America
comprises about one-half of this market.

Food and Drug Administration (FDA), the US regulatory
authority, admits ‘a surge of cell and gene therapy products
entering early development, evidenced by a large upswing
in the number of investigational new drug (IND) applica-
tions’ [2]. By the end of 2018, nearly 300 cell and gene ther-
apy products had been in development for the treatment of
more than 100 various diseases, mostly cancer [3]. The vast
majority of these medicines are still in the early phases of
clinical trials. Nevertheless, top market players are active-
ly investing in R&D programs of cell and gene therapies.
Since 2010, there have been 120 venture investments in gene
therapy, with USD 5 billion raised, half of them have been
disclosed since the beginning of 2018 [4]. Notably, unlike
other fields of biopharmaceuticals, the vast majority of in-
vestments (over USD 3 billion) went to companies with only
a platform technology or still at the preclinical stage with no
clinical data available yet, showing the intensity of interest
to this field.

In this essay, I will discuss the opportunities and chal-
lenges of current cell and gene therapy market, recent
approvals and their clinical and economic impact, novel
technologies that are entering clinical trials, and ethical
considerations that some of these technologies and/or
their applications provoke.
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FDA anticipates that by 2020 they will be receiving more
than 200 cell-based or directly administered gene therapy
IND applications annually. Current predictions based on the
existing pipeline and the clinical success rates state that by
2025, FDA is expected to approve 10 to 20 novel cell and
gene therapy products a year [2].

Today, many new technologies enter clinical trials, e.g.,
CRISPR-edited cells for cancer immunotherapy, new gene
therapies for inherited and rare diseases. There’s a potential
to expand indications to the more prevalent diseases, includ-
ing cardiovascular, neurological, endocrine disorders.

Within the last 3 years, there have been several important
first-time regulatory approvals, most of them in the USA and
EU. In 2017, two approvals of CAR-T products opened ac-
cess to a novel autologous T cell immunotherapy approach
for pediatric and adult patients with B-cell malignancies.
Kymriah (tisagenlecleucel) was approved by the FDA and
European Medicines Agency (EMA) for the treatment of
refractory or relapsed B-cell precursor acute lymphoblastic
leukemia in children and for relapsed/refractory large B-cell
lymphoma in adults [5]. It is currently sold in the US by
Novartis at the price of up to USD 475.000. With additional
expenses for hospitalization and supportive care, the costs
would make it up to USD 1 million per patient [6]. Yescar-
ta (axicabtagene ciloleucel) was approved by the FDA and
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EMA for the treatment of relapsed or refractory large B-cell
lymphoma in adults [7], being currently sold in the USA for
USD 373.000 per unit. This product was initially developed
by Kite Pharma, which was eventually acquired by Gilead for
USD 11.9 billion [8].

Despite that the clinical toxicity issues, such as cytokine re-
lease syndrome and neurological toxicities have been mostly
resolved, the financial toxicity of these novel therapies re-
mains an unmet problem for patients and healthcare sys-
tems. The recent study on cost-effectiveness of CAR T cell
therapy in relapsed or refractory adult large B-cell lympho-
ma has demonstrated that, in an optimistic scenario with a
40% 5-year progression-free survival (PFS), axicabtagene
ciloleucel increased life expectancy by 8.2 years at the cost of
USD 129.000/quality-adjusted life year (QALY) gained. Sim-
ilarly, tisagenlecleucel, with a 35% 5-year PFS, increased life
expectancy by 4.6 years at USD 168.000 per QALY gained.
If CAR-T cells will be tomorrow administered by therapeu-
tic grounds to all the US patients, it would increase health
care costs by approximately USD 10 billion over 5 years [9].
Therefore, only substantial price reductions, or alternative
payment scenarios (e.g. based on initial complete response)
would allow CAR T cell therapies to meet a less than USD
150.000/QALY threshold at more modest long-term clinical
outcomes.

Manufacturing is another significant challenge in the field
today. On the one hand, the FDA is working on improving
appropriate guidelines, to ensure easier bridging to more ef-
ficient technologies safely and cost-effectively, without addi-
tional clinical investigations. On the other hand, the contract
manufacturing organizations (CMO), i.e. of viral vectors, are
being acquired by large industrial players to ensure quality
control and the most efficient manufacturing process as well
as to offer a wider range of the CMO services to their clients.

Among the latest approvals of gene therapies, the most dis-
puted one was a novel Novartis drug, Zolgensma (onase-
mnogene abeparvovec-xioi), developed by AveXis for the
treatment of pediatric patients with spinal muscular atrophy
(SMA). This most expensive drug priced at USD 2.1 million
caused a lot of discussions because of the unprecedented
follow-up story of uncovered data inaccuracy submitted to
FDA [10]. The long-term consequences of this story are yet
to be expected.

Ethics around the cell and gene therapy is increasingly be-
coming another important element characterizing this field.
The first gene-edited babies in China, followed by the state-
ment from a Russian scientist [11] led to the worldwide at-
tention of the scientific community and the call for a mora-
torium on clinical uses of germline gene editing.

In the meantime, the Nuffield Council on Bioethics pub-
lished a report on the social and ethical issues raised by the
use of genome editing ‘as a technology that could influence
inherited characteristics in humans’ [12]. It concludes that
"the potential use of heritable genome editing interventions
to influence the characteristics of future generations could
be ethically acceptable in some circumstances” as long as it
is intended for the good of a person who will be born, and it
does not increase disadvantage, discrimination, or division
in society.

92 CTT JOURNAL | VOLUME 8 | NUMBER 4 | NOVEMBER-DECEMBER 2019

EXPERIMENTAL STUDIES I

Many scientists and entrepreneurs believe that no mat-
ter how hard regulations are, technology advent cannot be
stopped. However, only few patients, if any, would voluntari-
ly agree to become a victim of unregulated research. Human
history has already learned this lesson and came to the agree-
ment to protect humanity and devote research to its welfare.
The non-return point has been reached, and new technolo-
gies will definitely keep emerging. Our main task today is to
make sure that the benefit-risk ratio remains positive on the
patients’ side.
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| WUrpa reHoMoB: npopo/mKeHue cieayet

Kpucruna A. 3akypaaesa

Doup mopmepKKY HayIHBIX MccnenoBanmit B oHkomornu (Pak®onx), Mocksa, Poccus

B aTom acce 6yayT 06Cy>KHaTbCA BO3SMOXXHOCTI U TPY-
HOCTJ COBPEMEHHOTO PBIHKA KJIETOYHOI VI T€HHOII Te-
pammy, MocClefHre OfoOpeHMs M MX KIMHWYeCKye I
9KOHOMMYECKIEe HOC/IEfICTBA, HOBbIE TeXHOIOTUM, KO-
TOpbIE TPAHCVMPYIOTCA B KIMHNYECKIE UCCTIeOBAHN,
VI 9TIYECKIIe BOIIPOCHI, KOTOPbIE BBI3HIBAIOT HEKOTOPBIE
VI3 9THX TEXHOIOTWII M/ VIV VX IIPYMEHEHe.

Pe3slome

3a mocyenHIe ATD JIeT 06/1acTh pefaKTUPOBAHMSA Te-
HOMa KapAMHAJIbHO M3MEHMIAch U TpaHCHOPMUPOBa-
JTach 113 HayYHBIX Ufieil 1 TabOpaTOPHBIX MCCIeOBAHIA
B MHOTOYVC/IEHHbIE K/IMHUYECKIe IPYMEHEeHN s, MeHsI-
IOLIIJe JKM3HD IALMEeHTOB, HOBble KOMMepYecKie BO3-
MOYXHOCTY C CYI[eCTBEHHBIMM MHBECTUIVISIMUA B 0071a-
CTU U 3aMETHBIMU CHIeIKAMU M COL[Mia/IbHbIE JVIEMMBI, Kﬂl’O'-lEBble CJ10Bd

MO HMMAIOLIVIe MHOXKECTBO BOIIPOCOB IIepes MeAMIIH-

CKVIM COOOIIeCTBOM ¥ LIMPOKOJ OOIIeCTBEHHOCTHIO. PepaxtupoBaHye reHOMa, MHBECTHUINM, PBIHOK, JCCIe-
CerofiHs1 MHOTVIE U3 CaMbIX II€PEIOBBIX MCCIIeIOBAHMI AOBaHMA M Pa3pabOTKM, STHKA.

U pa3pabOTOK, MHBECTMLIMIL, PETYAIATOPHBIX VHMUIV-

aTMB ¥ 9TUYECKUX [VICKYCCUII IPOUCXOMSAT VMEHHO

B 3TOJ 06nacTi. VITaK, MOTYT /M PBIHOK ¥ OOIIECTBO

MATY B HOTY C IOC/IEAHVIMI HayYHBIMM OTKPBITUAMI, U

4TO OyneT ganplie?
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