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Successful market access for gene thera-
pies - strategic challenges and possible
solutions

1. The advance of gene therapies and the resulting chal-
lenges

Gene therapy - what is it?

The German Research Foundation (Deutsche Forschungsgemeinschaft, DFG)
defines gene therapy as the use of gene transfer to introduce genes into cells
ortissue, with the goal of utilizing the functions of these genes to provide ther-
apeutic or preventative benefit. Genes are introduced into cells or tissue with
the help of what are known as vectors (Figure 1). In genetic engineering, a
vector is a means of transport generally made up of the four DNA building
blocks: adenine (A), thymine (T), guanine (G) and cytosine (C). Genetic ther-
apy contexts often refer to viral vectors - virus particles that have undergone
targeted modification and adaptation to allow transmission of genetic material
into cells and tissue. Only somatic gene transfer (introduction of genetic ma-
terials into cells) is permitted in Germany; geneticinterference with germ line
cells is prohibited under Section 5 of the Embryo Protection Act (ESchG). Eqg
and sperm cells develop in the germ line, and genetic modifications within it
would be passed down to the offspring, which could have irreversible conse-
quences. The German Genetic Engineering Act (GenTG) also create a framework
intended to protect humans, animals, and the environment against the harm-
ful effects of genetic engineering processes and products, while also establish-
ing an ethical framework for genetic engineering research, development, and
testing.

The gene therapy field fo-
cuses on somatic gene trans-

fer
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Figure 1: Schematic presentation of a somatic in vivo and ex vivo gene therapy us-
ing viral vectors. Source: SKC

Viral vectors, such as retroviruses, lentiviruses, adenoviruses, or adeno-asso-
ciated viruses (AAV) form the basis of modern gene therapy; they have been
used in experimental treatments since the 1980s, and have been approved by
drug regulation authorities for sale since 2012 (Glybera®, the first gene ther-
apy approved by the EMA). Numerous other highly innovative “surgical tools”
that also work on the molecular level are still in the development stage. But
although genome editing technology has only blossomed some 30 years after
virus-based gene therapies were first used, its development has progressed
rapidly thanks to the availability of new (bio-)medical technologies. Gene ed-
iting procedures using zinc finger nucleases, TALENs (transcription activator-
like effector nucleases), and CRISPR/Cas9 (clustered regularly interspaced
short palindromic repeats; CRISPR-associated proteins) have a great deal of
scientific potential, and are in the process of revolutionizing the field of gene
therapy. CRISPR/Cas9 technology allows scientists to modify genetic material
within cells (to add, eliminate, or correct certain genes or gene segments) in a
more time-saving, highly selective, precise, and cost-effective manner than
was possible using previously available methods. Patients with hereditary
conditions, in particular, will greatly benefit from the new methods in the fu-
ture. Nowadays, scientists are continually publishing new information in re-
nowned scientific journals like Nature, demonstrating what impressive poten-
tial gene editing technologies hold in the field of medical applications. Yet
here, too, the question remains as to how faris too far with these new methods
- for exampleinterveningin patient germ lines without their consent, and with
no way of reversing the procedure or the changes associated with it. Thus, in
order to create a uniform, transparent understanding of which procedures are

Genome editing technologies
have a great potential, which
is currently being researched
and tested




allowed or forbidden, the scientific community has called repeatedly for the
creation of a voluntary international moratorium, with the goal of defining all
forms of molecular-genetic procedures on the human germ line more clearly,
and preventing these to the greatest possible extent (“Human gene editing -
Toward responsible evaluation of a new technology”, from the International
Working Group Genetic Engineering Report (IAG) by the Berlin-Brandenburg
Academy of Sciences). While germ line therapies are generally prohibited and
punishable by law in Germany, researchers in China and America, among other
places, are already using genome-editing tools to modify genetic material in
human embryos - a practice that has not gone uncriticized. As with germ line
therapy, somatic gene therapies entail a certain degree of uncertainty with re-
gard to long-term risks, which have yet to be explored extensively. Since ge-
netic surgery in general involves both opportunities and risks (and, accord-
ingly, has both proponents and opponents), it remains to be seen which side
of the coin will play the greater role within the international scientific commu-
nity in the future, without losing sight of ethical justifiability or therapeutic
goals (treating and preventing illness and disability).

The world’s first therapy based on gene alteration was approved for use in
China back in 2003. Gendicine®, a genetically modified adenovirus developed
to treat tumors in the ear, nose, and throat area, was approved on the basis of
primary phase I and II studies — which, at the time studies began (prior to
1999), was still sufficient to apply for approval there. In Europe and America,
however (and, since 1999, in China as well), completed phase III clinical trials
are usually required for gene therapy approval. In July 2012, Glybera® (ali-
pogentiparvovec) by UniQure, and Chiesi after having obtained marketing
rights, making it the world'’s first gene therapy approved on the basis of phase
IT/III studies. The gene therapy has EMA (European Medicines Agency) ap-
proval in Europe as a treatment for the metabolic disorder lipoprotein lipase
deficiency; it uses AAV vectors to replace the lipoprotein lipase (LPL) gene in
affected patients, whose LPL does not function correctly. Approval for Glybera®
was not extended - due to the small number of patients, among other reasons
- such that it was withdrawn from the European market in October 2017; the
application for approvalin the United States was withdrawnin 2015. It was not
until December 2015 that Imlygic®, a weakened herpes simplex virus type 1
(HSV-1), became the next gene therapy to receive approval. Imlygic® is indi-
cated for the treatment of adults with unresectable, locally or remotely meta-
static melanoma without bone, brain, lung, or other visceral involvement. In
May 2016, Strimvelis® became the first ex vivo gene therapy using autologous

The first gene therapy ap-
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Glybera®

in

Europe

was




stem cells to receive EMA approval. Strimvelis® is indicated for use in children
with adenosine desaminase severe combined immunodeficiency (ADA-SCID)
who cannot find matching stem cell donors. This was followed by the first CAR-
T cell-based therapies to receive approval from the US Food and Drug Admin-
istration (FDA): Kymriah® (tisagenlecleucel), by the Swiss pharmaceutical
company Novartis (approved in August 2017), and Yescarta® (axicabtagene ci-
loleucel) by Gilead Sciences (approved in October 2017). Both therapies re-
ceived an EMA approvalin August 2018 and are based on anti-CD19 CAR-T (chi-
meric antigen receptor) cell therapy, which uses genetically modified immune
cells (T-lymphocytes, or T-cells) from the patient’s own body to detect and
eliminate cancerous cells. Kymriah® is used to treat aggressive forms of acute
lymphatic leukemia (ALL) in children and young adults up to the age of 25;
Yescarta® is indicated for adults with recurrent and refractory diffuse large B-
cell lymphoma (DLBCL, a non-Hodgkins lymphoma, or NHL) who have not re-
sponded to at least two other treatment methods. About a year later (May
2018), Novartis’ Kymriah® obtained FDA approval with status Priority Review for
a second indication, as a treatment for adult patients with recurrent and re-
fractory diffuse large B-cell lymphoma (DLBCL) who are not suited to, or re-
lapse following, an autologous stem cell transplant. Kymriah®/is also undergo-
ing accelerated assessment by the European Medicines Agency as a treatment
for both children and young adults with recurrent/refractory B-cell ALL, as well
as for adults with r/r DLBCL who are unsuitable for autologous stem cell trans-
plantation. At the end of last year (December 2017), Luxturna® (voretigene
neparvovec-rzyl) by Spark Therapeutics received FDA approval, making it the
first directly applied (in vivo) gene therapy approved to treat a genetic illness
caused by a defined mutation. Almost a year later, in November 2018, Lux-
turna® was also approved in Europe. The therapy is an AAV vector which trans-
ports a corrected version of the RPE65 gene into the retinas of patients with
hereditary retinal dystrophy resulting from mutations in the RPE65 gene, thus
improving their vision. Zynteglo™ (betibeglogene autotemcel) was approved
by the EMA in May 2019 and is indicated for the treatment of patients with
transfusion-dependent R-thalassemia (TDT). Until now, Zynteglo™ has not yet
been approved in the US and is thus the first gene therapy to be available on
the European market only. In June 2019, Zolgensma®(onasemnogene abepar-
vovec-xioi), a recombinant adeno-associated virus-based gene therapy indi-
cated for the treatment of pediatric patients less than 2 years of age with spinal
muscular atrophy (SMA), was approved in the US. The therapy has also recently
been approved in Europe (May 2020).

In the US, Kymriah® became
the first CAR-T cell therapy to
receive approval

With Luxturna® gene thera-
pies have also begun con-
quering the field of ophthal-
mology




Challengesinvolved in the development and introduction of gene therapies

The number of gene therapy products in the pre-clinical and clinical stages has
doubled in the past several years. Several individual fields, such as oncology
(cancer treatment) and treatment of hematological diseases, have emerged as
preferred areas of potential gene therapy research; many such treatments are
already in advanced phase II and III clinical trials (Figure 2). Analysis shows
that, in addition to large pharmaceutical companies like Novartis, and Pfizer,
a growing number of smaller companies are specializing in gene therapy prod-
ucts. Most new projects begin at small companies with risk distribution-based
business models. Once a proof of concept has successfully been demonstrated,
these projects are sometimes taken over by more established companies, as
was the case with Luxturna®. Moreover, pharmaceutical companies also have
at least twice as many phase I/II studies in the pipeline, with a focus on gene
and cell therapies that will move to phase III within the next several years.

Gene therapies in Phase I1/111
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Figure 2: Numbers and indication of gene therapies in phase II and III. Analyses have
shown, that more than 50% of gene therapies are developed for the treatment of oncological
diseases and R&D as well as distribution is often under the lead of big pharma companies
and young ambitious companies in the USA. Besides oncological diseases, hematological
treatments are also found in the further advanced clinical trials. Source: www.clinicaltri-
als.gov, SKC-Analysis. This information is provided without liability.

The FDA and the EMA have already approved five one-time gene therapies be-
tween them, although no uniform regulations are currently in place to clarify
how usage of these one-time therapies is to be regulated or monitored, nor
how they are to be covered by insurance. The costs associated with developing,
implementing, and completing clinical trials for these products are enormous,
which raises questions regarding adequate reimbursement and also poses new

The most significant chal-
lenges are in relation to evi-
dence and adequate reim-
bursement




challenges for both pharmaceutical companies and payers. Given the rarity of
the diseases in question and the fact that gene therapy approaches have not
yet been extensively evaluated, new requirements have arisen in terms of ap-
proval processes in Germany, particularly the AMNOG [Arzneimittelmarkt-Neu-
ordnungsgesetz (Pharmaceuticals Market Reorganization Act)] process (phar-
maceutical product benefit assessment and subsequent price negotiation)
(Figure 3).

Methodical
requirements
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Figure 3: Challenges in the approval and benefit assessment process of gene therapies.
Often a multitude of uncertainties regarding the studies and available data but also the lack
of persons involved are a combined challenge, not only for pharmaceutical companies but
also for the authorities and payers involved in the processes. Source: SKC-Analysis

In 2016, the US Institute for Clinical and Economic Review (ICER) identified
three key obstacles facing gene therapies. The first of these is the issue of gen-
erating evidence. Orphan drugs are often faced with limitations in this regard
due to the very low number of potential patients; the fact that placebo controls
are sometimes not ethically justifiable (e.g., Glybera®, 60 painful injections
per one-time treatment), resulting in single-arm study designs; and study de-
signs being too short to research long-term safety and efficacy, resultingin a
lack of data in this regard. Assessing therapeutic value represents another
obstacle. Do the therapies offer added value by providing potential healing
that will improve patient quality of life, reduce the need for alternative thera-
pies, and increase productivity? How can this added value be measured, and at
what pointis adequate assessment of this value possible? As yet, sufficient ev-
idence is not yet available on these assumptions that would allow a conclusive

In the field of gene therapy,
demonstrating the value of
the therapy is of essential im-
portance




assessment of gene therapy compared to alternative therapeutic options. De-
terminations of whether a product has “particular value” can be made for small
groups of patients based on the severity of the condition, the time of its devel-
opment, the burden it represents, the individual development costs per pa-
tient (as in the case of autologous CAR-T cell therapies, for example), and the
return on investment. In addition to difficulties with generating evidence and
assessing the value of individual therapies, affordability is also playing an in-
creasingly important role in the field of innovative therapies; this topic will be
discussed in more detailin a later section.

Genetherapies also need to be integrated into the existing requlatory network,
or else new regulations need to be established under which gene therapies can
be introduced and covered. The key to the success of future therapeutic ap-
proaches lies in finding new strategies for bringing innovative forms of therapy
in line with regulatory institutions and the reimbursement system. Overall,
gene therapies raise a number of critical issues as regards regulatory require-
ments as well as reimbursement, particularly when used to treat rare condi-
tions; in order to ensure a successful launch both in Germany and worldwide,
these issues need to be considered during the pre-launch phase:

= The small number of patients, who will need to be identified (specific
diagnoses are often difficult) and recruited (treatment is usually only
symptomatic);

= The fact that many of these medical conditions are not well-known,
meaning that the unmet medical need will need to be established and pre-
sented especially early on in the process in order to maximize awareness;

= The small number of (clinical) experts in the specific area of expertisein
question, though itis important to win these over and involve themin the
ongoing process as early as possible;

= The limited amount of data often available at the time of market launch,
especially as regards evidence of the safety and efficacy of the therapy
(one-armed study design, phase II studies, short monitoring periods,
etc.);

= The methodological requirements on clinical studies, such as numbers of
clinical trial subjects, a system for categorizing severity of the condi-
tion, or the need to incorporate validated patient-relevant endpoints;

= The one-time but usually extremely high cost of applying the therapies;

= The current reimbursement systems in Germany and around the world;

= The lack of successful precedents to provide orientation for authorities
and businesses.

Successfully obtaining mar-
ket access for gene therapies
entails a variety of challenges




In light of this wide range of challenges, this document will present the posi-
tions relevant to the approval and reimbursement of gene therapies at the na-
tional and international levels, and then build upon these positionsin order to
identify the strategic options and room for maneuver available. From the per-
spective of the pharmaceutical company as well as those of the payer, the ap-
proval authorities, and the national agencies, it seems logical to use a collab-
orative approach when adjusting or re-developing reqgulations and systems in
response to the future challenges posed by these new, innovative therapies, in
order to guarantee that patients receive optimum care.

2. Regulatory considerations

With many rare medical conditions and several very serious, i.e., life-threaten-
ing illnesses, there is still a high unmet need for curative treatment options.
This increases the willingness to approve such therapies and bring them to
market as rapidly as possible (even on the basis of a smaller amount of evi-
dence), albeit while taking into account the special characteristics of the ther-
apies. Companies planning to conduct gene therapy studies should thus enter
into dialog with regulatory authorities as well as insurance providers early on,
in order to discuss optimum study design and address related issues, such as
the question of satisfactory results and outcome measures. Although random-
ized clinical trials (RCT) represent the gold standard for clinical trials, the lim-
ited number of study participants and the occasionally invasive procedures
that would be necessary on control-group patients often make them difficult
to implement in gene therapy studies. Since RCTs are not always possible,
adaptive study designs, randomized evaluations, and cross-over studies are
proposed. As with regular trials, gene therapy studies pose questions of poten-
tial late-onset adverse effects as well as of long-term efficacy (durability),
which cannot yet be identified and investigated over the course of the short
studies. These limitations play a role in the high level of uncertainty surround-
ing these clinical trials in terms of efficacy, benefits, and safety.

Various authorities have already begun working — some of them quite inten-
sively - to investigate potential new design requirements on gene therapy clin-
ical studies, in order to identify and implement any necessary adjustments to
the existing directives and guidances. The following section provides a brief
summary of the adjustments previously planned and implemented at the na-
tional (PEL, BfArM, DFG, G-BA) and international (FDA, EMA, NICE) levels.

Early dialog among stake-
holders seems particularly
advisable in the case of pio-
neers in the field of gene ther-

apy




In America, the Department of Health and Human Services (DHHS) is respon-
sible for monitoring clinical studies. Other organizations operating under the
umbrella of the DHHS include the Office for Human Research Protection
(OHRP), the FDA, and the National Institute of Health (NiH)’s Office of Biotech-
nology Activities (OBA). The FDA serves as the primary legislative supervisory
authority onissues of American public health, and thus oversees the safety and
efficacy of medical products before they become available to patients. Specifi-
cally, and among other things, the protocols submitted by (for example) phar-
maceutical companies for purposes of investigation and application for market
approval of gene therapy products (GTP) are subject to review by the Recombi-
nant DNA Advisory Committee (RAC), which is organized within the OBA. The
market approval process for novel gene therapies is faced with particular reg-
ulatory challenges due to their novelty, and due to the still unidentified risks
associated with such therapies. In the USA, the regulation of therapeutic prod-
ucts is under the jurisdiction of the FDA, specifically the Center for Drug Evalu-
ation and Research (CDER) or the Center for Biologics Evaluation and Research
(CBER), with the latter being responsible for the field of gene therapy. Within
the CBER, in turn, the Office of Tissues and Advanced Therapies (OTAT), for-
merly the Office of Cellular, Tissue, and Gene Therapies (OCTGT), is responsible
for the regulatory supervision of gene therapy products and the adoption of
regulatory guidances. Biological products (“biologics”), which include GTPs
and other products with similarly increased risk potential, are regulated under
Section 351 of the Public Health Service Act, or PHSA, which is why they are
often referred to as “351 products”. However, before a gene therapy can be
clinically tested in order to obtain market approval, an investigational new
drug (IND) application must be submitted and an Institutional Review Board
(IRB) must grant permission for studies to be conducted on patients. Studies
and all related process steps must be carried outin accordance with good man-
ufacturing, tissue, and clinical practices (GMPs, GTPs, and GCPs). Gene therapy
products can only be marketed following submission and approval of a biolog-
ics license application (BLA) on the part of the pharmaceutical company or the
FDA. Along the way, the FDA provides the companies with guidances which,
among other things, are intended to provide assistance with clinical gene ther-
apy studies. The CBER also offers companies scientific and regulatory consul-
tation [INTERACT (INitial Targeted Engagement for Regulatory Advice on CBER
ProducTs) meeting, Pre-IND meeting, etc.] so that they can address open ques-
tions and potential obstacles early on in a targeted manner.

Marketing and approval of
gene therapies in the USA re-
quire submission of a BLA (bi-
ologics license application)




Genetherapies are faced with several special challenges beyond those involved
with “conventional” pharmaceuticals (see Figure 3), such that the approval
process necessarily differs from the one for conventional therapies. GTP pro-
duction must be clearly defined, and must be carried out on the basis of stand-
ardized processes; the safety of the therapy plays an essential role both during
product development and after approval. Gene Therapy Regulation: A Proactive
Approach was published in 1996, and names the FDA, the NIH, and its subcom-
mittee, the RAC, as the regulatory institutions for gene therapy research and
application. The fundamental regulations on gene therapies are similar to the
ones on those conventional medical products falling under the category of bi-
ologicals. One key difference, however, lies in study design: gene therapy stud-
ies are permitted to involve sick subjects (as opposed to healthy subjects) in
phase Itrials in order to investigate the safety and efficacy of the product. The
reasons for this include, in particular, the presumably unknown risk posed by
the therapies. It also enables scientists to collect preliminary evidence early
on regarding the bioactivity of the gene therapy product (Considerations for
the Design of Early-Phase Clinical Trials of Cellular and Gene Therapy Products
- Guidance for Industry, 2015).

An overview of several existing gene therapy-specific guidances is provided
in summary form in Table 1, covering key issues such as product safety (tox-
icity, immune responses, safety of the gene transfer and the mechanism per se,
time the virus remains in the body, analysis of genetic integration sites, mon-
itoring long-term risks), product purity and efficacy, product homogeneity,
and FDA regulation compliance. Biologicals are regulated using a scientifically
based, risk-based approach, making it possible to determine the extent to
which the criteria can be upheld. Conversely, gene therapy products, which in-
volve a potentially greater risk profile for side effects, are subject to stricter
controls. More detailed information and original guidance documents are
available on the FDA homepage under Cellular & Gene Therapy Guidances.

GTPs are often the only therapeutic option available to patients with rare or
life-threatening conditions. In order to give these patients quicker access to
what may be life-saving therapies, the FDA has developed four accelerated ap-
proval process programs for products that represent treatment options for se-
rious illnesses: fast track designation, breakthrough therapy designation, pri-
ority review designation, and accelerated approval. Section 3033 of the 21st
Century Cures Act for cell and gene therapies recently also made available the
option of classification as a regenerative medicine advanced therapy (RMAT
designation). The prerequisite for this is that the therapy be designed to treat

Sick test subjects can be in-
volved in gene therapy stud-
ies from Phase I onward

Biologicals are regulated
based on a scientifically
based, risk-based approach

Gene therapies for serious ill-
nesses can undergo acceler-
ated approval processes in
the USA




a serious or life-threatening condition, and that preliminary clinical evidence
indicates that the product could cover the existing unmet medical need (Figure
4). Thus far, roughly 15 gene therapy products have been granted RMAT status
and thus gained access to the accelerated FDA approval process. The first gene
theray was LentiGlobin (Zynteglo™) from the US company bluebird bio, used
to treat R-thalassemia (a rare genetic condition causing a reduced production
of hemoglobin). Zynteglo™ has already been approved by the EMA, and the FDA
approval is expected in the second half of 2020. Unlike other fast-track pro-
cesses, RMAT therapies need no evidence to show that the product represents
a significant improvement over existing products. Besides the expedited re-
view programs, medical products treating rare (orphan) diseases can also ob-
tain orphan drug status (“Orphan Drug Designation”). Once a product has re-
ceived orphan drug status, the pharmaceutical company receives aid in the
form of a tax credit of up to 50% of the clinical development costs, a credit to
waive the application fees, and seven years of market exclusivity for the prod-
uctin question.

Expedit development and review of
drugs intended to treat a serious
condition and preliminary clinical
evidence indicating substantial

“ imovement over available therapies

Facilitate development and
expedit review of drugs to
treat serious conditions and
fillan unmet medical need

In contrast to the standard Accelerated approval for drugs for

review of 10 months, the Accelerated serious conditions thatfillan unmet
priority review means the FDA is -

! s Approval medical need on whether the drug
going ?o tak'e qctwn onan I pp_ o has an effect on a surrogate oran
application within 6 months an # intermediate clinical endpoint

Figure 4: Overview - FDA "s expedited programs — Fast Track Designation, Breakthrough
Therapy Designation, Priority Review Designation, Accelerated Approvalincl. the RMAT Des-
ignation for cell and gene therapies (Guidance for Industry - Expedited Programs for Serious
Conditions - Drugs and Biologics). Source: FDA

The regulatory authorities have recognized the medical change and the poten-
tialinherent in innovative therapies, which is why the FDA is in the process of
adapting its traditional ways to develop concepts that fit the requirements on
new gene therapy methods.



New concepts are formed on the basis of scientific standards, and the FDA
hopes to position itself as a bridge rather than an obstacle in their implemen-
tation. In February 2019, a policy concept was developed within the political
framework for regenerative medicine, with the goal of establishing shorter
procedures for gene therapy products. Furthermore, three disease-specific
guidances were published in 2020 to aid companies developing gene therapy
products, and to create a framework delineating the safety and benefit stand-
ards to which innovative products will need to adhere. The CBER regularly pub-
lishes policy agendas presenting documents planned for the coming year; the
hemophilia-specific guidance “Gene Therapy for the Treatment of Hemophilia”
has already been announced. For instance, a guidance on gene therapy for
neurodegenerative diseases has already been announced. Furthermore, the
FDA has taken into account the recent developments in gene therapy and will
publish later this year a guideline on the “Considerations for the Development
of Human Gene Therapy Products Incorporating Genome Editing”. Dr. Gottlieb
reports more than 600 active IND applications falling under the category of
gene therapies. Scientists at the Massachusetts Institute of Technology (MIT)
estimate that around 40 of these gene therapies (of 932 current candidates)
will receive approval by 2022. The assumption is that around 45% of those
products are being developed to treat different types of cancer.

Even after approval has been granted, pharmaceutical companies are still ob-
ligated to fulfill the FDA’s post-marketing requirements. Among other things,
these include documenting and reporting any adverse effects developing after
marketintroduction, as well as complying with additional post-marketing ob-
ligations, such as initiating phase IV clinical trials. The FDA CBER has recently
updated the guidance document on the “Long Term Follow-Up After Admin-
istration of Human Gene Therapy Products”, which now replaces the document
on “Gene Therapy Clinical Trials - Observing Subjects for Delayed Adverse
Events”. This document provides a framework for assessing potential risks and
long-term effects of gene therapy supported by long-term observations made
so far. In addition, the guidance document makes supplementary recommen-
dations on the following subjects:

= The generation of suitable data from pre-clinical and clinical studies to
assess the potential long-term risks of gene therapies;

=  Specificadvice regarding the duration and design of long-term monitor-
ing;
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= Instructions for determining the likelihood that long-term monitoring of
study participants will generate scientifically significant information
and the recommendation to create a registry.

The FDA does not generally insist upon long-term monitoring for gene ther-
apies, meaning thatitis not necessary in casesinvolving, for example, a minor
risk of late-onset side effects developing after one year following gene ther-
apy. However, long-term monitoring is recommended for any gene therapy
study, regardless of the vector or gene modification used. If, over the course
of continuous observation, concerns arise regarding therapy-related risks,
long-term monitoring may become necessary. It is also required if pre-clinical
toxicity studies suggest that transgenic expression could result in late-onset
toxicity; if the modified gene represents a functional replacement of the orig-
inal gene, and the modified gene product is potentially immunogenic; or if
clinical trials suggest that the vector remains in the body or an increased risk
of long-term effects. The latter is a factor because the longer the vector re-
mainsin the cell / the body, the greater the risk of side effects. In addition, for
gene therapy products using the gene editing method, off-target effects in
long-term observations should be carefully monitored.

According to the FDA’s Biological Response Modifiers Advisory Committee
(BRMAC), long-term monitoring should be conducted for a period of at least
15 years, though a shortened monitoring period can be useful in individual
cases, as long as the duration is appropriate to the circumstances of the study
in question. Some study participants may be less suited to long-term monitor-
ing than others, for example due to low life expectancies, generally poor
health, other comorbidities, or the influence of other medications / treat-
ments. The company is obligated to collect and maintain adequate, accurate
medical histories for each and every study participant. The FDA provides rec-
ommendations in this regard as well, for example on what information should
be obtained and documented over the long-term monitoring period. However,
scientists and other interested parties are called upon to provide additional
information regarding the FDA document on long-term monitoring of patients
who have received gene therapy.

The FDA generally recom-
mends conducting long-term
monitoring

Post-treatment ~ monitoring
should continue for a mini-
mum of 15 years




International View - EMA (Europe)

Market Approval Process of Gene Therapy Products - Institutions Involved
in Europe

In addition to somatic cell therapeutics and biologically engineered tissue
preparations, gene therapeutics also belong to the group of advanced therapy
medicinal products (ATMP). The classification of new medical products as
ATMPis conducted by the Committee for Advanced Therapy Medicinal Products
(CAT). These must be approved centrally at the European level so that market
authorization in all member states of the European Union is ensured. The basis
for the approval is Regulation No. 1394/2007. The central approval process is
coordinated by the EMA. Within the process, the benefit/risk ratio is examined
with the involvement of CAT. Here, the CAT is responsible for the initial review
and forwards its approval recommendation to the Committee for Medicinal
Products for Human Use (CHMP), which in turn forwards a recommendation
based on this to the European Committee. The European Committee ultimately
makes the decision about issuing the approval. The procedure and the evalua-
tion by the various committees and the EMA are explained in the “Procedural
Advice on the Evaluation of ATMPs” document; an overview is presented in Fig-
ure 5.
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Figure 5: Overview of the centralized approval process of the EMA (simplified scheme).
During the clock stops within the approval process the pharmaceutical company is able to
address potential uncertainties and identified risks and define their position. Source: EMA,
SKC-Analysis

In general, ATMPs must fulfill the same requirements as “normal” drugs during
the approval process, however, some additional special aspects should also be
taken into consideration. One particular characteristic of ATMPs is, for exam-
ple, that they need to be tracked all the way from the place of manufacture to

The main responsibility for
the approval process at the
EMA is borne by CHMP and CAT




the administration. These data must be kept by the market authorization
holder for at least 30 years. For this reason, the EMA provides scientific advice
on this aspect with regard to the establishment of systems for security surveil-
lance. Furthermore, the EMA also offers the possibility to accelerate the ap-
proval of medicinal products. Hence, an Accelerated Assessment can be ap-
plied for if the product is of great interest for public health, especially with
regard to innovative therapies including gene therapies. If application for an
Accelerated Assessment is granted, the CHMP will evaluate the marketing au-
thorization application within 150 days instead of 210 days. Since March 2016,
the EMA has launched the PRIME (priority medicines) scheme, which enables
an early dialog between the requlatory authority and developers of promising
medicines to optimize plans and speed up the evaluation process so that these
medicines are available to patients earlier. Once a drug candidate has been se-
lected for the PRIME scheme, the developer is assigned a member of the CHMP
or CAT to act as a contact person and provide regulatory guidance prior to sub-
mission of the marketing authorization application. The PRIME scheme also of-
fers the possibility of an Accelerated Assessment or Orphan Designation. In
the latter case, the EMA hopes to create financial incentives for the develop-
ment of therapies for rare diseases by granting developers advice on marketing
authorization, market exclusivity once the drug is on the market and fee reduc-
tions.

Overall, the EMA offers specific guidelines for gene therapy products, of which
two are currently being revised by the EMA. In addition, it should be noted that
an environmental risk assessment is mandatory for gene therapies under Di-
rective 2001/18/EC on the deliberate release into the environment of genet-
ically modified organisms (GMOs). In particular, the first revision of the guide-
line regarding the assessment of the safety and efficacy after successful market
approvaland the risk management of the ATMPs, the draft version of which was
published in February 2018, shows that the increase in gene therapies is also
prompting the EMA to adjust its methods in order to support the pharmaceuti-
cal companies in the development and the approval process and to satisfy the
new requirements. The basis of the guideline is Article 14 (4) of Requlation (EC)
No. 1394/2007, according to which the EMA is supposed to develop a guideline
for the follow-up phase of ATMPs. The revised guideline is supposed to incor-
porate the experience of previous market authorization procedures. The focus
of the revision here is on the following aspects: With respect to the methods

1 The version is currently under revision.
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foridentifying risks and effectively mitigating their consequences for patients,
attention should be paid to identifying these risks as early as possible in order
to be able to incorporate the insights into the entire process. The overarching
goal should be to prevent or minimize risks. With this in mind, work should be
performed using the risk-based approach in order to be able to address the re-
spective safety and efficacy aspects in the risk management plan (RMP) (Figure
6).

> Risk Based Approach
N

Benefit-Risk
Assessment

Figure 6: Risk Based Approach and risk management plan according to the “Guideline
on safety and efficacy follow-up and risk management of advanced therapy medicinal
products” of January 2018. Source: EMA, SKC-Analysis

The risks should be assigned to the four phases — manufacture, handling, ad-
ministration, and clinical follow-up. In particular, risks related to quality char-
acteristics, storage, and distribution (risks regarding the transmission of dis-
eases, tumorigenicity, storage, transportation, and distribution) must be ad-
dressed during the manufacture, whereas risks related to patient-associated
diseases or comorbidities, as well as potential interactions with other medica-
tions (unwanted immunogenicity; risks associated with intended and unin-
tended genetic alterations of the patient’s cells; early and late consequences
of transplants, differentiation, migration, and proliferation; risks associated
with infection from vectors used in gene therapy; risks related to clinical fol-
low-up care, e.g., immunosuppression, orin order to treat potential complica-
tions) have priority during handling. By contrast, risks of administration re-
late to the medical or surgical procedures and/or the administration of the
medication (infusion, transfusion, implant). By contrast, the clinical follow-
up is given a special significance. Here, the focus is on, for example, late com-
plications such as the occurrence of malignancies or acquired autoimmunity.

The potential risks of gene
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facture, handling, admin-
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Generally speaking, applicants, meaning the pharmaceutical companies where
applicable, must ensure the acquisition of additional safety and efficacy data
even after market approval. This can be done via extension studies, addi-
tional clinical studies, as well as via registry data. It should be noted here
that while observational studies are more likely to take place than randomized
controlled trials, overall thereis stilla general desire for a high level of internal
validity. This can be achieved, for example, by including control groups, such
as an untreated or placebo-treated group. When clinical trials are initiated,
various approaches to study design and analysis should be included in order to
ascertain early or late complications as wellas to be able to document a gradual
increase or decrease in efficacy over time. Itis necessary that these dynamics
are taken into account in the planning of such follow-up studies. Here, the
studies should be designed according to the specific characteristics of the
product, and not according to the general characteristics of the product clas-
sification. When initiating the follow-up study, the aspect of the reality of care
must be taken into account and therefore generation of registry data seems
reasonable and becomes a requirement, in particular, for results regarding
long-term efficacy, for example, in order to document the maintenance of clin-
ical benefit or healing of the patient. It is important to note that the study
subjects from the phase I studies and participants from compassionate use pro-
grams should also be monitored in order to enable the comprehensive gener-
ation of long-term data. In order to ensure follow-up monitoring, it is recom-
mended, according to the opinion of EMA, to include the HOW of the follow-up
monitoring early on in the process. The pharmaceutical company’s plans, for
example, to set up registries or to use other sources of data for follow-up mon-
itoring, should be sufficiently developed during the pre-launch phase in such
a way as to enable seamless follow-up monitoring after the market access.
Thus, potentially required agreements with other stakeholders, e.g., HTA
(health technology assessment) authorities or patient representatives, should
have already been made by the time that approval has been granted. The rele-
vant guideline specifically for gene therapy approaches is “Follow-up of pa-
tients administered with gene therapy medicinal products” (CHMP / GTWP /
60436/07). A separate follow-up for acquiring data on safety and efficacy is
not required. Instead, it is recommended that additional data acquisition be
consolidated, in particular, once phase IV studies have been set up. The num-
ber of patients, however, is determined by the size of the patient population.
Thus, in a study with a multitude of patients, a subset for the further study pro-
gram may be sufficient if the selection of the subset can be scientifically justi-
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fied. For rare diseases, on the other hand, the “Clinical trials in small popula-
tions” guideline (CHMP / EWP / 83561/2005) can be used as the basis for de-
termining the number of patients to be monitored. No universally valid dura-
tion for the follow-up has been specified; instead this depends on the individ-
ual product. In particular, when a maintenance effect needs to be determined
or demonstrated, or if late onset side effects are probable, a long follow-up
monitoring period is essential. For viral vector-based gene therapies, approx.
15 years are generally estimated, whereby the exact duration cannot be de-
termined until the market authorization has been issued. The overarching
goal of the follow-up is to ascertain the dynamics of the efficacy of the treat-
ment, i.e., the issue of whether a treatment needs to be repeated, and if so,
when thatis. Thus, in the post-launch phase for gene therapy approaches, the
focus is on the sustainability of the efficacy in addition to the monitoring of
immunogenicity, the evaluation of the risk of insertion and a possible activa-
tion of an oncogene in the modified cells as well as the monitoring of the ap-
plication (particularly for in vivo treatments). In order to mitigate risk, addi-
tional aspects can be utilized and submitted as part of the Marketing Authori-
zation Application (MAA) and/or RMP. For example, the treatment location can
be specified (e.g., limited to specialist centers) or the provision of training ma-
terials for healthcare professionals, pharmacists, patients, caregivers, and rel-
atives can be specified.

In anticipation of the revision to this guideline, a multi-stakeholder meeting
planned by the EMA regarding ATMPs already took place in May 2016. The pur-
pose of this meeting was to reveal the various challenges involved in develop-
ing ATMPs such that in-depth research into innovative therapies can continue
to be carried out just as before. During the discussion, a request was made,
among other things, forincreased incentives and regulatory support. This way,
the initiation of ATMP-specific instructions, workshops and training sessions
(e.g., on the comparability of therapies), as well as the promotion of novel de-
velopment tools (organoids, extrapolation, modeling/simulation, bi-
omarkers) could serve asimportant tools for simplifying the process of market
approval for gene therapy approaches. A streamlining of the EMA’s internal
regulatory processes for ATMPs and/or the increased usage of instruments that
enable early access (e.g., PRIME [priority medicines], adaptive pathways, sci-
entific consultations, certification, and HTA-parallel consulting) along with an
overview of the different national requirements of the individual EU states
could be seen as an additional incentive and aid for the pharmaceutical com-
panies. A portion of these proposals have already been implemented with the
revision of the first guidelines and the CAT has also initiated a temporary work-
ing group specifically for gene therapies, which is responsible, among other
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things, for preparing and updating the guidelines and the reflection paper. The
existing regulations, guidelines, and recommendations are summarized in the
appendixin Table 2.

The national authorities responsible for issuing approvals for medicinal prod-
ucts for human use in Germany are the Paul Ehrlich Institute (PEI) and the Fed-
eral Institute for Drugs and Medical Devices (Bundesinstitut fiir Arzneimittel
und Medizinprodukte, BfArM). While the legal basis for the approval of medi-
cationsis reqgulated on the one hand by the EMA at the European level, national
regulations make reference to the German Medicines Act (Arzneimittelgesetz,
AMG), among others. Uniform legal framework conditions for these products
have gradually been created within the European Community. Just like with the
EMA, gene therapies fall under ATMPs in Germany as well and they are likewise
regulated via Regulation (EC) No. 1394/2007 of the European Parliament and
the Council on ATMPs. This represents a supplement to Directive 2001/83/EC
and Regulation (EC) No. 726/2004. The prerequisite to start clinical studies is
approval on the national level by the PEI (Section 4b of the AMG (Special Pro-
visions for ATMPs), Sections 40, 41, 42 [clinical trial]). The PEI Innovation Of-
fice provides scientific and procedural advice to small and medium-sized com-
panies on the permission of clinical trials of ATMPs, therapy concepts, the man-
ufacturing process, non-clinical development as well as national and central
approvals. The PEI's Innovation Office provides scientific and procedural ad-
vice to small and medium-sized companies on the approval of clinical studies
of ATMPs, but also on therapeutic concepts, the manufacturing process, the
non-clinical development and the national and central approvals. The Innova-
tion Office was founded in 2009 with a focus on ATMPs to promptly support
their development and market approvalin Germany.

Since gene therapy drugs represent a new class of drugs that are continually
evolving, regulatory guidelines normally only provide general guidance. The
existing legal framework conditions for the group of biotechnological drugs
are initially adequate for gene therapies. In addition, decisions on studies for
proving the quality, safety, and efficacy of an administered gene transfer drug
usually need to be made on a case-by-case basis since the fields of application,
mechanisms of action, and product classes are often of a different nature.

In Germany, there is the “German Registry for Somatic Gene Transfer Studies”
(Deutsche Register fiir somatische Gentransferstudien, DeReG). This registry
was established in 2001 at the instigation of the German Society for Gene Ther-
apy (Deutsche Gesellschaft fiir Gentherapie, DG-GT) and the Commission for
Somatic Gene Therapy in Freiburg and is supported by the Federal Ministry for
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Education and Research (Bundesministerium fiir Bildung und Forschung,
BMBF). The registry appears to be useful forachieving anincrease in the trans-
parency of gene therapies. The DFG therefore requires registration of the gene
therapy study in the DeReG before approving clinical research projects. Regis-
tering phase I and II gene transfer studies in a central registry has proven suc-
cessful so far, which is why registration shall continue to be a prerequisite to
receive support from the DFG.

In addition to the PEI, the BfArM, and the DFG, other relevant stakeholders of
the German healthcare system are intensively working on gene therapy ap-
proaches and dealing with the associated challenges with respect to the requ-
latory aspects and the reimbursement problem. For example, it wasn’t until
February 2018 that the G-BA (Federal Joint Committee) got together with a few
companies and the PEI to discuss various aspects of this. On April 1, 2020, the
amendment to the Fair Health Insurance Competition Act (Fairer-Kassen-
wettbewerb-Gesetz, GKV-FKG) came into force, stipulating that ATMPs must
undergo a benefit assessment according to Section 35a SGB V instead of the
assessment of investigation and treatment methods according to Sections
135, 137c or 137h. In general, the AMNOG procedure (Figure 7) is definitely
relevant for ATMPs as well and therefore relevant for gene therapies. That
means that pharmaceutical companies are obligated to submit a benefit dos-
sier, whereupon the subsequent price negotiations with the umbrella organi-
zation of statutory health insurance (GKV-SV) takes place (for more infor-
mation on the AMNOG procedure, please see: “White Paper: Orphan Drugs in
Germany - lessons learned from AMNOG, best and worst practices and strategic
implication”).
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Figure 7: Overview of the early benefit assessment process according to § 35a SGB V Drug
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The only exception in this setting is the exemption from the benefit assessment
duetoinsignificance (Section 35a, Para. 1a of the Social Security Code, Volume
Vin conjunction with Section 15 of the Code of Procedure). The prerequisite
for this exception is that the expected costs for statutory health insurers are
less than €1 million within 12 calendar months in the inpatient as well as out-
patient sector. This is a reform from the Pharmaceutical Care Strengthening Act
(Arzneimittelversorgungsstarkungsgesetz, AMVSG), according to which it was
decided that the reimbursement amount also applies to the inpatient sector as
a maximum price and as a consequence, the insignificance threshold also re-
fers to the costs from the outpatient and inpatient sector. To date, for the the
benefit assessment, the same requirements apply as to “normal” drugs, i.e., by
implication, gene therapies with only orphan drug designation receive the ad-
vantages of the benefit assessment associated with this — such as the added
value determined by law, even without comparison against a purposeful com-
parator and a shortened version of the dossier. With respect to a potentially
limited body of evidence, as is often the case with orphan drugs, the G-BA in-
dicates that regardless of indication, treatment option, and supply reality, a
randomized controlled trial represents the gold standard of evidence, how-
ever, registry data can be used as additional evidence. Yet in the scope of the
AMNOG, there is hardly any practical experience. In August 2019, with the Act
for more Safety in Drug Supply (Gesetz fiir mehr Sicherheit in der Arzneimit-
telversorgung, GSAV), the legislator granted the G-BA the possibility to collect
data accompanying the application of orphan drugs or drugs whose approval is
based on low evidence for a benefit assessment. So far, only five medicinal
products have been granted a registration by the G-BA (Asfotase alfa and Sebe-
lipase alfa, Idebenone (EMA requirement), Afamelatonide and Cerliponase
alfa), which led to a conditional decision. Since most gene therapies were ap-
proved on the basis of little evidence and long-term effects of these therapies
could not be clearly assessed at the time of the benefit assessment, it can be
assumed thatin future, creating a registry will become the rule rather than the
exception for gene therapy. Based on the precedents, the following require-
ments from the G-BA for registries can be derived. These are of particularim-
portancein the field of gene therapies:

= Itis recommended that registries are set up prior to the planned market
access;

= Evidence of alternative treatment options must also be collected, either
by incorporating a control group or by making the registry indication-spe-
cificand thus also recording data from patients receiving alternative treat-
ment;



= Ifthere are EU-wide registries, these data (complemented by data from
the German cohort) must also be submitted;

= Dataregarding the disease symptoms and the health-related quality of
life must always be generated;

= Data regarding patient-relevant endpoints that are representative of the
German care context must be collected;

= Registries should be representative samples of the target population, for
(very) rare diseases, the aim should be the inclusion of the complete pop-
ulation;

= Compatibility with existing registers should be checked in order to avoid
duplications.

Gene therapies are often administered only once or over a short period of time.
After the administration, the hope is that it results in a permanent improve-
ment for the severe disease or perhaps even a cure. Below is a brief overview of
the underlying evidence of gene therapies that are already on the market and
a look at how long-term follow-up plans are being implemented.

The case of Glybera®, formerly marketed by UniQure and most recently by Chiesi
GmbH, has shown that approval does not simultaneously guarantee the prod-
uct’s success per se. After the CHMP had previously decided against the prod-
uct, the orphan drug Glybera® then received EMA approvalin 2012 as an in vivo
AAV-based gene therapy for the treatment of adults who have been diagnosed
with familial lipoprotein lipase deficiency (LPLD), and in which severe or mul-
tiple pancreatitis flare-ups have occurred despite a low-fat diet. Its launch in
the individual European countries, however, did not take place until a few
months or years after receiving approval. The assessment of its clinical efficacy
and safety, as well as the approval took place in 2012 on the basis of a total of
27 patients from three interventional, open-label, non-placebo-controlled
phase III studies (CT-AMT-010-01, -011-01 NCT01109498, and -011-02
NCT00891306). The clinical efficacy of Glybera® was primarily determined
based on the reduction of blood lipid levels (reduction in the level of triglycer-
idesin plasma) after a single intramuscular injection of the gene therapy (one
treatment contains approximately 60 individual injections). Further efficacy
analyses were carried out in a retrospective long-term analysis with a median
follow-up duration of 5.6 years among 19 of the study participants. Findings
from this study indicate a reduction in the frequency and severity of pancrea-
titis flare-ups and a reduction in hospital admissions as well as admissions to
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intensive care units. Despite the limited body of evidence, Glybera® was ap-
proved in “exceptional circumstances” due to the rarity of the disease and the
difficulties associated with collecting additional data. In addition, based on
the available data for the patients examined, the benefit of the gene therapy
outweighed the associated risks. The company was required to subsequently
provide additional data from the studies and to establish a patient registry
(NCT03293810) in which information on the epidemiology of the disease and
the demographic data, safety, and efficacy of the patients treated could be
documented in order to monitor patients over the long term.

In Germany, Glybera® was not launched until November 2014. It was only then
that the basis of the first benefit assessment pursuant to AMNOG for a single-
use gene therapy was established. The result of the assessment by the G-BA
showed a non-quantifiable benefit. For a product to have a chance of success
on the international market, it not only needs a clear body of evidence and the
regulatory framework conditions, it also needs a well-thought-out marketing
strategy. In the case of Glybera®, the “annual therapy costs” of just under €1
million per treatment, the treatment of only one single patient, and the lack of
a confirmed efficacy in the end were the main reasons that the therapy was
withdrawn from the market just five years after it received approval.

Strimvelis®, formerly marketed by the GlaxoSmithKline (GSK) pharmaceutical
company and most recently by Orchard Therapeutics, likewise received orphan
drug status for the treatment of patients with severe combined immunodefi-
ciency due to ADA-SCID for which no suitable human leukocyte antigen (HLA)-
compatible stem cell donor is available in the family. The approval of the sec-
ond gene therapy introduced in Europe was based on an open-label pivotal
phase I/II study (NCT00598481, n=18) in children with ADA-SCID who did not
have an HLA-compatible sibling as a stem cell donor and who did not respond
satisfactorily to PEG-ADA and/or did not tolerate this therapy (6 months - 6
years). In this study, an optimal survival rate of 100% after four years was able
to be achieved. The median follow-up duration is 7 years, in which the survival
rate was consistently 100% and the majority of patients have demonstrated a
lasting gene correction in their T-lymphocytes. Despite a few side effects,
which include fever and autoimmune reactions, Strimvelis® is considered well-
tolerated. Normally the disease will resultin death in the first 1 to 2 years with-
out adequate treatment. After a successful administration of the one-time
therapy, the majority of patients did not require any additional long-term in-
terventions (=3 months) such as the administration of PEG-ADA or stem cell
transplants. In addition, the rate of severe infections among patients treated
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in the pivotal study decreased throughout the entire follow-up period. The 20-
minute intravenous gene therapy infusion needs to be performed at what is
currently the only dedicated transplant center in Milan by an experienced phy-
sician. In addition, the patients are subsequently added to a patient registry
in order to monitor potential long-term consequences and efficacy. Likewise,
the basis for recording the long-term safety and efficacy of the Strimvelis®
therapy is a retrospective, non-interventional long-term follow-up study
(NCT03478670), which the companyis obligated to carry out and whose results
must be presented to the EMA. Due to the very low number of patients in this
case as well, itis not possible to make complete statements about the safety of
Strimvelis®. Furthermore, additional long-term observations are required in
order to be able to assess its benefit-risk profile. By using a retroviral vector,
there is a potential risk of developing cancer and autoimmune diseases, alt-
hough no such cases of this have occurred to date. To assess and minimize this
risk, the pharmaceutical company has already started a study (NCT03232203).
A further study (NCT03311074) is planned for the beginning of June 2020. The
aim of the studies will be to evaluate the potential effects of the introduction
of Strimvelis®, such as the activation of oncogenes by a new technique.

The CAR-T cell therapy Kymriah® from the pharmaceutical company Novartis
was approved by the FDA for the first area of indication based on the ELIANA
study (NCT02435849), an open-label, single-arm, multi-center phase II study
to determine the efficacy and safety of CTL019 administered intravenously to
children and young adults (ages 3 to 25) with relapsed or refractory B-cell ALL
(n = 63). Relevant endpoints included overall survival, disease-specific sur-
vival, quality of life, and treatment-related mortality and morbidity. The pri-
mary endpoint was represented by the overall remission rate (ORR) over a
three-month period after administration. Thanks to the therapy, an 83% ORR
was able to be demonstrated in a patient group in which probably fewer than
10% would have survived the first 5 years after diagnosis. In addition, no min-
imal residual disease (MRD, a blood marker that can predict a potential re-
lapse) was able to be detected. Despite impressive scores, therapy was not ef-
fective in eleven patients and 29 patients suffered a relapse after six months.
The median follow-up duration was 4.8 months, after which the expected me-
dian duration of response had not yet been reached. An analysis of the blood
and bone marrow was able to demonstrate that Kymriah® was still present two
years after treatment. Treatment with Kymriah® demonstrated severe side ef-
fects, such as the formation of an immune deficiency and the occurrence the
cytokine release syndrome (CRS), in the majority of patients only eight weeks
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after treatment (79%). However, in contrast to the Yescarta® studies (see be-
low), no patients have died because of the serious treatment-related side ef-
fects to date. Both CRS as well as other neurological events can be life-threat-
ening. Approximately 84% of the patients (full analysis set, n = 68) were still
alive at the last data cut-off. Overall though, according to the regulatory au-
thorities of the United States, the benefits outweigh the risks. Novartis Phar-
maceuticals is sponsoring a (D19 CAR-T cell long-term follow-up (LTFU) study
with the goal of following all patients treated with CD19 CAR-T cells over a pe-
riod of 15 years in order to ascertain the long-term efficacy and safety. In ad-
dition, the retention of the lentiviral vector in the body will be analyzed.

FDA approval of Kymriah® for the second indication in adults with relapsed or
refractory diffuse B-cell lymphoma (DLBCL), a non-Hodgkin’s lymphoma
(NHL), after two or more systemic lines of treatment (who are not eligible for
an autologous stem cell transplant) has been granted (May 2018). In particu-
lar, DLBCL is a form of NHL for which there are only a few treatment options
following non-response to other drugs and a relapse and the patients have an
average survival of approximately six months. The approval after priority re-
view was based on the multi-center pivotal phase II JULIET study
(NCT02445248, n=106), in which patients were treated with Kymriah®in both
outpatient and inpatient settings and the efficacy and safety were analyzed.
This study was able to demonstrate a 50% ORR - the primary endpoint of the
study, a complete response in 32% of the enrolled patients, and a partial re-
sponse to therapy in 18%. Because Kymriah® caused severe side effects in this
study as well, such as CRS in 74% of patients treated with r/r DLBCL and neu-
rological toxicity, the treatment is only available in a limited fashion for both
indications as part of a Risk Evaluation Mitigation Strategy (REMS) program in
order to detect and counteract side effects as quickly as possible.

After the FDA, the EMA assesses Kymriah®in an accelerated approval procedure
for both indications. The CHMP adopted a positive opinion on 28 June 2018,
recommending the granting of a marketing authorization for Kymriah®. The EU
approval of Kymriah® for both indications was granted in August 2018 followed
by the launch in Germany the same year. Besides the ELIANA study, the market
authorization within the German health care context for the first indication
was also based on the ENSIGN study (NCT02228096), an open-label, single-
arm, phase II study to evaluate the efficacy and safety of CTL0919 therapy in
patients aged 3 to 21 years. In both cases, the G-BA has awarded a non-quan-
tifiable added benefit. The annual therapy costs per patient in Germany
amount to €320,00.00 and are therefore expensive considering the serious ad-
verse events associated with the infusion. Since the benefit assessments re-
sulted in conditional authorizations until 15 March 2020, new assessments



started after the deadline. A decision on the G-BA procedures is expected at
the beginning of September 2020.

Yescarta® from Kite Pharma and Gilead has received “priority review” “break-
through therapy,” as well as “orphan drug” status from the FDA. Orphan drug
approval is based on the ZUMA-1 phase II study (NCT02348216, n=108 for
phase I +1I, n=101 for phase II only), with the primary endpoint of complete
remission. In the study, 72% of patients demonstrated a significant response
(Objective Response Rate, ORR) and 51% of patients demonstrated a complete
remission of cancer after a single intravenous infusion of Yescarta®. After a me-
dian follow-up period of 15.4 months after the administration of Yescarta®,
42% of patients remained in remission with 40% of patientsin complete remis-
sion. The durability of Yescarta® was determined using an updated analysis of
the ZUMA-1 study patients (n=108). However, as a CAR-T cell therapy like Kym-
riah®, Yescarta® also carries high risks such as the onset of severe side effects,
e.g., CRS and neurological toxicity, both of which can be life-threatening or
fatal. Three patients died during clinical trials due to the severe side effects.
Yescarta®is therefore only available through a limited program as part of a risk
assessment and mitigation strategy, whereby, according to the FDA, hospital
staff need to be specially trained and certified in administering treatment with
Yescarta®. Similar to other approved gene therapies, the G-BA has awarded a
non-quantifiable additional benefit for patients with diffuse large B-cell lym-
phoma (DLBCL) and patients with primary mediastinal large B-cell lymphoma
(PMBCL) with a conditional approval until May 15, 2022.Currently, Yescarta®
can be administered at roughly 15 centers, whereby the long-term goal is 70
to 90 centers. In order to make statements regarding long-term safety, the FDA
additionally requires that the company conduct a post-marketing observa-
tional study on patients who are treated with Yescarta®.

Luxturna® from Spark Therapeutics, which was given a priority review designa-
tion, has been granted orphan drug, breakthrough therapy, and rare pediatric
disease status by the FDA. Luxturna®also received orphan drug status from the
EMA. The approval was based on the open-label, randomized, and controlled
phase III study (NCT00999609) to determine the efficacy and safety (n=31 cur-
rently included) in children and adults ages 4 to 44 with biallelic RPE65 muta-
tion-associated retinal dystrophy and sufficiently viable retina cells. Two phase
I/II open-label dose-finding studies for determining the efficacy and safety
(n=12 and n=11) took place in advance. After one year, the phase III study
showed significant differences between the results of the primary endpoint of
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multi-luminance mobility testing (MLMT) score changes in the intervention
and the control group. In addition, the full-field light sensitivity threshold
(FST) and the mobility test change score for the first eye treated in the group
receiving treatment at baseline improved significantly compared to the control
group. The three-year follow-up data from the ongoing phase III study show
that the effect of Luxturna®is still present even after this time. In addition, no
other new side effects have occurred. The follow-up studies thus provide im-
portant information on the efficacy, safety and durability of the gene therapy,
which is why a patient registry was set up (NCT03597399) to determine the
long-term safety of Luxturna® 5 years after treatment. In addition, a further
post-marketing observational study of patients treated with Luxturna® is
planned. After Luxturna® from Spark was approved by the FDA in December
2017, the first patient, a 13-year-old boy from New Jersey, started treatment
on 03/20/2018. However, there are currently no findings regarding a repeated
administration of gene therapy within an eye that would enable additional
statements to be made regarding the advantages/disadvantages of a repeated
administration. Spark Therapeutics has limited the administration of Lux-
turna® to its excellency cluster (Ocular Gene Therapy Treatment Centers),
where trained personnelare availablein order to ensure adequate patient care.
Luxturna® was approved in Germany in April 2019. With a considerable addi-
tional benefit, Luxturna® represents the first benefit assessment procedure for
gene therapies in which a higher benefit category was granted by the G-BA.

Zynteglo™is the first gene therapy for the treatment of transfusion-dependent
patients with R-thalassemia (TDT). The gene therapy approved by the EMA is
the most expensive drug in Europe to date and has been available on the mar-
ket by the pharmaceutical company bluebird bio since May 2019. The EMA ap-
proval was granted in a record time through the Priority Medicines (PRIME)
scheme. Additionally, Zynteglo™ has received an orphan drug designation.
Zynteglo™ is indicated for the treatment of patients 12 years and older with
TDT who do not have a R0/R0 genotype, for whom hematopoietic stem cell
(HSC) transplantation is appropriate but a human leukocyte antigen (HLA)-
matched related HSC donor is not available. Clinical efficacy and safety were
assessed based on open, single-arm phase I/II studies (HGB-204,
NCT01745120 and HGB-205, NCT02151526) and the ongoing phase III studies
(HGB-207, NCT02906202 and HGB-212, NCT03207009). These studies (HGB-
207, n=16; HGB-205, n=4; HGB-204, n=11; HGB-212, n=4) in patients with -
thalassemia who required regular blood transfusions have shown that Zyn-
teglo™ effectively reduces the need for blood transfusions. The primary end-
point was transfusion independence (TI) by the 24" month, defined as the
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weighted average hemoglobin (Hb) value of > 9 g/dl without red blood cell
transfusions for a continuous period of > 12 months at any time during the
study after infusion of Zynteglo™. A total of 20 (HGB-207, n=9; HGB-205, n=3;
HGB-204, n=8) of the 24 patients (83.3%) with a non-R0/R0 genotype
achieved a TI by the 24™ month. The median follow-up duration was 31.20
months, after which all patients remained alive at the last follow-up. The only
serious adverse event associated with Zynteglo™ was thrombocytopenia.

Since this promising therapy has only received a conditional approval from the
EMA, the results of the ongoing studies (HGB-207 and HGB-212) must subse-
quently be submitted for further evaluation of efficacy and safety. The decision
of the benefit assessment, granted a non-quantifiable added benefit to Zyn-
teglo™ until May 2025 due to the limited evidence. To be awarded a full market
authorization, study results requested by the EMA must also be submitted to
the G-BA.

Zolgensma® was developed by AveXis, a subsidiary of Novartis, and has been
on the US market since May 2019. In addition to the orphan drug designation
granted by the FDA, Zolgensma® has also received fast track, priority review
and breakthrough therapy designations. Zolgensma® is a recombinant adeno-
associated virus vector-based gene therapy indicated for the treatment of pe-
diatric patients less than two years of age with spinal muscular atrophy (SMA)
with bi-allelic mutations in the survival motor neuron 1 (SMN1) gene. SMA is
currently the most common hereditary, fatal disease in infants and leads to
muscle weakness. The FDA approval was based on the pivotal phase III study
("STRIVE-US", NCT03306277) and further studies (AVXS-101-CL-101,
NCT02122952 and "START", NCT03421977). "STRIVE-US" is an open-label,
single-arm, multicenter, ongoing study to determine the efficacy and safety of
onasemnogene abeparvovec-xioiin children of less than six months of age with
SMA (n=21). To evaluate the efficacy, the pivotal study defined two primary
endpoints including overall survival at 14 months of age and the proportion of
children able to sit independently for > 30 seconds by 18 months of age. As of
the data cut off (March 8, 2019), one of the 21 patients aged 7.8 months had
died due to disease progression. Another patient withdrew from the study at
the age of 11.9 months and the 19 remaining children between 9.4 and 18.5
months of age lived without permanent ventilation. After a single administra-
tion of the therapy, 48% of children were able to sit independently for 30 sec-
onds at 18 months of age. The treatment with Zolgensma® seemed to be well
tolerated, as the adverse events were similar to those of the disease and pa-
tients could be treated with a suitable therapy. Based on these safety results,
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the initiation of a Risk Evaluation Mitigation Strategy (REMS) program or a
safety study in accordance with the post-marketing requirements was not
deemed by the FDA as necessary.

At the end of May 2020, Zolgensma® was approved in the EU for the treatment
of patients with 5q (SMA) with a bi-allelic mutation in the SMN1 gene and a
clinical diagnosis of SMA Type 1, or patients with 5q SMA with a bi-allelic mu-
tation in the SMN1 gene and up to 3 copies of the SMN2 gene. To further eval-
uate the efficacy and long-term safety of Zolgensma®, two additional studies
(NCT03837184, NCT03461289) were added to the clinical portfolio of
Zolgensma®.

Unlike other gene therapies, the treatment with Imlygic®is not based on a sin-
gle administration, but rather a continuous one over at least 6 months. Im-
lygic® (Talimogene laherparepvec) is marketed by Amgen and is an attenuated
herpes simplex virus type-1 (HSV-1) genetically modified to destroy tumor
cells. It was launched in the US in October 2015 and in Europe two months
later. Furthermore, Imlygic® is the first oncolytic immunotherapy to be ap-
proved in Europe. As a novel gene therapy (ATMP), Imlygic®is indicated for the
treatment of adults with unresectable that is regionally or distantly metastatic
(stageIIIB, ITICand IVM1a) with no bone, brain, lung or other visceral disease.
The approval was based on the open-label, multicenter, phase III clinical trial
(n=436, NCT00769704) with the primary endpoint of durable response rate. In
this study, 295 patients were treated with Imlygic® and 141 patients with hu-
man granulocyte-macrophage colony stimulating factor (GM-CSF). It was
shown that 25% of patients treated with Imlygic®achieved a durable response.
Despite the positive efficacy in the treatment with Imlygic®, there were con-
cerns about virus transmission from treated individuals to others. Conse-
quently, the company was asked to conduct a post-marketing observational
study (NCT02910557) with patients who had previously received Imlygic®.

Imlygic® was launched on the German market in June 2016 for the same indi-
cation. The evaluation of the added benefit of Imlygic® was evaluated based on
the above-mentioned evidences. However, an added benefit was not granted
by the G-BA due to a direct comparison study considered unsuitable compared
to the appropriate comparative therapy.

Based on this underlying evidence of the respective therapeutic options, the
assessment was carried out and approval was granted by the US and European
requlatory authorities. The approval process is requlated with time limits by
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both the FDA and the EMA, and support opportunities throughout the entire
process, e.g.in the form of new or revised guidelines, consulting services, hon-
orariums, and other assistance from the authorities for the pharmaceutical
companies and entities involved are currently being developed or expanded.
But even after approval (post-launch), pharmaceutical companies that launch
gene therapies and likewise want to receive reimbursement for the treatments
will face new challenges. Here, previous pricing models that are used for the
reimbursement of “normal medications” are only partially applicable forinno-
vative therapies, such as single-administration gene therapies, as these ther-
apies follow a completely new logic.

3. Pricing and reimbursement

A pricing strategy is largely based on two elements: the objectives of the com-
pany and the characteristics of the consumers. Other factors such as the type
of market (from competitive to monopoly market), regulatory requirements,
product characteristics (such as the degree of innovation), regional price dif-
ferences, etc. also have an influence on the pricing strategy. The medicinal
products market is particularly characterized by its strict regulatory framework
and the associated requirements as well as by the characteristics of the respec-
tive patients. The externalinfluences on the price differ considerably depend-
ing on the country in which the medicinal product is launched or for which in-
dication the drug is used. Although the general rule is that the price consists
of the cost coverage component and the profit component, thereis a particular
challenge in the pharmaceutical field: covering the extremely high research
and development costs of the new medicinal product. Most products require
decades of research and development, and then there is the time and expense
of clinical phases on top of that. However, a distinction must also be made here
according to the different investors in the development phase of a drug. To a
certain extent, basic research is carried out in public institutions, and the
knowledge gained can be outsourced and subsequently brought to market ma-
turity by pharmaceutical companies. If basic research takes place in publicin-
stitutions, the patented research results are remunerated, e.g. through licens-
ing agreements between the pharmaceutical company and public institutions
(e.g. universities). Often, an outsourcing of basic research is still used by the
public as an opportunity to critically question the price of drugs again, espe-
cially when very high prices are raised. The second component is also of partic-
ular relevance in the pharmaceutical sector: the ethical or moral component
has a profound impact on the entire development and market access process
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of a new medicinal productin the healthcare sector since it is essentially about
the most valuable possession that people have - their health. For this reason,
pharmaceutical companies are often viewed with particular criticism when it
comes to the publication of the price of a new product. As such, a pricing report
can quickly become a controversial discussion where the price can be torned by
both the public and the patient representatives. Investors, however, can just
as easily become vocal due to a supposedly low price or, in the worst case, both
sides can get involved. The internal and external management of expecta-
tions plays another crucial role in the run-up to the publication of the initial
launch price. Due to the few precedents and the sometimes very different indi-
cation areas as well as the rarity of the diseases, the publication of prices is
followed closely by the different interest groups and the public, especially for
gene therapies. This is because, with the announcement of the generally high
annual treatment costs, the health systems and the payers in the individual
countries must face the challenge of reimbursement. Access to innovative
therapies is offset by the high costs. Considering the large pipeline of gene
therapy treatments in particular, this may be a crucial challenge in the future,
since in addition to the previous aspects, the special feature of gene therapy -
the one-time treatment - has to be taken into account. This new logic of the
gene therapy paradigm challenges payers in particular with the task of design-
ing an adequate reimbursement of gene therapy options, which is unlikely to
be counteracted by traditional cost-containment and reimbursement systems.
The following therefore explains the gene therapy inherent reimbursement
obstacles and discusses possible solutions at the national and international
level. The objective is to present options on how gene therapy approaches can
be reimbursed, taking into account the different interests involved. The basis
for this is the paradigm shift to a curative approach and the associated cost
logic: in the future in this field, the approach will move away from a chronic,
often lifelong treatment with relatively clear and largely constant fixed costs,
to an extremely high one-time expense, which, in the best case, leads to a life-
long cure with no additional costs. The existing health insurance algorithms,
both in private and public health insurance, have not been applicable with re-
gard to this completely different logic of value creation up until now, so new
actuarial approaches need to be developed and possibly fixed in care contracts.

The previous reimbursement models seem to show their limitations for the re-
imbursement of gene therapies, especially gene therapies where a single ad-
ministration of vectors is sufficient. The existing reimbursement system for
new medicinal products in Germany is generally separate for the outpatient
and inpatient sectors. While the benefit assessment of medicinal products is
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determined by law (§35a SGB V [Sozialgesetzbuch V (Volume V of the Social
Insurance Code)]) in the outpatient sector, where the pharmaceutical compa-
nies must submit a dossier to the G-BA in which they demonstrate the added
value of the new drug compared with the existing therapies, reimbursement is
possible for inpatient care without the need for any benefit assessment within
the existing DRG (diagnosis related group) system. However, the amount of the
DRG is not calculated based on the drug costs, butinstead is determined by the
diagnoses and the operations and procedures performed. To achieve a higher
reimbursement, a request for an extra-budgetary allowance can be made by
the hospitals within the DRG system using the NUB procedure (neue Unter-
suchungs- und Behandlungsmethoden [new examination and treatment meth-
ods]), which acts as bridge financing until the DRG system adequately reflects
the additional costs. In this case, the respective hospital negotiates with the
payer regarding the amount of the additional compensation and the expected
number of cases. In the outpatient sector, the price can be set by the pharma-
ceutical company within the first 12 months (free pricing episode). This year,
the benefit assessment is carried out by the G-BA as part of the AMNOG proce-
dure, which forms the basis for the subsequent price negotiations between the
pharmaceutical company and the GKV-SV. From the thirteenth month onwards,
the reimbursement amount negotiated between the two parties or determined
by the arbitration panel, if applicable, shall apply.

The potential cure of diseases through gene therapyin the current model would
be based on a one-time reimbursement of the drug (at the time of administra-
tion) - upfront payment. The respective health insurance pays the fullamount
of the negotiated reimbursement amount to the pharmaceutical company at
this time, although the effectiveness and safety of the drugs only becomes ap-
parent in the later course of the treatment. This is associated with a high risk
for the payer. This is a potential challenge in the system of upfront payments
that does not occur for conventional treatment options. The reimbursement of
a long-term or limited-term treatment has the advantage that patients may
discontinue the treatment and, if necessary, switch to another active sub-
stance if the efficacy diminishes, side effects are experienced, or the authori-
zation of more effective options occurs. Reimbursement therefore only takes
place in this clearly defined period, in which the patient experiences a benefit
from the therapy. An upfront payment, such as for a one-off use of gene ther-
apy, means that the health insurance companies must refund the full amount
before and not during the treatment, even though the cost-effectiveness usu-
ally has still not been evaluated conclusively. Potential cost savings or amor-
tization as a result of further treatment being unnecessary are sometimes only
achieved years after the actual treatment. This leads to a belated and uncertain
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break-even for the health insurance companies. In addition, the free choice of
the insured in choosing a health insurer does not guarantee that the financing
health insurer can post the counter-financing or amortization effect as well,
since the patient can also switch to another payer after the therapy has been
completed now that they are “healed”. There is currently no compensation
mechanism for the imbalance of costs and benefits between the different pay-
ers. However, the Fair Health Insurance Competition Act (GKV-FKG) which ex-
pired in February provides the reintroduction of a risk pool until 2021, from
which health insurance companies are to receive 80 percent of the expendi-
tures for each service exceeding €100,000 per year. This is expected to lead to
fair competition between health insurance companies, in particular for high
price drug therapies. The upfront payment leads to controversy especially in
theinpatient sector, since the lifelong benefitis compared to an annual budget
negotiation. In addition, the uncertainty among the health insurance compa-
nies about the efficacy and safety of the treatment due to the lack of prece-
dents and long-term observations is very high, so from a payer perspective, the
high prices of the medicinal products may appear unjustified.

This dilemma between the price expectations of the pharmaceutical company,
which must cover its anticipated costs for research and development and its
revenue through the one-off sale of the product, and the concerns of the re-
spective health insurance companies, which are uncertain about the long-term
efficacy and possible (later) side effects of the treatment and also the possibil-
ity of amortizing the high costs, have to be counteracted by the development
of innovative reimbursement models, not only in Germany.

Glybera® was approved by the EMA at the end of 2012 as the first gene therapy,
but the market launch in Germany did not take place until November 2014. At
the same time, the only AMNOG procedure to date for the evaluation of the ad-
ditional benefit as well as the later price negotiation with the GKV-SV and the
associated reimbursement in the outpatient sector in the field of single-use
gene therapies began. In the inpatient sector, the NUB process for an appro-
priatereimbursement of the innovative method was also initiated at the time
of launch. While a non-quantifiable additional benefit was assessed in the AM-
NOG procedure and the negotiated price from the negotiations with the GKV-
SV was not published, a reimbursement was possible via the NUB payment in
theinpatient field. The reimbursement amount is determined by individual ne-
gotiations between the respective hospital and the health insurer. Since then,
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an individual additional fee of €900,000 has been negotiated for the only pa-
tient in Germany so far. In October 2017, Glybera® was withdrawn from the
market due to low patient numbers, previously unquantifiable efficacy and
high treatment costs, while the five-year EMA approval expired at the same
time.

Strimvelis®, the second approved gene therapy in Europe (approved in May
2016), estimates treatment costs of €594,000, making it one of the most ex-
pensive single-use therapies in the world. In all of Europe, only about 15 chil-
dren are born each year who have ADA-SCID and only four patients have been
treated with Strimvelis® outside the clinical trials, which corresponds to a very
small patient population. The first patient was treated in March 2017 at the
only treatment centerin Europe, in Milan. It took about one year from approval
to negotiation and reimbursement of the first treatment, which became a pa-
tient-specific pay-for-performance (P4P) approach, negotiated in the form
of an installment payment of the reimbursement amount by the payer, cou-
pled with a refund by the pharmaceutical company, GlaxoSmithKline, in the
event of failure. Approval in the UK finally took place in January 2018 by the
NICE (National Institute for Health and Care Excellence), with a cost-effective-
ness threshold of €594,000. Although Strimvelis® is associated with immense
costs, the cost of alternative therapies, such as substitution of the ADA en-
zyme, is around €400,000 per year, which far exceeds the cost of the single
dose of Strimvelis® in the long run. In March 2018 GSK sold Strimvelis® to the
Orchard Therapeutics.

The launch price for Kymriah® are estimated at approximately $475,000 in the
United States. The argument in justification of the price was that the develop-
ment costs (about $1 billion, according to Novartis) would have to be allocated
to a relatively small number of an estimated 600 patients in the US and also an
extremely complex patient-specific production, which is calculated at about
$50,000 per patient. Another influencing factor in the further pricing is the
competing product in the field of CAR-T cell therapies - Yescarta®, which be-
came a direct competitor in May 2018 with the extension of the indication
DLBCL from Kymriah®. There were already some challenges in pricing in the
pipeline as investors reckoned with a higher and patient representatives with
a lower price. In addition, the development of the treatment was not fully
funded by the pharmaceutical companies, but funded by tax revenues (up to
$200 million) at the beginning. However, there is no question of the benefits

STRIMVELIS

Orchard
Therapeutics

KYMRIAH

Novartis



of Kymriah®, at least for the FDA, since the study data, such as the overall sur-
vival (0S) was convincing. Novartis’s pricing system is based on a “money back
guarantee” or a value-based pricing approach, which means that a reim-
bursement based on an agreement with CMS (Centers for Medicare and Medi-
caid) are only payable if the patient responds to treatment within the first 30
days of treatment. However, critics object that an effect can always be seen
initially for CAR-T cell therapies, but lasting results can only be determined af-
ter 6 to 12 months at the earliest. The potentially severe side effects occurred
in Kymriah® after a median duration of only 3 days (maximum 21 days) after
administration, but also allow only limited conclusions about the actual effi-
cacy of the treatment. This could also be a reason why Kymriah® sales fell short
of expectations by at least $12 million, at least in the first quarter of 2018.
However, sales have increased significantly ($278 million in 2019) in the
meanwhile. Novartis attributed production bottlenecks to the main reason for
the rather sluggish market entry, which is why a new plant for the processing
of Kymriah® was opened in Switzerland in November 2019. Another plant in
France is currently being expanded. In August 2018, Kymriah® was also ap-
proved in Europe. For the first year after entering the German market, Novartis
signed an agreement with the Society for Economy and Quality in Health Insur-
ance (Gesellschaft fiir Wirtschaftlichkeit und Qualitdt bei Krankenkassen, GWQ)
and the Association of Health Insurance Funds (Verband der Ersatzkassen,
VDEK) on an outcome-based reimbursement model. In this pricing model, it
was agreed that, upon death of a patient after the administration of Kymriah®,
part of the treatment costs will be reimbursed to health insurance companies.
An AMNOG procedure was also started in September 2018 for both indications.
Although Kymriah® obtained an orphan drug designation, already demonstrat-
ing an added benefit of the product, it was only granted a non-quantifiable
additional benefit due to low evidence from ongoing single-arm studies. The
subsequent approval was conditional and limited to one year. In March 2020,
two further AMNOG procedures started for both indications for re-evaluation
after the deadline expired, and decisions are expected in September 2020. Ac-
cording to the G-BA, there are approximately 490 to 765 patients in both indi-
cation of Kymriah®in Germany. Currently, Kymriah®is only administered in an
inpatient setting in Germany and is currently listed in the Lauer Taxe with an
hospital purchase price (Klinik-Einkaufspreis) of €275,000. This price already
decreased significantly compared to the German launch price of €320,000 in
2018. The hospitals can obtain a reimbursement for expensive therapies via
the NUB procedure. However, to benefit of this service, every hospital would
first have to submit an application form by October 31 to the Institute for the
Hospital Remuneration System (Institut fiir das Entgeltsystem im Kranken-
haus, InEK) to register a new NUB procedure for the following year. In 2019,



107 hospitals submitted a NUB application for the "administration of CAR-T
cells for the treatment of hematological diseases". These applications were
granted a NUB status 1 by the InEK, meaning that the criteria for a NUB agree-
ment were met and reimbursement fees can be agreed for the requested ser-
vices.

The second CAR-T cell therapy approved in the US after Kymriah® is the gene
therapy Yescarta®, which is available since October 2017 from Kite Pharma or
Gilead. The launch price was $373,000, more than $100,000 below the price of
Kymriah®. Again, the manufacturing cost per patientis about $50,000. Overall,
sales of $264 million were achieved in the US alone in 2018. In 2019, sales of
Yescarta® increased significantly to $456 million. Following the EMA approval
of Yescarta® in August 2018, Gilead also agreed a pay-for-performance reim-
bursement with the VDEK in June 2019, under which Gilead will reimburse part
of the therapy costs currently amounting to €282,000 (hospital purchase price,
Taxe-Klinik-Einkaufspreis) if the therapy does not work. This contract is valid
for two years. In addition, two AMNOG procedures for the two indications of
Yescarta® started in November 2018. According to the G-BA, 440 to 700 pa-
tients in Germany are eligible for treatment with Yescarta®. Similar to Kym-
riah®, Yescarta® has only been granted a non-quantifiable additional benefitin
both indications despite orphan drug status. In addition, the market authori-
zation was conditional until May 15, 2022 due to uncertainties regarding the
long-term effects of the therapy. Like Kymriah®, Yescarta®is only administered
in an inpatient setting. For Yescarta®, hospitals can also submita NUB applica-
tion for the "administration of CAR-T cells for the treatment of hematological
diseases", which can be used to cover additional costs.

The cost of one-time treatment with Luxturna® in the US is currently $425,000
per eye, therefore Luxturna®is considered having the highest list price to date.
To counteract reimbursement issues, Spark works closely with patient repre-
sentatives, clinicians and public and private groups to implement innovative
access arrangements. As an example, results-oriented reimbursement ap-
proaches have been discussed among other things. An outcome-based rebate
agreement has been negotiated with the company Harvard Pilgrim Health
Care, for example, which was based on the efficacy of Luxturna®. It assesses
the efficacy of the short-term treatment (after 30 to 90 days) and long-term
treatment (after 30 months). Spark has also signed an exclusive contract with
Express Script. As a result, additional fees of hospital pharmacies of six percent
for treatment are no longer applicable, leading to significant cost savings for
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the expensive therapy. This innovative contract model aims at guaranteeing
that treatment centers are protected from treating patients without being re-
imbursed by the patient’s health insurance company. Prior to the European ap-
proval in November 2018, Novartis purcharsed the license for Luxturna®in all
countries outside the US at the end of January 2018. In Germany, Luxturna®is
only administered as an inpatient treatment and, like Kymriah® and Yescarta®,
can be reimbursed via a NUB procedure (NUB status 1). In 2019, 21 hospitals
submitted a NUB application for the administration of Luxturna®. Besides, the
therapy has already been evaluated in the AMNOG procedure. According to the
decision of the G-BA in October 2019, a considerable additional benefit was
granted to Luxturna®. However, since the study data presented did not allow
for conclusions to be drawn about the long-term effect of the therapy, the de-
cision was conditional until December 31, 2021. According to the G-BA, be-
tween 100 to 530 patients in Germany are eligible for treatment with Lux-
turna®. Based on the Lauer Taxe, the hospital purchase price (Klinik-Ein-
kaufspreis) is currently €295,000 (May 2020) per eye, which is €50,000 less
than the launch price of €345,000.

Following EMA approval in May 2019, Zynteglo™ was launched on the German
market in January 2020. To date, Germany is the first country to market the
therapy. Bluebird bio expects to treat the first patients in the first half of this
year. With a launch price of €1,575,000, Zynteglo™ is currently the most ex-
pensive drug on the European market. Bluebird bio already came to an agree-
ment with payers prior to approval and settled on a pay-for-performance reim-
bursement model. The AOK Rhineland/Hamburg was the first health insurance
company to agree to the pay-for-performance approach. Meanwhile, other
health insurance companies have followed this lead. According to this ap-
proach, payment is to be staggered over four years: 20 percent of the total
costs are to be paid upon treatment administration, another 20 percent a year
later, but only if the the patient does not require transfusions. Subsequently,
the transfusion independence, which was the primary endpointin clincal stud-
ies, will be monitored every 12 months. The third, fourth and fifth installments
will only be paid if the treatment is successful. In September 2019, the AMNOG
procedure for Zynteglo™ also started. Inits decision of May 14, 2020, the G-BA
awarded a non-quantifiable added benefit to Zynteglo™ due to the high poten-
tial for bias in the open, single-arm study design. In addition, because of the
small number of patients included in the studies, the G-BA is uncertain about
the proportion of patients who could truly benefit from treatment with Zyn-
teglo™. According to the G-BA, approximately 50 patients in Germany are eli-
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gible for treatment with Zynteglo™. Since at the time of the benefit assess-
ment, no final data from the two ongoing studies and no data from the follow-
up study evaluating the long-term efficacy and safety were available, the G-BA
granted a conditional authorization until May 15, 2025. As requirements for
the re-evaluation, the G-BA requested the submission of final data from two
ongoing studies and the 5-year data from the follow-up study. In addition, a
registry is to be created including data on the long-term safety and efficacy of
Zynteglo™, in accordance with the requirements of the EMA.

With a price of $2.1 million, the gene therapy Zolgensma®, approved in the US
since May 2019, is the most expensive drug in the world. AveXis, a subsidiary
of Novartis, has agreed with the payers over a five-year installment for the
therapy costs. Part of the costs will be paid at the time of injection and the
remaining installments will only be made based on the success of the therapy.
Hence, the payers will not have to reimburse the full price if the treatment fails.
In the EU, Zolgensma® initially received a positive opinion from the CHMP in
March 2020 and was finally approved by the EMA at the end of May 2020. In
Germany, GWQ and AveXis signed a contract on a reimbursement model based
on the success of therapy prior to approval. In contrast to previous contracts
with a similar innovative reimbursement model, this model takes into account
several patient-relevant outcomes, whereby AveXis risk reimbursing up to
100% of the costs in installments. It is assumed that the price in Germany will
be €1.9 million. The expensive price of Zolgensma®, adds great pressure on
health insurance companies. Already after the approval in the US, parents of
affected children and patient representatives in Germany have been campaign-
ing in the media for German health insurance companies to also pay for the
drug. However, the regional social court of North Rhine-Westphalia ruled in
March of this year that the insurance companies do not have to pay for
Zolgensma®. However the discussions around Zolgensma® are far from being
ended since Novartis announced at the end of 2019 that it would be giving
away 100 treatments for free to affected children. The initiative was received
with great criticism as such a lottery was considered unethical by many.

Imlygic®, the first oncolytic immunotherapy approved in Europe, was esti-
mated at a launch price of €234,770 per patientin Germany. The evaluation of
the G-BA did not attribute any added benefit to Imlygic®. This led to a decision
on the reimbursement be setteld by the arbitration board. After the price ne-
gotiations, the price of Imlygic® with current annual therapy costs of
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€119,4672 per patient decreased significantly. This represents a net rebate of
52.11%. Imlygic® is therefore the first gene therapy product with a reimburse-
ment settled by the arbitration board. Since treatment with Imlygic® is to be
carried out by medical professionals and risks of transmission and complica-
tions due to herpes may arise, Imlygic® can only be administered in an inpa-
tient setting. Due to the mode of application (continuous administration), the
therapeutic costs of Imlygic® cannot be compared with other gene therapies.
The reimbursement of therapy costs with Imlygic® is possible via the NUB pro-
cedure. In addition, Imlygic® has been granted a NUB status 1 by the InEK for
2019. In total, 235 hospitals have applied for the NUB status in 2019. To date,
there are no information on the hospitals that are already offering a treatment
with Imlygic®. It is estimated that about 65 melanoma centres in Germany are
offering the treatment. According to the G-BA and depending on the patient
subset, there would be approximately between 35 to 450 patients in Germany
who could benefit from treatment with Imlygic®.

The development of individual price systems is already focused in the field of
gene therapies by the pioneers and the majority of pharmaceutical companies
have shown themselves open to new reimbursement models, at least where the
general public are concerned, and even payers are coming up with some indi-
vidual solutions. However, it is already apparent that these new treatment op-
tions must deal with challenges that affect not only regulatory requirements
but also reimbursement issues. This often comes with a lot of paperwork and
discussion potential for those affected and makes clear the need for sound
strategic preparation to respond to any unforeseen situations.

There has already been some initial feedback on the reimbursement issue from
the US. The ICER has confirmed that despite the high price, both Car-T cell
therapies (Kymriah® and Yescarta®), are cost-effective compared to the current
SoC (standard of care), chemotherapies, because the price of the treatment is
justified by the clinical value. In contrast, the treatment costs of Luxturna®
were rated as too high by the ICER. A 50% - 70% discount would therefore be
needed for the treatment to be considered cost effective. According to ICER,
this is because, despite the novelty of the therapy and the pioneering role in
the field of gene therapies, the cost-effectiveness cannot be achieved on the
assumption ofan efficacy lasting 10 to 20 years. Following an expert discussion

2 Lauer Taxe, as of May 2020
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with the various stakeholders, ICER recommends that, in addition to examining
the cost-effectiveness:

=  For treatments that have a major impact on treatment, current treatment
standards or on the cost of care, the manufacturers, insurers, and provid-
ers should meet with the FDA prior to market approval to clarify the role of
the drug in the actual medical care situation, to define the target popu-
lation and to discuss pricing parameters and possible reimbursement mod-
els. This could avoid possible delays after market launch, as the uncertain-
ties on the payer side would be addressed early in the process.

= Inthe case of limited data one of the following options can be chosen: A
low launch price, which will be raised once the long-term data confirm ef-
ficacy and safety, or a high launch price, with discounts or refunds if the
“real world evidence” does not confirm expectations.

= Value-based pricing approaches must also be viewed in connection with
the affordability of the therapy for payers or insurers, where affordability
should be assessed based on the size of the target population.

= Registerin which all treated patients are included to ensure the long-term
follow-up.

The NICE in the UK has responded based on the evaluation system for the reg-
ulatory requirements along with the reimbursement issue for gene therapies.
In collaboration with York University, NICE has created a mock CAR-T Cell Ther-
apy study to determine the appropriateness of the current methodology for
evaluating new gene therapies. The focus here was whether the clinical efficacy
was sufficiently proven and a reasonable calculation of the costs of treatment
could be made despite the limited data available. The study was based on the
three challenges specifically associated with regenerative medicine and cell
therapies for the NICE method evaluation - high costs per patient, poor evi-
dence, and potentially significant health benefits. The conclusion of the final
report is that the current methods are well suited to assess novel treatments
such as gene therapies. Safety, efficacy and cost-effectiveness requirements
should generally remain in place, however specific regulations regarding po-
tential payment models and other parameters, such as the discount rate,
should be addressed in more detail. With regard to the discount rate, it was
proposed that, due to the uncertainty about the actual budget impact of such
treatment options, the current discount rate could be reduced from 3.5% to
1.5%, for example. When assessing gene therapy approaches, the uncertainty
aspect should also be taken into account as an important feature in the assess-
ment and cost calculation. Innovative payment methods should be taken into
consideration, especially in areas where a potentially significant patient ben-
efit is achieved. In this way, access to therapies for patients can be secured,
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but the risk is shared between payers and pharmaceutical companies. A partic-
ular challengeis the financing of gene therapies in the inpatient sector, as the
current mechanisms are not yet able to guarantee the reimbursement of such
innovative but costly therapies. A cost-effective treatment for curative therapy
was estimated at £528,000, assuming 10 QALYs (quality-adjusted life years)
would be achieved under the therapy. However, this is only a sample calcula-
tion, so that for other therapies lower annual therapy costs could be consid-
ered cost effective, especially considering the possibly high hospitalization
costs combined with lower patient benefit.

At the pan-European level however, no statements have been made on reim-
bursement methodologies or general cost-effectiveness limits, but this can be
attributed to the fact that the reimbursement is regulated individually within
each European country due to the different health care systems, making it dif-
ficult to enforce centralized approaches. The specific requirements for the po-
tential reimbursement models of gene therapies can therefore differ greatly
depending on the country. In analogy with the UK, in Germany only the state-
ment that the previous methods (such as the AMNOG procedure including price
negotiation with the GKV-SVin the outpatient sector) shall apply to gene ther-
apies has been made thus far. Nevertheless, it seems sensible to take a closer
look at the options for the reimbursement of gene therapy approaches based
on the sometimes innovative approaches of previous precedents in this area.
The individual contracts signed between some insurance companies and phar-
maceutical companies show that the German health care systemis also open to
new reimbursement models.

In some of the previous methods and procedures of various regulatory author-
ities, the cost-effectiveness is calculated for the evaluation of new medicinal
products to be able to determine a maximum price or maximum cost based on
this (see, for example, NICE and ICER). These models are based on initial hypo-
thetical assumptions about the actual efficacy and safety of the product and
are therefore subject to uncertainty. In Germany, the reimbursement amount
is the original price set by the pharmaceutical company less a discount (§130b
and §130a of SGB V). The official price anchors, which serves as a basis for the
calculation or negotiation of the reimbursement amount, are the additional
benefit determined by the G-BA, the costs of comparable medicinal products
and the purchasing power-adjusted and sales-weighted European price level of
the medicinal product. The price is negotiated between the pharmaceutical
company and the GKV-SV in a 6-month price negotiation, taking into account
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other aspects, such as the budget impact and the negotiating skills of the par-
ties, and the discount is set. Overall, both the model and the procedures of
NICE and ICER are broadly concerned with valuation-based models based on
the pre-launch evidence of the pharmaceutical company, which is used as the
basis for determining adequate reimbursement. In addition, almost all systems
are currently based on the concept of upfront payment.

One way to reimburse gene therapies is to develop annuity-based models. The
idea of an annuity-based reimbursement model is to spread the costs over a
defined period of time. This means that the reimbursement amount will not be
reimbursed in full at the time of treatment, instead the payment will be divided
proportionately over several years (installment payment plans). The determi-
nation of an adequate reimbursement amount can be made based on method-
ically-developed health economics models, which make it possible to quantify
and evaluate the (lifelong) benefit and efficacy. Therefore, a long-term or life-
long effect should be assumed in the modeling, the monetized benefit of which
is discounted at the time of the intervention. It is also possible to link the re-
imbursement to the treatment outcome or the individual “performance” of the
treatments in terms of long-term efficacy and safety (outcome-based ap-
proach, such as the pay-for-performance approach, P4P). The advantage
here is that the risk or uncertainty of the efficacy of gene therapy is shared
between the pharmaceutical companies and the respective payer. There are,
however, some obvious challenges here: For one, the measurement of the ef-
ficacy. Patient-relevant endpoints could be used for this, but these are often
not adequately validated or recognized, especially for rare diseases. In addi-
tion, they must always be determined individually for each treatment. The
number of endpoints that are considered to be patient-relevant must also be
defined. When choosing multiple points, it should also be determined which
endpoints need to be significant to what extent and at what time. The amount
of the partial payments can also be structured as variable. Depending on the
data situation or treatment, it may be useful to reimburse higher amounts at
the beginning or end of the treatment, or to set a constant amount for the en-
tire period. This can be done depending on the predicted onset of efficacy or
any potential long-term damage that may occur. Another version of the model
would be to reimburse the entire amount at the beginning and, depending on
the efficacy, to arrange a reimbursement from the pharmaceutical company to
the payer (refund). Again, however, the issues raised must be defined and
agreed in advance. In general, this approach seems feasible at first, but relies
on very customized solutions. To do this, general criteria would have to be set
for establishing the model, thereby creating a formal framework. This enables
a flexible yet standardized solution.
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Another possibility is not to link the results-based approach to an installment
payment, i.e. not to combine it with an annuity-based model, but instead to
redesign the pricing system based on the post-launch evidence. In this sense,
by establishing common standards for the generation of follow-up data, one
or more time periods could be determined in which the treatment is re-evalu-
ated, for example, based on “real world evidence” or phase IV studies. Depend-
ing on whether the results of the clinical trials are confirmed, or a better or
worse efficacy is determined, the annual treatment costs at the time of reas-
sessment could remain the same or be increased or decreased. There are vari-
ous options, in particular with regard to the responsibility for the reassess-
ment; forexample, a central reassessment (simplified process) or country-spe-
cific assessments by the regulatory authorities or payers is conceivable in Eu-
rope. One of the challenges of this approach is the design of the re-evaluation.
This can range from a comprehensive and once again time-consuming evalua-
tion to renewed country-specific price negotiations based on a short evalua-
tion of registry data by the payers. On the other hand, this approach may mean
that, at the time of re-evaluation a large proportion of patients had already
been treated, and the budget impact would be relatively low as a result of the
new price negotiations, especially for gene therapies for rare or ultra-rare dis-
eases. The exact timing of a reassessment is therefore of immense importance,
since the balance between sufficient evidence for the assessment and the size
of the patient population must be found. This leads to the assumption that a
generally valid definition of the time period would not be necessary, but rather
a product-specific one.

Another problem that cannot solve either the benefit assessment-based deter-
mination of the reimbursement amount or the allocation of costs over a longer
period of time, is the problem of the lack of amortization of the expense paid
if the insured switches between the SHIs. This can only be carried out using a
collectivization of the expense. In the US in particular, the focus is on a re-
imbursement of the short-term benefit of the drug by the payers. This model is
a result of the fact that the insured change insurance on average every three
years. An example in the German system for a possible collectivization would
be an adaptation of the morbidity-oriented risk structure compensation
(Morbi-RSA), for example via a reintroduction of the so-called high-risk pool,
which could cover the specific gene therapy interventions. However, fund so-
lutions could also be organized privately in the sense of an intermediate com-
pany, the coverage risk of which is cushioned by reinsurance. As a result, the
initial costs incurred would be collectivized and covered by insurance, so that
the ability of the insured to choose a SHI does not need to be limited, and the
fund or pool balances the expense and the amortization. Likewise, if treatment
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fails, i.e. if the promise of lifelong recovery is not met, the fund could cover
additional treatment accordingly. In the following, the different reimburse-
ment options of gene therapies differentiated according to the extent of risk
splitting (low to high) and the type and/or level of post-launch evidence is
summarized (Figure 8).
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Figure 8: Potential reimbursement models differentiated by the extent of risk sharing
and the type and level of post-launch evidence. In general, 5 different models can be
differentiated. The status quo is represented by the upfront payment. The pricing is based
on the available evidence at the time of approval, no more data has to be presented
indicating a low extent of risk sharing as longterm efficacy and safety can only be assessed
hypothetically. Installment payment plans can be evaluated equally, as they are not
necessarily based on additional evidence. In the generation of post-launch evidence, on the
other hand, the extent of risk sharing between the insurance providers and the
pharmaceutical companies” increases, as can be seen in the individual and collective
outcome-based approaches. Despite a low level of post-launch evidence, a high degree of
risk sharing at the societal level can only be achieved by collectivizing the effort. Source:
SKC-Analysis

4. Conclusion

Based on the precedents, it is clear that pharmaceutical companies currently
testing the opportunities of gene therapies on the market. It is also possible
that the initial precedents have been used for rare diseases for this reason too.
However, growth and also advancement into disease areas with higher preva-
lence numbers will certainly not be far behind. Gene therapies such as the CAR-
T cell therapies Kymriah® and Yescarta®, the autologous HSC-based therapy
Strimvelis® or the in vivo applied treatment Luxturna®, are all new options for
the treatment of severe rare diseases of genetic origin, where previous thera-
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pies were absent, failed or did not provide a long-term solution for the treat-
ment of the disease and the patient. The five gene therapy products listed here
differ in their respective study design and thus the data collected. It is evident
that it is not necessarily only efficacy that plays a role in pricing. For example,
Glybera®, priced at almost €1 million, is priced almost twice as high as the four
other treatments. At the same time, treatments such as Strimvelis® or Lux-
turna® have been able to show a somewhat clearer efficacy to date than that of
Glybera®. Figure 9 offers a concise integration and comparison of the previous
evidence and the currently used reimbursement models for the gene thera-
pies approved by the EMA and FDA.
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Figure 9: Overview of previously approved gene therapies by the FDA and EMA with
regard to their approval backlog and current reimbursement systems of the one-time
treatments. *Date of exchange rate 22/05/2020, # second indication (no price available so
far). Source: SCK-Analysis. This information is provided without liability.

Over the next few years, the number of gene therapy options will multiply. The
pipeline of pharmaceutical companiesis well filled, so that many other approv-
als can be expected in the next few years in the US as well as in Europe in the
field of hemophilia, for example. However, adequate measurement of long-
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term efficacy and potential long-term side effects acts as a limiting factor in
current systems, leading to high uncertaintyin assessment and, along with the
treatment modality of curative gene therapy, becomes a challenge for a mutu-
ally-appropriate reimbursement. The various institutions at the international
and national level have in some cases already dealt intensively with the poten-
tially necessary revision of the previous processes, methodologies and require-
ments and discussed healing options in exchange with pharmaceutical compa-
nies, payers, clinicians and patient representatives. For example, the long-
standing guidelines that deal with gene therapy have already been or will be
partially overhauled, in order not only to meet the theoretical but also the
practical varying demands of gene therapies in the licensing and reimburse-
ment process based on recent precedents.

The basis for the assessment, however, are the existing evaluation processes
at the FDA as well as at the EMA, NICE and the G-BA, which, according to the
authorities, already meet the requirements of gene therapies in essence. How-
ever, individual aspects need to be adjusted to varying degrees, in particular
in order to include the uncertainty aspect of gene therapy treatment options
in the assessment. Thus, for example, a policy concept is being drafted by the
FDA, which includes establishing a brief approval process and should also pro-
vide assistance in setting up disease-specific guidelines that reflect the stand-
ards for safety and benefit requirements. In addition, the methods for carrying
out pre-clinical studies should be defined in the future, and guidelines for as-
sessing the long-term risk and/or generally for the duration of a follow-up will
be developed. The EMA is also currently revising some of the guidelines, which
include, for example, assessing safety and efficacy. In particular, the focus is
on the early identification of any risks in order to minimize or prevent themin
the long term.

With regard to the establishment of new reimbursement systems, the regula-
tory authorities have so far been rather cautious. According to NICE, the deter-
mination of a cost-effectiveness limit is also possible with the previous meth-
odology, and the G-BA has thus far only advocated that the previous system of
price negotiations following the benefit assessment can also be applied to
gene therapies in general. However, due to the new logic of the gene therapy
paradigm, this can lead to various challenges in conceptualizing adequate re-
imbursement. It is true that both the pharmaceutical companies and the vari-
ous payers are open to new reimbursement models, as already shown in the
practical implementation of a wide range of models or individual contracts
both in the USA and in Europe. However, it is not currently possible to predict
whether, and if yes, when, there will be uniform guidelines or adjustments to
the reimbursement system at national or international level. Nevertheless, it

The regulatory require-
ments for gene therapies
are currently being evalu-
ated, some of which are al-
ready being updated by the
regulatory authorities

In the field of reimburse-
ment, no uniform concepts
have yet been created




is repeatedly emphasized in the various reports and recommendations that the

(early) cooperation of the different interest groups is necessary and desirable
for this purpose, but so far no supranational working group has been formed

or any possible solutions communicated on this specific topic.

Based on the analysis, in addition to the general recommendations of different

authorities and institutions, specific aspects have emerged, which could play

an important role in the approval process and for the reimbursement issue.
These are presented in an overview below:

Realiy of care

3

Generation of fol-
low-up data

Target population
of the treatment

The role of the drug in the reality of care should
be evaluated, especially if the treatment has a
major impact on current treatment standards as
well as on care costs.

The provision of follow-up data plays an essen-
tial role, especially with regard to the uncer-
tainty aspect of the treatments. Both the EMA
and the FDA recommend a follow-up period of
approximately 15 years, although this period
may change depending on the treatment or dis-
ease. The collection of additional post-authori-
zation data may take the form of extension stud-
ies, additional phase IV studies, or registry data,
but this should be incorporated into the process
early on, so that seamless follow-up can be en-
sured after approval. The objective of the follow-
up is to capture the dynamics of the efficacy of
the treatment, i.e. the question of whether and,
if yes, when it is necessary to repeat the treat-
ment as well as the evaluation of the product-
specific risk.

Special attention should be paid to the determi-
nation of the target population since the esti-
mation of the healthcare percentage is based on
the logic that in a first step based on epidemio-
logical parameters, all patients in this indica-
tion who are generally suitable for the treatment



Differentiated
illustration of
benefits

are determined (generally suitable patients),
but the proportion of the patients who cannot
be treated due in part to theirindividual charac-
teristics or who do not want to be treated or who
are not treatable (individual suitability of pa-
tients) must be deducted from this. The target
population is therefore based on the estimate of
patients in need of and willing to have treat-
ment, whereby this percentage can be deter-
mined depending on the indication (for exam-
ple, depending on the course of disease deter-
mined by the severity of symptoms and progres-
sion), the application method, other treatment
options and the patient-specific factors of the
generally suitable population. The estimated
number of patients within the target population
is of particular importance for the payers for es-
timating the budgetimpactand should be deter-
mined and presented in the most valid way pos-
sible by the pharmaceutical company.

Even a differentiated illustration of benefits is
associated with fewer challenges in defining a
more precise target population than a broader
but not precisely defined population. This is
closely linked to the exact wording of the label,
which isinitially relevant for the presentation of
(additional) benefit but also for price negotia-
tions with the GKV-SV (in the German care con-
text). When selecting the target and study pop-
ulation, it must be ensured that the analysis in-
cludes in particular those patients who receive
the greatest benefit from gene therapy results
from the payer’s point of view.



Production method -
Patient-specific vs. -
independent

Application-spe-
cific aspects in-
cluding tutorials
and training

Manufacturing represents another factor. Gene
therapies differ in this respect to a certain ex-
tent, because in the case of CAR-T cell therapy,
patient-specific production in which the pa-
tient’s body cells must first be removed, modi-
fied and propagated may be required or patient-
independent production can take place, such
as for Luxturna®. This has a big impact on the
market uptake curve in particular, because the
fewer centers there are and the longer and more
complex the manufacture of the product, the
fewer patients can be treated each year. This
should be noted in advance and strategically
considered.

Furthermore, in addition to the manufacturing
process, the type of application and the likeli-
hood of short-term side effects also play an im-
portantrole. The course of treatment and the as-
pects to be considered for each treatment have
an effect on the extent to which and in what form
tutorials and training will be necessary for the
technical personnel and how specialized the
technical personnel must be in order to be able
to administer the gene therapy or to recognize
side effects and be able to react to them. This
also includes determining at which location the
treatment takes place, for example on an outpa-
tient or inpatient basis, and at how many loca-
tions or specialist centers treatment can take
place. The necessary prerequisites and plans can
and should be developed and integrated during
the approval process.



Development of an On the other hand, the development of an over-

overall strategy all strategy is essential for the general reim-
TI bursement of gene therapies, especially in Eu-
o0 rope, due to the different reimbursement sys-

4 / tems in each country. This is because, despite

(o) o % the systems that are actually independent, the
respective countries influence reference prices,

treatment standards and recommendations, for
example, to a considerable extent. In addition
to determining the launch sequence and decid-
ing on the amount of country-specific launch
prices, an analysis of the different reimburse-
ment options shown can also be valuable in or-
der to achieve optimal positioning in each coun-
try. Careful examination of which models make
sense should take place in combination with the
characteristics of the disease, the size of the
(target) population and the available evidence.
Thus, depending on the therapy, indication and
country, a fund-based model could be very well
accepted and implemented by the different
stakeholders, whereas with a small number of
suitable patients and the possibility of conclud-
ing individual contracts with the payers, the op-
tion of having an installment payment linked to
a P4P approach could make sense.

Mobilization of

However, due to the challenges that have yet to
the market

be conclusively evaluated, the interaction be-
tween genetic engineering developers and users
of genetic engineering methods, geneticists,
ethicists, legislators, public officials, govern-
ment organizations, and stakeholders appears
to be essential to requlate and establish the
adoption of novel technologies. From the phar-
maceutical company’s point of view, this means
toinvestin resources in the mobilization of the
market especially at the beginning. Intensive
contact and exchange with clinical experts, as



well as the early involvement of potential treat-
ment centers but also communication with pay-
ers and regulatory authorities can help to iden-
tifyand address uncertain aspects of the product
at an early stage in order to secure its establish-
ment.

Value story

In this sense, the development, presentation
and integration of the value story of the prod-
uct plays a crucial role in the entire process.
Based on the medical, economic, scientific and
political/public levels of the value story, it isim-
portant to optimally emphasize the value of the
treatment. With regard to gene therapies for

rare diseases, for example, creating awareness
ofthe disease, the precise elaboration of the un-
met needs and the innovation of the mechanism
of action may play a role.

In summary, the first things learned can already be deduced from the prece-
dents, but the gene therapy system is still in its infancy. This makes it all the
more important to have a sound strategy to meet the diverse challenges, to
allow patients access to innovative therapies, and to ensure adequate reim-
bursement. The level of innovation of gene therapies is only one of many fac-
tors influencing the (commercial) success of the product - other factors, such
as early stakeholder management, a collaborative approach, and related de-
velopment of new reimbursement models with mostly country-specific chal-
lenges and requirements as well as the long-term generation of data, such as
through registries or long-term follow-up studies, to reduce uncertainty, are
at least as important and play a decisive role in the market uptake of the prod-
uct. Especially now that there are only a few gene therapies on the market,
there is a chance that the various stakeholders will work together to develop
solutions and advance the healthcare system in the field of gene therapies.
Pharmaceutical companies can address this by serving as collaborative part-
ners, allowing them to take a proactive approach. The solutions developed
should be a viable compromise for all stakeholders in the system; this means
giving priority to reducing uncertainty among payers and continuing to en-
courage manufacturers to develop innovative treatment options. Overall, the

The market access of gene
therapies is shaped by
VUCA [volatility, uncer-
tainty, complexity, ambigu-
ity] — strategic expertise
and agility are therefore
fundamental to the partici-
pants




analysis of the requlatory requirements of the EMA, the FDA, NICE and the Ger-
man institutions, the different approaches to reimbursement, and the general
problems associated with the reimbursement of gene therapy, make it clear
that the aspects identified early on should already be included in the approval
process and considered in order to achieve the best possible positioning. The
success of all these innovative therapies will (have to) be based on strict but
highly flexible regulations that are constantly changing and adapting with re-
gard to the VUCA (volatility, uncertainty, complexity, ambiguity) of the grow-
ing gene therapy field.



5. Appendix

Table 1: FDA guidance for gene therapies

# FDA guidance for gene therapies Published in

1 Draft Guidance for Industry - Interpreting Sameness of Gene Therapy Prod- | 2020
ucts Under the Orphan Drug Regulations

2 Guidance for Industry - Chemistry, Manufacturing, and Control (CMC) Infor- | 2020
mation for Human Gene Therapy Investigational New Drug Applications
(INDs)

3 Guidance for Industry - Long Term Follow-up After Administration of Human | 2020
Gene Therapy Products

4 Guidance for Industry - Testing of Retroviral Vector-Based Human Gene 2020
Therapy Products for Replication Competent Retrovirus During Product
Manufacture and Patient Follow-up

5 Guidance for Industry - Human Gene Therapy for Hemophilia 2020

6 Guidance for Industry - Human Gene Therapy for Rare Diseases 2020

7 Guidance for Industry - Human Gene Therapy for Retinal Disorders 2020

8 Guidance for Industry - Evaluation of Devices Used with Regenerative Medi- | 2019
cine Advanced Therapies

9 Guidance for Industry - Expedited Programs for Regenerative Medicine 2019
Therapies for Serious Conditions

10 Guidance for Industry and FDA Staff - Regulatory Considerations for Human | 2017
Cells, Tissues, and Cellular and Tissue-Based Products: Minimal Manipula-
tion and Homologous Use

11 Guidance for Industry - Same Surgical Procedure Exception under 21 CFR 2017
1271.15(b): Questions and Answers Regarding the Scope of the Exception

12 Guidance for Industry - Deviation Reporting for Human Cells, Tissues, and 2017
Cellular and Tissue-Based Products Requlated Solely Under Section 361 of
the Public Health Service Act and 21 CFR Part 1271

13 Guidance for Industry - Recommendations for Microbial Vectors Used for | 2016
Gene Therapy

14 Guidance for Industry — Design and Analysis of Shedding Studies for Virus or | 2015
Bacteria-Based Gene Therapy and Oncolytic Products

15 Guidance for Industry - Considerations for the Design of Early-Phase Clinical | 2015
Trials of Cellular and Gene Therapy Products

16 Guidance for Industry - Determining the Need for and Content of Environ- | 2015
mental Assessments for Gene Therapies, Vectored Vaccines, and Related Re-
combinant Viral or Microbial Products

17 Guidance for Industry - BLA for Minimally Manipulated, Unrelated Allogeneic | 2014
Placental/Umbilical Cord Blood Intended for Hematopoietic and Immuno-
logic Reconstitution in Patients with Disorders Affecting the Hematopoietic
System

18 Guidance for Industry and FDA Staff - IND Applications for Minimally Manip- | 2014
ulated, Unrelated Allogeneic Placental/Umbilical Cord Blood Intended for




Hematopoietic and Immunologic Reconstitution in Patients with Disorders
Affecting the Hematopoietic System
19 Guidance for Industry — Preclinical Assessment of Investigational Cellular | 2013
and Gene Therapy Products
20 Guidance for Industry - Preparation of IDEs and INDs for Products Intended | 2011
to Repair or Replace Knee Cartilage
21 Guidance for Industry - Clinical Considerations for Therapeutic Cancer Vac- | 2011
cines
22 Guidance for Industry — Potency Tests for Cellular and Gene Therapy Products | 2011
23 Guidance for Industry - Cellular Therapy for Cardiac Disease 2010
24 Guidance for Industry - Considerations for Allogeneic Pancreatic Islet Cell | 2009
Products
25 Guidance for FDA Reviewers and Sponsors — Content and Review of Chemis- | 2008
try, Manufacturing, and Control (CMC) Information for Human Somatic Cell
Therapy Investigational New Drug Applications (INDs)
26 Guidance for Industry - Eligibility Determination for Donors of Human Cells, | 2007
Tissues, and Cellular and Tissue-Based Products
27 Guidance for Industry - Guidance for Human Somatic Cell Therapy and Gene | 1998
Therapy
NIH guideline Published in
NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid | 2016
Molecules
Table 2: EMA guidelines regarding gene therapies
Designation and status | Guidelines, reflection paper | Content Publica-
and recommendations tions
EC No 1394/2007 Regulation on advanced ther- | The requlation is a lex spe- | 10.12.2007
apy medicinal products cialis, which introduces addi-
tional provisions.
EMA/630043/2008 Proceduraladvice on the eval- | This document concentrates | 25.01.2018
uation of advanced therapy | on the initial evaluation of
medicinal product in accord- | new ATMPs, but its principles
ance with Article 8 of Regula- | also apply to post-authorisa-
tion (EC) NO 1394/2007 tion procedures.
EMA/CAT/852602/2018 | Draft: Guideline on quality, | This guideline provides guid- | 21.02.2019

non-clinical and clinical re-
quirements for investiga-
tional advanced therapy me-
dicinal products in clinical tri-
als

ance on the structure and data
requirements for a clinical
trial application for explora-
tory and confirmatory trials
with advanced therapy inves-
tigational medicinal products.
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EMEA/14995/2008

Guideline on safety and effi-
cacy follow -up and risk man-
agement of advanced therapy
medicinal products

The guideline describes spe-
cific aspects of pharmacovigi-
lance, risk management plan-
ning, safety and efficacy fol-
low-up of authorised ATMPs,
as well as some aspects of clin-
ical follow-up of patients
treated with such products.

21.11.2008
Revision 1
(Draft):
01.02.2018

EMA/CAT/80183/2014
(Revision 1)

Quality, preclinical and clini-
cal aspects of gene therapy
medicinal products

Revision of the Note for Guid-
ance on the Quality, Preclini-
cal and Clinical aspects of
gene transfer medicinal prod-
ucts (CPMP/BWP/3088/99),
published in 2001. It defines
scientific principles and pro-
vides guidance for the devel-
opment and evaluation of
GTMPs intended for use in hu-
mans and presented for MAA.
Its focus is on the quality,
safety and efficacy require-
ments of GTMPs.

13.07.2018

EMA/CAT/GTWP/
67163,/2008

Quality, non-clinical and clin-
icalaspects of medicinal prod-
ucts containing genetically
modified cells

This document defines scien-
tific principles and provides
guidance for the development
and evaluation of medicinal
products containing genet-
ically modified cells intended
for use in humans and pre-
sented for marketing authori-
sation.

03.05.2012
Revision 1
(Draft):
31.07.2018

CHMP/BWP/2458/2003

Development and manufac-
ture of lentiviral vectors

This guideline describes qual-
ity aspects that are relevant
for lentiviral vectors (LV). It
applies to LV intended for ex
vivo orin vivo application.

26.05.2005

EMEA/CHMP/GTWP/
125459,/2006

Non-clinical studies required
before first clinical use of
gene therapy medicinal prod-
ucts

This document defines scien-
tific principles and provides
guidance to applicants devel-
oping gene therapy medicinal
products (GTMPs). It focuses
on the non-clinical studies re-
quired before the first use of a
GTMPs in human subjects

30.05.2008
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EMEA/273974/2005

Non-clinical testing for inad-
vertent germline transmission
of gene transfer vectors

This document provides guid-
ance on non-clinical inadvert-
ent germline transmission
testing needed to support
clinical development of gene
transfer medicinal products
consisting of or containing
replication-incompetent vec-
tors, genetically modified vi-
ruses or so-called naked nu-
cleic acids directly adminis-
tered to humans.

16.11.2006

CAT/CPWP/
686637/2011

Risk-based approach accord-
ing to Annex I, part IV of Di-
rective 2001/83/ECapplied to
Advanced Therapy Medicinal
Products

This document provides guid-
ance on the application of the
risk-based approach in the
preparation of a marketing au-
thorisation application.

08.03.2013

EMEA/CHMP/GTWP/
60436,/2007

Follow-up of patients admin-
istered with gene therapy me-
dicinal products

This document addresses spe-
cific aspects of the active clin-
ical follow-up of patients ad-
ministered with gene therapy
medicinal products in order to
detect signals of early or de-
layed adverse reactions, to
prevent clinical consequences
of such reactions, to ensure
timely treatment and to gain
information on the long-term
safety and efficacy of the in-
tervention.

13.11.2009

EMEA/CHMP/GTWP/
125491/2006

Scientific requirements for
the environmental risk as-
sessment of gene-therapy me-
dicinal products

This document provides guid-
ance on the environmental
risk assessment of GMO-con-
taining gene therapy medici-
nal products, as required for
marketing authorization un-
der the centralized procedure.
It aims to facilitate the appli-
cation of the methodology laid
down in the Directive
2001/18/EC on the deliberate
release into the environment
of genetically modified organ-
isms.

01.11.2008
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EMA/CAT/GTWP/
44236/2009

Design modifications of gene
therapy medicinal products
during development

This document presents reqgu-
latory considerations given for
specific gene therapy medici-
nal products where the char-
acteristics have been changed
at various stages during clini-
cal development. It gives
some insight into the types of
studies that are likely to be re-
quired in an application dos-
sier to support the modifica-
tion in the product design in-
troduced during development.

09.02.2012

EMEA/CHMP/GTWP/
587488/2007

Quality, non-clinical and clin-
icalissues relating specifically
to recombinant adeno-associ-
ated viral vectors

This document aims to discuss
quality, non-clinical and clini-
cal issues that should be con-
sidered during the develop-
ment of medicinal products
derived from adeno-associ-
ated viral vectors. It indicates
requirements that might be
expected at the time of a mar-
keting authorisation applica-
tion

08.07.2010

EMA/CAT/190186,/2012

Management of clinical risks
deriving from insertional mu-
tagenesis

This document discusses the
factors contributing to geno-
toxicity of vector integration,
the strategies to reduce the
risk associated to insertional
mutagenesis and the assays to
evaluate vector oncogenesis
at the pre-clinical and clinical
level.

01.08.2013

EMA/CAT/499821/2019

Questions and answers on
comparability considerations
for advanced therapy medici-
nal products (ATMP)

This document addresses
questions on how to demon-
strate comparability for gene
and cell-based medicinal
products following change to
the manufacturing process or
due to introduction of addi-
tional manufacturing sites.

13.12.2019

EMA/CHMP/GTWP/
212377/2008

Questions and answers on
gene therapy

This  document addresses
questions on matters related
to the development of gene
therapy medicinal products. It

13.01.2010




provides harmonized position
on issues that can be subject
to different interpretation or
require clarification, typically
arising from discussions dur-
ing briefing meetings with
stakeholders.

EMEA/CHMP/ICH/
449035/2009

ICH Considerations: general
principles to address virus and
vector shedding

This document provides rec-
ommendations for designing
non-clinical and clinical vi-
rus/vector shedding studies.
In particular, it emphasizes
the analytical assays used for
detection and considerations
for the sampling profiles and
schedules in both non-clinical
and clinical studies. The inter-
pretation of non-clinical data
and its use in designing clini-
cal studies is also within the
scope of this paper, as well as
the interpretation of clinical
data in assessing the need for
virus/vector transmission
studies.

01.07.2009

EMEA/CHMP/ICH/
607698/2008

ICH Considerations: oncolytic
viruses

This document describes the
general principles for the
manufacturing, characterisa-
tion, non-clinical and clinical
testing of medicinal products
based on oncolytic viruses.

21.10.2009
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7. SKC - Partners to trust

The SKC Beratungsgesellschaft (following ,SKC”) is a management consultancy especially designed for the
health sector and has been supporting various companies and organisations in strategic challenges in the
health sector for over 13 years as a medium-sized company based in Hanover. The focus is always on the
development of valuable solutions that are geared to the individual needs of clients from the pharmaceutical
industry, MedTech & biotechnology and statutory health insurance companies.

Pharmaceutical Med, Bio & Statutory Health
Industry DigiTech Insurance

We at SKC think that every activity in the health care industry should focus on the improvement of the
patient’s situation

We are convinced that the best solution for a health care problem can only be found 1n a competitive
landscape, shaped by innovation and empowered by trust.

We believe a better, more effective, efficient and fair health care system is possible due to digital
technologies, interdisciplinary networks and highest professional standards.

SKC - Core Expertise & Vision

SKC combines the strategic perspective with the methodical and analytical expertise of a scientificinstitute.
The roots in the Institute for Epidemiology, Social Medicine and Health System Research at the Hannover
Medical School and in the Boston Consulting Group provide this double perspective.

The founders and managing directors of SKC are Prof. Dr. med. Matthias P. Schénermark and Dipl.-Kauffrau
Heike Kielhorn, who are supported by an interdisciplinary team from the fields of health economics and busi-
ness administration, sociology, pharmacy and medicine, back office and scientists, with close contacts to
clinical and scientific groups at the MHH.
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SKC Beratungsgesellschaft mbH
Pelikanplatz 21

30177 Hannover

Deutschland

+49 511/ 6468 14 -0
www.skc-beratung.de

schoenermark@skc-beratung.de
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