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Cellular immunotherapies and gene replacement therapies herald new
therapeutic categories and renewed discussion of how transforma-
tive therapies should be integrated into the US healthcare system. All
stakeholders will need to participate in processes focused on long-term

healthcare system stewardship.
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INTRODUCTION

As new cellular immunotherapies
and gene replacement therapies
are approved, a renewed discus-
sion has emerged concerning how
transformative therapies should be
integrated into the US healthcare
system. The 2017 approval of No-
vartis’ tisagenlecleucel (Kymriah®),
a chimeric antigen receptor T-cell

(CAR-T) therapy, was followed

quickly by the approvals of axi-
cabtagene ciloleucel (Yescarta®), an-
other CAR-T product, voretigene
neparvovec-rzyl (Luxturna®), an
ocular gene therapy, and onasem-
nogene abeparvovec-xioi (Zolgens-
ma®), a gene therapy for spinal
muscular atrophy. Rapid market
entry will continue, with 40-60
product approvals anticipated by
2030 [1]. Payers, clinicians, and
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patients alike desire that cellular
immunotherapy and gene therapy
products will be successful and that
individuals afflicted with life-alter-
ing and fatal illnesses will have the
potential for cure. However, eco-
nomic pragmatism demands that
we maintain the affordability of
health care for all — a challenge that
will grow as these therapies become
more available.
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AFFORDABILITY

To understand the impact of these
therapies on affordability, both
the macro and micro levels of the
healthcare system must be consid-
ered. Early products set a bench-
mark on pricing: $373,000 to
$475,000 for the two approved
CAR-T products, based on indi-
cation, and $425,000 per eye for
Luxturna® [2]. Novartis recently
announced a price of $2.125 mil-
lion for its one-time therapy, Zol-
gensma® — and other companies in
the blood disorder and pediatric
neuromuscular disease spaces have
indicated similar expectations [3,4].

Widespread perception about
these therapies is that they are af-
fordable at any price because of
the exceptionally small number
of eligible individuals. While it is
true that the first gene therapies to
market are indicated for ultra-rare/
ultra-orphan diseases — with pre-
dicted incidence populations fewer
than 10,000 and less than 500 in
some cases — the limited numbers
associated with the initial approv-
als and indications are simply the
first phase of the market. A primary
factor in expanding commercial use
will be an initial surge to treat wait-
ing prevalent populations. A second
wave of expansion will come from
a pipeline of therapies intended
for larger populations. In public-
ly available investor presentations,
several companies have stated their
plans for post-approval broadening
of indications to more common dis-
ease subtypes. In some therapeutic
scenarios, such as autologous T-cell
receptor therapy for non-small cell
lung cancer, even the initial approv-
al indication could mean that sever-
al hundred thousand individuals per
year would be eligible for treatment.

DOI: 10.18609/cgti.2019.086

The cumulative effect of the stack-
ing of individual rare diseases needs
to be recognized by all stakeholders,
particularly as precision medicine
continues to reveal molecular sub-
types of the more common disease
states.

Despite high prices and a pre-
dicted expanding patient popula-
tion, a perception that there will be
a negligible impact on affordability
as costs are spread across the in-
sured population persists. However,
the US healthcare system does not
operate as an aggregate. The US has
a multi-payer system with a wide
variety of government and private
health insurance companies and
organizations, all of whom serve a
diverse array of purchaser accounts
and individuals. As such, the system
is stratified into numerous smaller
risk-taking entities. Each purchaser
will represent a different cohort of
member lives and corresponding-
ly faces different risks of each rare
disease type among their member-
ship as a result of population de-
mographics such as age, ethnicity,
or the presence of genetic traits
clustered within families. Moreover,
the rapid diffusion of employers
choosing self-funded insurance has
altered the size of insured popula-
tions and the distribution of risk
among insured groups. Over 90%
of companies with more than 1000
employees are self-funded, and 61%
of individuals employed by a firm
of any size receive their healthcare
through self-funding [5].

New financial mechanisms are
in development to accommodate
the transfer of high dollar amounts,
but these plans do not change the
fact that today’s first-dollar payers
are frequently individual employer
accounts. While stop-loss insur-
ance may limit an account’s total




initial spend, affordable stop-loss
may prove elusive after several high-
cost claims. Correspondingly, the
affected patients and their families
bear a substantial financial bur-
den — often paying the maximum
of all cost-sharing provisions while
facing additional out-of-pocket
costs. Thus, the idea that rare dis-
ease spend will be spread out over
the entire population does not hold
operationally true. The distribution
of cost for each treatment case falls
on a single payer and the financial
structure that payer has put in place
to handle high-cost claims, not the
system as a whole. Even the Centers
for Medicare and Medicaid Services
(CMS) are not structured to spread
costs in such a manner, given the
subdivisions of Medicare into Fee-
for-Service and Medicare Advantage
and the dissimilarity between state
Medicaid populations and budgets.

The perception that insurers
will bear the cost of these therapies
also misunderstands a fundamental
mechanism of employer-sponsored
health care coverage. In an employ-
er-sponsored system, insurance is a
component of wages and salaries,
and premiums are ultimately pulled
from the pool of funds available for
total compensation. The Medical
Expenditure Panel Survey (2017)
noted the average employed indi-
vidual spends more than 6.9% of
their income on health care premi-
ums and another 4.8% on deduct-
ibles associated with their health
insurance coverage, not account-
ing for additional payments before
reaching a maximum out-of-pocket
policy limit or non-covered costs [6].
Increases in premiums alone, not in-
cluding other healthcare spending,
grew at twice the pace of both wage
growth and inflation over the last
11 years [7]. Thus, all organizations

that manage health care benefits
have a fiduciary responsibility to be
prudent with the allocated capital
and to ensure there are adequate
resources for the services incurred.
Fiduciaries place a high priority on
maintaining access to care through
affordable premiums, which they
accomplish through making in-
formed decisions about which ser-
vices are covered, how payment
policies will be negotiated and how
best to deliver complex, high-cost
services through specialty networks
and benefit design.

ADAPTABILITY

Developers are seeking an inno-
vator’s premium and are request-
ing adaptation of payer systems,
citing that current systems are not
amenable to paying for high-cost
therapies. Developers propose that
payers should collaborate in new
ways to support access to transfor-
mative therapies, including the use
of annual payment annuities or per-
formance-based refund models rely-
ing on collaborative data resources,
as well as portability vehicles that
would allow outcomes-based agree-
ments to follow patients as they
move between payers.

While the entire health care
system may benefit from changes
in regulatory policy and payment
mechanisms, such a focus rep-
resents only one aspect of system in-
novation. Historically, the diffusion
of technological innovation was
possible due to a reduction in the
cost of such innovations and should
remain a focus today. To promote
efficient pricing models, developers
also need to address the drivers of
the cost of goods for cellular im-
munotherapies and gene therapies.
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Lean processes, collaborative struc-
tures, and innovative partnerships
all have the potential to reduce the
costs of goods sold.

EVIDENCE GENERATION

The substantial financial commit-
ment to gene therapies and cellular
immunotherapies should be accom-
panied by a societal commitment
to an ongoing learning system. All
stakeholders need additional infor-
mation to answer questions about
how these new therapies perform in
clinical use. The concerns around ef-
fectiveness, safety, durability, appro-
priate use, and quality improvement
can be addressed through pharma-
covigilance tracking, registries, and
extensive health economics analy-
ses. Building systems to collect and
analyze long-term treatment effects,
best fit populations, and outcomes
of interest to all stakeholders should
be a primary focus of collabora-
tion. The collection and sharing of
clinical outcomes will be a critical
area of work for all parties involved
with the provision of gene therapies
and cellular immunotherapies. All
stakeholders will be interested in
whether the projected clinical out-
comes and reductions in healthcare
utilization are borne out over time.
Developers would be well-served to
participate in the process of proving
out their estimations with support-
ing long-term follow-up.

Data on patient and caregiver ex-
perience and quality of life are also
of interest. The Centers for Medi-
care & Medicaid Services (CMS)
proposed the required collection
of patient-reported quality of life
at set intervals post-treatment for
any CAR-T product provided to a
Medicare beneficiary as part of its

DOI: 10.18609/cgti.2019.086

National Coverage Analysis Pro-
posed Decision for Chimeric Anti-
gen Receptor T-Cell Therapy [8,9].
Developers and clinicians should
consider this proposal from CMS as
an early precedent of the kinds of
additional data payers may request,
even if not part of the US Food and
Drug Administration’s (FDA) phar-
macovigilance requirements.

The creation of evidence genera-
tion platforms that support multi-
ple stakeholder use will advance the
field. Ideally, these therapies would
be tracked across the disease state by
an independent organization that is
both informed by and accessible to
clinician researchers and external
organizations. Gaining a compre-
hensive data set for a clinically relat-
ed set of therapies of the pathways
patients take during their disease
course, and perhaps one that can be
married to payer utilization data, is
far preferred as a multi-stakeholder
resource over a proprietary single
therapy registry. The Blue Cross and
Blue Shield Association (BCBSA)
promotes the collection of relevant
clinical outcomes within provider
designation programs such as the
Blue Distinction Centers. We en-
courage developers to seek collab-
orations by engaging the relevant
clinical and patient communities
and existing registry stewards as
part of this endeavor.

An exemplar of data tracking is
the Center for International Blood
and Marrow Transplant Research
(CIBMTR), an outcomes database
which has the ability to track indi-
viduals as they experience multiple
interventions during their treatment
course. In 2016, the CIBMTR ex-
panded its focus from hematopoiet-
ic cell transplantation to include cel-
lular immunotherapies like CAR-T.
CIBMTR data are accessible to any




qualified stakeholder through a re-
quest process and multiple clini-
cian advisory committees determine
collaborative research projects. The
CIBMTR was awarded the first Na-
tional Cancer Institute Moonshot
Initiative contract for the Cellular
Immunotherapy Data Resource in
2018 as a result [10]. The CIBM-
TR serves as a resource for develop-
ers to address their Food and Drug
Administration  post-market sur-
veillance requirements and. is also
expected to serve as the resource for
protocols that will meet the CMS
coverage with evidence development
study requirements.

We acknowledge that the devel-
opment of this type of data resource
may be perceived as an addition-
al burden to be carried by those
who are first to market, but we feel
strongly that the combination of
price and unique scientific mech-
anisms associated with these ther-
apies warrant an enhanced level of
monitoring and analysis. Collabo-
ration among stakeholders to deter-
mine what matters — and to whom
— will be important to establish core
outcome measures and to find com-
mon ground in the pursuit of con-
tinuous learning through evidence
generation.

TALK TO US

The Blue Cross and Blue Shield
Association (BCBSA) invites gene
therapy and cellular immunother-
apy developers to talk with us well
in advance of anticipated FDA ap-
proval. The BCBSA is a national as-
sociation of 36 independent, com-
munity-based and locally operated
Blue Cross Blue Shield companies.
Operating since 1929, the Blue
Cross and Blue Shield companies

cumulatively have more than 106
million members in all 50 states,
Washington, DC, and Puerto Rico.

Each of the anticipated new ther-
apies will carry a unique combina-
tion of clinical targets, mechanisms
of action, episodes of care, potential
toxicities, care-team profiles and sites
of care. Early communication will
provide BCBSA and BCBS compa-
nies with lead time to address the
education and implementation con-
siderations, with a focus on the im-
pact to members in the care system.
While it is outside the bounds of this
piece, BCBSA can have more de-
tailed conversations about evidence
generation and review processes, as
well as the development of BCBS
company resources that may assist
in establishing post-launch com-
munication between developers and
BCBS stakeholders. The success of
transformative therapies will depend
on more than science — it will require
deliberate system stewardship among

all health care stakeholders.
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Health Technology Assessment
of Gene Therapies in Europe

and the USA: Analysis and
Future Considerations

Tingting Qiu, Eve Hanna, Monique Dabbous,
Borisov Borislav & Mondher Toumi

Gene therapies constitute a new concept of transformative therapies,
administered once in a lifetime. The value assessment of these innova-
tive therapies constitutes a challenge for health technology assessment
(HTA) bodies. The HTA reports for all seven gene therapies that have to
date been granted a market authorization in the European Union (EU)
and/or the United States (US) were examined to understand the ratio-
nale behind their assessment outcomes and to explore the differences in
value assessment across US, England, Scotland, France and Germany. In
England, Imlygic® was accepted for use with the manufacturer agreeing
to the application of a discount to the list price under a patient access
scheme (PAS), while Strimvelis® was recommended due to its cost-ef-
fectiveness estimate being considered as reasonable under the highly
specialized technology (HST) evaluation. KYMRIAH® and Yescarta® were
approved for use within the Cancer Drugs Fund (CDF) in England, con-
ditionally, as long as managed access agreements are upheld. In France,
KYMRIAH®, Yescarta®, and Luxturna® were considered as having import-
ant actual clinical benefit. In France, GLYBERA® was considered to have
‘insufficient’ benefit due to its unsustainable and heterogeneous treat-
ment effects. In Germany, the extent of the added benefit of GLYBERA®,
KYMRIAH®, and Yescarta® was evaluated as ‘non-quantifiable’ as the
submitted evidence made reliable, comparative assessments difficult. In
Germany, Imlygic® was assessed to have no added benefit due to the
selection of inappropriate comparators. In Scotland, KYMRIAH® was
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accepted for B-cell acute lymphoblastic leukemia treatment with a PAS,
while Yescarta® and KYMRIAH® for diffuse large B-cell lymphoma were
rejected due to unjustified cost-effectiveness estimates. In the USA,
KYMRIAH®, Yescarta®, Luxturna®, and Zolgensma® were evaluated as
having substantial net health benefits, however, a high certainty of con-
clusion for the assessment of Zolgensma® was established. Although
the limitations in pivotal studies resulted in substantial uncertainties re-
garding long-term treatment benefit, there was still a possibility for gene
therapies to gain acceptance from HTA bodies. Most importantly, further
evidence collection becomes the critical key, not only to reduce the un-
certainty in reimbursement decisions, but also to increase the public’s
confidence in the use of gene therapies.

Cell & Gene Therapy Insights 2019; 5(8), 1043-1059
DOI: 10.18609/cgti.2019.112

INTRODUCTION

Advanced therapy medicinal prod-
ucts (ATMPs) have transformed
the disease treatment paradigm,
not only alleviating disease symp-
toms but targeting the primary
cause of diseases and curing them
through single or short/limited
term therapy administration [1].
Regulators have introduced a series
of proactive strategies to acceler-
ate the market approval of ATMPs
through the adoption of flexible
evidence assessment approaches
and the implementation of expe-
dited programs [2].

Despite an expanding number
of ATMPs with regulatory approval
(Table 1), addressing the uncertain-
ties around the value and its impact
on pricing and reimbursement de-
cisions of ATMPs remains challeng-
ing [3]. ATMPs are generally con-
sidered to be costly, partly as a result
of the high cost of development,
manufacturing, and clinical admin-
istration. The coverage decisions are
commonly driven by value assess-
ment conducted by Health Tech-
nology Assessment (HTA) bodies,

DOI: 10.18609/cgti.2019.112

which tend to hold a more conser-
vative attitude towards the appre-
ciation of ATMPs as only scarce
evidence is available to determine
their long-term clinical benefit [4].
Furthermore, it is important to note
that payers in the different countries
have different perspectives on value
appreciation and willingness-to-pay
for certain values [5]. Such incon-
sistences in value appreciation will
probably lead to disparity in reim-
bursement and pricing decisions.
This discussion paper aims to
review HTA reports for gene ther-
apies in 5 countries, including the
USA, the United Kingdom (En-
gland and Scotland), France, and
Germany (Table 2). The HTA re-
ports were retrieved from the In-
stitute for Clinical and Economic
Review (ICER) [6] in the USA, the
National Institute for Health and
Care Excellence (NICE) [7] in En-
gland in the UK, the French Na-
tional Authority for Health (HAS)
[8] in France, the Federal Joint
Committee (G-BA) [9] in Germa-
ny, and the Scottish Medicine Con-
sortium (SMC) [10] in Scotland.
Furthermore, this paper examines
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—» TABLE 1
Gene therapy with market authorization in European Union and the USA.
market authorization
EU GLYBERA® Alipogene tiparvovec Familial lipoprotein lipase deficiency (LPLD) and 25/10/2012 Approval under exceptional Withdrawn (28/10/2017)
suffering from severe or multiple pancreatitis at- circumstance
tacks despite dietary fat restrictions
EU Imlygic® Talimogene laherparepvec Unresectable metastatic melanoma 16/12/2015 Standard approval Authorized
EU Strimvelis® Autologous CD34+ enriched cell Severe combined immunodeficiency due to ade- 26/05/2016 Standard approval Authorized
fraction that contains CD34+ cells nosine deaminase deficiency (ADA-SCID)
transduced with retroviral vector that
encodes for the human ADA cdna
sequence
USA, EU KYMRIAH® Tisangenlecleucel » Relapsed or refractory B-cell acute lymphoblastic USA: 30/08/2017 USA: priority review, breakthrough Authorized
leukaemia (ALL) EU: 22/08/2018 designation (BTD)
» Relapsed or refractory diffuse large B-cell USA: 13/04/2018 EU: priority medicine (PRIME)
lymphoma (DLBCL) EU: 22/08/2018
USA, EU Yescarta® Axicabtagene ciloleucel DLBCL and primary mediastinal B-cell lymphoma USA: 18/10/2017 USA: priority review, BTD Authorized
after two or more systemic therapies EU: 23/08/2018 EU: PRIME
USA, EU Luxturna® Voretigene neparvovec Biallelic RPE65 mutation-associated retinal USA: 19/12/2017 USA: priority review, BTD Authorized
dystrophy EU: 22/11/2018
USA Zolgensma® Onasemnogene abeparvovec-xioi Pediatric patients less than 2 years of age with 24/05/2019 USA: priority review, BTD Authorized
spinal muscular atrophy (SMA) with bi-allelic muta-
tions in the survival motor neuron 1 (SMN1) gene
—» TABLE 2
HTA decisions for Gene therapy approved in Europe and the USA.

Brand name Health technology assessment decisions in each country

GLYBERA® Not recommended Recommended NA NA NA
(SMR*: insufficient) (Added benefit: proven;
Extent of added benefit: non-qualifiable)
Imlygic® NA Recommended Recommended with patient ac- Not recommended: in the absence NA
(Added benefit: no; cess scheme of submission of MA holder
Extent of added benefit: no)
Strimvelis® NA NA Recommended NA NA
KYMRIAH® Recommended for hospital use for Recommended for both indications. Recommended for use within » B-cell ALL: recommended with » At least a small net health benefit
both indications. (Added benefit: proven CPF for both indications, along patient access scheme » ICER met the cost-teffectiveness threshold
» B-cell ALL (SMR: important, ASMR: Ill); | Extentof added benefit: with market access agreement » DLBCL: not recommended
non-unqualifiable)
» DLBCL (SMR: important, ASMR: 1V)
Yescarta® Recommended for hospital use for Recommended for both indication Recommended for use within Not recommended for neither » At least a small net health benefit
both indications (SMR: important, (Added benefit: proven; CDF for both indications, along indications » ICER met the cost—effectiveness threshold
ASMR: ll) Extent of added benefit: non-qualifiable) | with market access agreement
Luxturna® Recommended for hospital use (SMR: Ongoing Ongoing Ongoing > At least a small net health benefit
important; ASMR: 1) » ICER higher than the cost-effectiveness threshold
Zolgensma® NA NA NA NA » High possibility to have a substantial net health
benefit.
» ICER higher than the cost-effectiveness threshold
ASMR: The Improvement of Medical Benefit; ALL: Acute lymphoblastic leukemia; CDF: Cancer Drugs Fund; DLBCL: Diffuse large B-cell lymphoma; ICER: Incremental Cost-Effectiveness Ratio; NA: Not Applicable; SMR: The Medical Benefit.
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and discusses the differences in
value appreciation processes across
these five countries to explore the
impact of these factors on the re-
imbursement decision-making for
gene therapies.

HEALTH TECHNOLOGY
ASSESSMENT FOR SEVEN
GENE THERAPIES

GLYBERA?® (alipogene
tiparvovec)

GLYBERA?®, for the treatment of
adult patients with familial lipo-
protein lipase (LPL) deficiency who
have severe or multiple pancreatic
crises despite a low-fat diet, was re-
viewed by the HAS in France and
by the G-BA in Germany. GLY-
BERA® was withdrawn from EU
on 28 October 2017 since the MA
holder decided not to apply for a re-
newal of MA.

France: HAS

The HAS stated that the actual ben-
efit of GLYBERA® was insufficient
(SMR: insufficient) to be recom-
mended in the list of reimbursable
products for the following reasons:
1) moderate effect on the blood tri-
glyceride level was not maintained
beyond one year, and the patient re-
sponses to treatment were heteroge-
neous; 2) no proof that GLYBERA®
had an impact in the prevention of
pancreatitis; 3) uncertainties about
its short- and medium-term safety
due to its complex mode of admin-
istration. Taking the limitations in
methodology (open, before/after,
small patient number, questionable
primary efficacy endpoint) into

DOI: 10.18609/cgti.2019.112

account, the benefit of GLYBERA®
could not be established [11].

Germany: G-BA

The G-BA evaluated the extent of
added benefit of GLYBERA® as
‘non-quantifiable’ because the data
provided by manufacturers did not
permit a reliable assessment. The
G-BA pointed out that the pivotal
studies had a high risk of bias in
study design and outcomes. The
study populations and dosage re-
gime only partially complied with
approved label. In line with the Eu-
ropean Medicines Agency’s request
for the establishment of a patient
registry and further data collection
regarding its efficacy and safety, the
G-BA’s decision was only valid for
one year, at which time the re-eval-
uation of GLYBERA® would begin
based on the new evidence collected
[12].

IMLYGIC® (TALIMOGENE
LAHERPAREPVEC)

Imlygic® for the treatment of un-
resectable, regionally or distantly
metastatic melanoma has been eval-
uated in England and Germany.
NICE considered it to be cost-effec-
tive when compared with available
treatments other than immunother-
apies, while the G-BA assessed Im-
lygic® to have no added benefit due
to the use of an inappropriate com-
parator from the G-BA perspective.

The United Kingdom:
England: NICE

Not the same as the indica-
tion approved by EMA, NICE




recommended that the use of Im-
lygic® should be restricted to adult
patients whose diseases were not suit-
able for immunotherapies. As agreed
in the patient access scheme, the
manufacturing company must apply
a discount to Imlygic™s list price. Im-
lygic® was proven to have a significant
improvement in overall survival and
complete response compared with
an ineffective treatment (GM-CSF).
However, a reliable assessment for
the effectiveness of Imlygic® against
currently used immunotherapies
(such as ipilimumab) was difficult
due to a lack of evidence. This made
the ICER appreciation for Imlygic®
versus immunotherapies impossible.
Nevertheless, NICE considered Im-
lygic® to be cost-effective compared
to dacarbazine and the best support-
ive care [13].

Germany: G-BA

The G-BA distinguished between
three treatment populations: 1)
treated naive adults with BRAF
V600 mutant tumor, 2) treat-
ed naive adults with BFAR V600
wild type tumor; and 3) pre-treat-
ed adults. The German HTA body
also specified a different, appropri-
ate comparator therapy for each
treatment population. The manu-
facturer-selected comparator, GM-
CSE did not concur with any of
the research questions and was
not approved for the treatment of
melanoma. The Institute for Qual-
ity and Efficiency in Health Care
(IQWIG), which advises the G-BA,
considered that no studies allowing
for an indirect comparison with the
appropriate comparator therapy
were presented. As no suitable data
from which an added benefit could

be derived was available, an added

benefit of Imlygic® was not proven
[14].

STRIMVELIS®

Strimvelis® for the treatment of se-
vere combined immunodeficiency
due to adenosine deaminase defi-
ciency (ADA-SCID) has been eval-
uated in England only. Additional-
ly, Italy, as the only country with a
licensed manufacturing center for
Strimvelis®, also agreed to reimburse
it with a pay for performance deal.

England: NICE

NICE has recommended Strimve-
lis® as an option for the treatment of
severe combined immunodeficiency
due to adenosine deaminase defi-
ciency (ADA-SCID). Strimvelis®
was considered as a highly special-
ized technology (HST) due to the
ultra-rare nature of its target disease
and its innovative mechanism of
action. Despite the uncertainty in
small patient number and uncon-
trolled study design, NICE deter-
mined that Strimvelis® showed clin-
ical benefits in improving survival
and reconstituting the patients’ im-
mune system. Moreover, its advan-
tages over hematopoietic stem cell
transplantation (HSCT) in terms
of lower risk of post-treatment
mortality and the lack of graft-ver-
sus-host disease (GvHD) were also
appreciated. NICE believed that
Strimvelis® had an ICER lower than
the cost—effectiveness threshold
(£100,000 per QALY gained) that
is commonly considered as accept-
able as a HST, even when several
health-related benefits and wider
benefits of Strimvelis® were not cap-
tured in the economic analysis [15].
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KYMRIAH®
(Tisagenlecleucel)

KYMRIAH®, indicated for the
treatment of B-cell acute lympho-
blastic leukaemia (ALL) and for the
treatment of relapsed or refractory
diffuse large B-cell lymphoma (DL-
BCL), has been evaluated in five
countries (UK, France, Germany,
Scotland, and the USA). It is reim-
bursed for both indications in four
countries (England, France, Germa-
ny, and the USA). In Scotland, KY-
MRIAH®, was reimbursed for the
treatment of B-cell ALL, yet failed
to be accepted for the treatment of
DLBCL.

The United Kingdom:
England: NICE

NICE recommended KYMRIAH®
for both indications in the treat-
ment of B-cell ALL and DLBCL,
with funding from the Cancer Drugs
Fund (CDF) via a managed entry
agreement detailing the conditions
of the recommendation [16,17]. The
CDF provides interim funding for
promising new cancer treatments in
order to facilitate patient access, pri-
marily where NHS, based on NICE
recommendation, is unwilling and/
or unable to fund [18]. The cost—ef-
fectiveness estimate for KYMRIAH®
was higher than the threshold which
NICE normally considers as accept-
able. Therefore, KYMRIAH® was
not recommended for routine use
in England. Additional data will be
collected from ongoing clinical trials
(ELIANA study for B-cell ALL pa-
tients and JULIET study for DLBCL
patients) and from UK routine, pop-
ulation-wide public health databases
to address uncertainties surrounding:
1) more mature data to support its

DOI: 10.18609/cgti.2019.112

curative nature; 2) rate of subsequent
stem cell transplant (in case of B-cell
ALL); 3) the number of patients who
will need intravenous immunoglobu-
lin treatment and the treatment dura-
tion. NICE will begin a review of the
current guideline once the additional
data becomes available.

The United Kingdom:
Scotland: SMC

The SMC recognized KYMRIAH®’s
higher overall remission rate com-
pared with historical controls in the
treatment of B-cell ALL indicated
in the pivotal ELIANA study, and
agreed to accept greater uncertain-
ty in the economic analysis of an
ultra-orphan  drug. KYMRIAH®
was accepted for reimbursement
in B-cell ALL treatment with the
implementation of Patient Access
Scheme (PAS) to improve its cost—
effectiveness. Additionally, opinions
from the Patient and Clinical En-
gagement (PACE) process were also
taken into account. They concluded
that, as a potentially life-extending
and even curative treatment, KYM-
RIAH® could help reduce the emo-
tional burden and improve overall
quality of life for B-cell ALL patients
[19]. However, KYMRIAH® was not
recommended for DLBCL because
the treatment cost in relation to its
health benefits was not sufficiently
justified, in addition to a lack of ro-
bust economic analysis [20].

France: HAS

The HAS has considered KYM-
RIAH® to have a high actual clini-
cal benefit (SMR: important) and

a moderate clinical added benefit
(ASMR: III) for the treatment of




B-cell ALL based on the evidence
that high rates of complete remission
were achieved in both the ELIANA
and ENSIGN studies (approximate-
ly 67% in the intention to treat pop-
ulation) [21]. The HAS also assessed
KYMRIAH?® as having a high actual
clinical benefit (SMR: important)
and a minor clinical added value
(ASMR: 1IV) for the treatment of
DLBCL [22]. HAS suggested that
the precise quantification of clinical
benefits was difficult due to the lack
of comparative studies versus exist-
ing treatments. Uncertainties re-
mained in the persistence of efficacy,
long-term safety and the impact of
complex treatment process on actual
efficacy. Health authorities at HAS
further pointed out that the admin-
istration of KYMRIAH® should
only be limited to a small number of
qualified healthcare institutions.

Germany: G-BA

The added benefit of KYMRIAH®
in both B-cell ALL and DLBCL was
considered to be already proven due
to its orphan drug status within Ger-
man regulation in early benefit assess-
ment. The G-BA evaluated the extent
of additional benefit of KYMRIAH®
for the treatment of B-cell ALL and
DLBCL as ‘non-quantifiable’ due
to data scarcity and the uncertainty
in short follow-up duration, incom-
plete patient recruitment, the impact
of bridging therapy (chemotherapy
received before KYMRIAH® treat-
ment), and the indirect comparison
with historical evidence [23,24].

USA: ICER

ICER stated that the uncertainty in
a non-comparative study with small

patient size and short follow-up made
it difficult to evaluate the magnitude
of health benefit compared to oth-
er therapies. However, considering
KYMRIAH®s superior efficacy and
manageable adverse effects, ICER
did recognize that it at least offered
a small net health benefit compared
with current salvage chemotherapy
in both B-cell ALL and DLBCL pa-
tients. KYMRIAH® was, therefore,
considered to provide clinical bene-
fits in terms of the improvement of
Quality-Adjusted Life-Years (QALYs)
and the survival rate versus the com-
parator, and meeting the commonly
cited cost—effectiveness threshold in

the USA ($150,000 per QALY) [25].

YESCARTA®
(AXICABTAGENE
CILOLEUCEL)

Yescarta® for the treatment of dif-
fuse large B-cell lymphoma (DLB-
CL) and primary mediastinal large
B-cell lymphoma (PMBCL) has
been evaluated in 5 countries (UK
— England, UK — Scotland, France,
Germany, and the USA).

England: NICE

NICE recommended Yescarta® for
use within the CDF along with a
managed access agreement outlin-
ing the conditions of the recom-
mendation. Yescarta® met NICE’s
requirements for a life-extending
treatment at the end of life. NICE
recognized its clinical benefits
shown in increasing patients’ sur-
vival (overall or progression-free)
and response rates. However, the ex-
act magnitude of Yescarta®s benefit
was unknown due to the limitation
regarding short follow-up duration
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and the non-comparative design of
pivotal study. NICE requested that
further data be collected from ongo-
ing clinical trial (ZUMA-1) in order
to reduce the uncertainty in surviv-
al (overall and progression-free) and
immunoglobulin use until February
2022. Once this data is obtained
and made available, NICE will
re-evaluate whether it should be rec-
ommended for use and update the
current guidance accordingly [26].

France: HAS

HAS considered Yescarta® had a
high actual clinical benefit (SMR:
important) and a moderate clini-
cal added benefit (ASMR: III) for
both indications [27], unlike KYM-
RIAH®. This assessment was made
primarily relying on the results of
ZUMA-1 study, in which Yescar-
ta® showed potential clinical ben-
efits in complete response rate and
18-month survival rate. However,
HAS requested that further data be
collected and provided to address
the uncertainties regarding the efh-
cacy, safety, and complexity of the
treatment process. Yescarta”s use
should be restricted to a small num-

ber of specifically qualified centers.

Germany: G-BA

The added benefit of Yescarta® was
considered as proven due to its or-
phan drug status, while the extent
of added benefit of Yescarta® was
evaluated as ‘non-quantifiable’.
As suggested in the SCHOLAR-1
study, the G-BA acknowledged that
Yescarta® had a potential advantage
in improving the overall survival for
both DLBCL and PMBCL patients.

Considering the disease severity and

DOI: 10.18609/cgti.2019.112

poor prognosis, the improvement
in overall survival could be of high
meaning. However, due to the lim-
itation regarding indirect historical
comparison and further uncertainty
in the ZUMA-1 study, the compar-
ative assessment for other outcomes
on morbidity, adverse effects, and
quality of life was not possible. The
decision made by the G-BA will re-
main valid until the 15th of May,
2022, at which time the G-BA will
update the benefit assessment of
Yescarta® based on new evidence,
which could be generated from an
ongoing clinical trial (such as the
60-month data of the ZUMA-1
study) or prospective comparative
studies beyond the pivotal trial [28].

Scotland: SMC

Despite the advice from PACE pro-
cess that Yescarta® could potentially
achieve a durable response and be a
life-extending treatment option, the
SMC did not recommend its use
in Scotland. It was not accepted as
the SMC considered that the limita-
tions in ZUMA-1 study (study de-
sign and no subgroup analysis) and
SCHOLAR-1 (bridging chemother-
apy, population heterogeneity and
no baseline data) caused uncertain-
ty in Yescarta”s long-term benefits.
Although the SMC agreed to accept
more uncertainty in the economic
analysis of ultra-orphan medicines,
they claimed that Yescarta”s cost in
relation to its long-term benefits was
not sufficiently justified [29].

The USA: ICER

ICER evaluated that the net health
benefit of Yescarta® might be substan-
tial as it showed clinical advantages




in terms of complete remission rate,
disease-free survival, and overall sur-
vival compared with other therapies.
While the certainty for this conclu-
sion was low due to limitations of
non-comparative trial with small size
and short follow-up, Yescarta®s clin-
ical benefits contributed to a cost—
effectiveness estimate that met the
commonly cited cost—effectiveness

threshold in the USA [25].

LUXTURNA® (VORETIGENE
NEPARVOVEC)

Luxturna® for the treatment of in-
herited retinal dystrophies caused
by RPE65 gene mutations has been
evaluated in France and the USA.
The assessment in the UK, Germa-
ny, and Scotland is currently ongo-
ing and expected to be published in
late 2019 or early 2020.

France: HAS

The HAS considered Luxturna® to
have a high actual clinical benefit
(SMR: important) and an important
clinical added benefit (ASMR: II).
This assessment was made based on
its proven efficacy in a pivotal Phase 3
study. Moreover, disease severity, rar-
ity, and the unavailability of alterna-
tive treatments for the target disease
were also key factors for this positive
recommendation. HAS requires that
the treatment be limited to special-
ized institutions, with treatment
decisions made by multidisciplinary
consultation meetings and based on
a set of medical examinations. Fol-
low-up studies to collect data on
patient characteristics, treatment pat-
terns, conditions of use, long-term
efficacy, safety, and impact on quality
of life must also be conducted. The

HAS will re-evaluate the drug benefit
once the 5 years of data collection has
been completed [30].

USA: ICER

ICER evaluated Luxturna® to have
significantly improved health out-
comes compared to the standard of
care (SoC), while potential harms
related to surgical aspects of ad-
ministration were also considered.
Therefore, Luxturna® was found to
provide, at least, a small net health
benefit. The high cost made it un-
likely to be a cost-effective interven-
tion at the commonly used cost—ef-
fectiveness threshold in the USA
[31]. However, inclusion of the in-
direct and non-medical costs would
decrease the total incremental cost
and, therefore, the corresponding
cost—effectiveness ratio. ICER rec-
ognized uncertainty around the rele-
vance of the primary endpoint in the
real-world setting, as well as its long-
term effect on retinal degeneration.

ZOLGENSMA®
(ONASEMNOGENE
ABEPARVOVEC)

Zolgensma® for the treatment of spi-
nal muscular atrophy (SMA) with
bi-allelic mutations in the survival
motor neuron (SMN) 1 gene has
been evaluated by ICER in April
2019. This evaluation was updated
on May 24th, 2019 to align with
the Food and Drug Administration
(FDA) approval.

USA: ICER

Zolgensma® was found to improve
motor function, survival, and reduce
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the needs for permanent ventila-
tor support. Despite the limitation
of a single-arm, open label study
with small patient number, ICER
had high certainty that Zolgensma®
would provide a substantial net health
benefit [32]. The value-based price
benchmark of Zolgensma® would be
$1.1-1.9 million in order to meet the
commonly cited cost—effectiveness
threshold ($100,000-150,000) from
the QALY perspective, but a higher
price ($1.2-2.1 million) could be
possible to achieve if the alternative
threshold for cost per Life-Year (LY)
gained was used. The limitation in
study design raised concerns in the
generalizability of results to a broader
population as well as the possibility
in treatment effect overestimation as
seen in single arm trials.

CONCLUSION:
DISCREPANCY IN THE
HEALTH TECHNOLOGY
ASSESSMENT OF GENE
THERAPY

Gene therapies have usually been
approved based on short-term clin-
ical data derived from non-com-
parative, open-labelled studies with
short follow-up durations and small
patient populations. Such limita-
tions in pivotal clinical trials meth-
odology have led to uncertainties
regarding gene therapies’ long-term
efficacy and safety and furthermore,
have made the precise assessment of
gene therapy benefit and cost—ef-
fectiveness challenging.

Value appreciation

In general, value appreciation con-
stituted one of the most import-
ant factors for the reimbursement

DOI: 10.18609/cgti.2019.112

decisions (Table 3), while different
countries showed varying perspec-
tives on the weights allocated to
each attribute [33].

France emphasized clinical effec-
tiveness, disease severity and rarity
as well as the unmet medical needs
of the disease area and patients, as
can be seen in the fact that all rec-
ommended gene therapies (KYM-
RIAH®, Yescarta®, and Luxturna®)
were evaluated as having ‘import-
ant’ actual clinical benefit.

Germany underlined the compar-
ative benefits against available treat-
ments. Therefore, the limitations of
indirect historical comparison were
mentioned as one of the important
reasons for the unavailability of ac-
curate benefit assessments for GLY-
BERA, KYMRIAH® and Yescarta®.
Not surprisingly, Imlygic® was eval-
uated with no added benefit due to
the inappropriateness of comparator
from G-BA perspective.

In the UK (England and Scot-
land), as in the USA, great impor-
tance is attached to cost—effective-
ness analysis. NICE defined a higher
ICER threshold for ultra-orphan
drugs evaluated under the HST
pathway. The SMC introduced a
new approach for the assessment
of ultra-orphan drugs, in which
a higher uncertainty in economic
analysis could be acceptable. This
was the case with Strimvelis® for
ADA-SCID treatment in England,
as well as KYMRIAH® for B-cell
ALL treatment in Scotland.

Reimbursement &
affordability strategies

Along with the disparity in value
assessment, different strategies were
adopted in each country to achieve
prompt market access to innovative
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—» TABLE 3
The uncertainty in available evidence identified by HTA body.
Uncertainty existed in the submitted evidence
GLYBERA® » HAS: short and medium-term safety accompanying with the complex
administration process
» G-BA: bias resulted from included population and dosage regime in pivotal studies
Imlygic® » NICE: comparative effectiveness against currently used immunotherapies
» G-BA: comparators were not relevant to research questions and not approved for
use in same indication
Strimvelis® » NICE: limited evidence for comparator
KYMRIAH® » HAS: long-term efficacy and safety; impact of complex administration process
» G-BA: incomplete patient recruitment, the influence of bridging therapy and
historical comparison
» SMC: the justification of cost in relation to the health benefit
Yescarta® » HAS: long-term efficacy and safety; impact of complex administration process
» G-BA: the effect on morbidity, adverse effects and quality of life compared to
other therapies
» SMC: questionable study design (no subgroup analysis, population heterogeneity
and lack of baseline data)
» NICE: the exact magnitude of treatment benefit on survival rate and
immunoglobulin use
Luxturna® » HAS: long-term efficacy, safety and impact on quality of life
» ICER: the validity of primary endpoint, and effect on retinal degeneration
Zolgensma® » ICER: the generalizability of results; the possibility of effect exaggeration
G-BA: the Federal Joint Committee; HAS: Haute Autorité de Santé; ICER: The Institute for Clinical and Economic Review; NICE: The
National Institute for Health and Care Excellence; SMC: The Scottish Medicines Consortium.

gene therapy without impairing
healthcare affordability by includ-
ing costly yet effective treatments in
the reimbursement list [34].

In England, all gene therapies
except Strimvelis® were recom-
mended for use in combination
with a commercial PAS in order to
improve the cost—effectiveness pro-
files. Additionally, despite negative
recommendations for routine use
in England, two chimeric antigen
receptor T cell therapies, KYMRI-
AH® and Yescarta®, were accepted
for interim use in the CDF during
further data collection period.

In France, all reimbursed gene
therapies were restricted to be

administered in qualified healthcare
institutions. Moreover, the prescrip-
tion decision for Luxturna® must
be examined by a multi-discipline
expert panel, and the HAS will
re-evaluate Luxturna®s benefit after
five years based on new evidence.

In Germany, the G-BA holds a
conservative attitude in the assess-
ment of extent of added benefit,
which is reflected in the fact that all
gene therapies (except for Imlygic®)
were considered to have ‘non-quanti-
fiable’ added benefit. Additionally, all
the assessments were valid for a lim-
ited time, with re-evaluation begin-
ning after additional data collection
is completed.
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—» TABLE 4

KYMRIAH®

- For B-cell ALL

» ELIANA study:
Phase 2, single-arm,
open-label

» ENSIGN study:
Phase 2, single-arm,
open-label

- For DLBCL

» JULIET study:
Phase 2, single-arm,
open-label

Luxturna®

» Study 301: Phase 3,
randomized control,
open-label study;
control group:
patients receiving
no intervention

Zolgensma®

» CL-101 study: Phase
1, single-arm, two
cohorts, open-label

» STR1VE study:
ongoing Phase 3
study: single-arm,
open-label

» START study:
observational,
long-term follow up
study up to 5 years

Imlygic®

» OPTiM Study (Study
005/05): Phase
3, randomized,
controlled, open-
label study; Control
group: GM-CSF

81

64

167

31

15

20

15

437

The description of pivotal studies for seven gene therapies.

Study design Patient Primary endpoints Register number
size in clinicaltrail.gov

Overall remission rate per IRC assessment

Overall remission rate 1) per IRC assessment
2) per local Investigator assessment

Overall response rate

Multi-luminance Mobility Testing (MLMT),
Bilateral

Number of Participants 1) experienced one
grade Il or higher unanticipated, treat-
ment-related toxicity; 2) requirement of 216-
hour respiratory assistance per day =2 weeks;
3) CHOP-INTEND score

1) The proportion of patients achieving the
milestone of sitting without support for at
least 30 seconds at 18 months of age 2) sur-
vival at 14 months of age

Long-term safety

Durable response rate (defined as the rate of
objective response, complete or partial)

NCT02435849

NCT02228096

NCT02445248

NCT00999609

NCT02122952

NCT03306277

NCT03421977

NCTO00769704

Committee.

ALL: Acute Lymphocytic Leukemia; CHOP-INTEND: Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders;
DLBCL: Diffuse Large B-cell Lymphoma; GM-CSF: Granulocyte-Macrophage Colony-Stimulating Factor; IRC: Independent Review
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—» TABLE 4 CONTINUED

The description of pivotal studies for seven gene therapies.

Study design Patient Primary endpoints Register number
size in clinicaltrail.gov

Strimvelis®

» Study AD1115611: 12 Survival rate up to 1 year NCT00598481
Phase 1/2, single-
arm, open label

Yescarta®

» ZUMA-1 study: 118 Percentage of participants experiencing ad- NCT02348216
Phase 1/2, single- verse events; overall response rate
arm, open label

» SCHOLAR-1 study: 636 Response rate, complete response and overall Not available
multi-cohort, survival
retrospective,

pooled analysis
data from two
randomised
controlled

studies and two
retrospective
databases; Control
group: salvage
chemotherapies

GLYBERA®
» CT-AMT-010-01 8 Reduction of fasting triglyceride (TG) concen- Not available
study: single-arm, trations; toxicity

open-label, dose-
escalating study
» CT-AMT-011-01 14 Reduction of fasting triglyceride (TG) concen- NCT01109498
study: single-arm, trations; toxicity
open-label, dose-
escalating study
» CT-AMT-011-02 5 Reduction of fasting triglyceride (TG) concen- NCT00891306
study: single-arm, trations; toxicity
open-label study
ALL: Acute Lymphocytic Leukemia; CHOP-INTEND: Children’s Hospital of Philadelphia Infant Test of Neuromuscular Disorders;

DLBCL: Diffuse Large B-cell Lymphoma; GM-CSF: Granulocyte-Macrophage Colony-Stimulating Factor; IRC: Independent Review
Committee.

In Scotland, the SMC took more also considered, economic analysis
precautions in the reimbursement remained the key determinant for
of gene therapies with unjustified reimbursement decision-making.
cost—effectiveness, which resulted
in negative recommendations in

DLBCL for Yescarta® and KYMRI- - Clinical trials methodology

AH°®. Although additional factors & further data Co”ecﬁon

including disease rarity, opinions requirements
from other stakeholders (such as

patient advocacy organizations) and  Apart from the commonly cit-
the implementation of a PAS were ed study limitations (single-arm,
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open label, small patient number,
and short follow-up) in pivotal
studies, some additional weakness-
es in study methodologies were
also noticed in certain countries.
For example, the SMC indicated
concerns for population heteroge-
neity in the SCHOLAR-1 study,
while ICER doubted whether
the primary endpoint used in the
Phase 3 study for Zolgensma®
would be well correlated with out-
comes in real-world setting (Table
3). This indicated payers’ insights
on areas for improvement in clini-
cal trial design and what evidence
will still be required in the future
to minimize uncertainties. Howev-
er, there were differences with re-
gards to the uncertainty that most
concerned the payers across the
countries included in this study.
This suggests that further data
collection must take into consid-
eration the different evidence re-
quirements on a country-by-coun-
try basis, thus, the administration
burden for manufacturers may not
be negligible [35].

TRANSLATION INSIGHTS

Substantial limitations in the
study methodology have raised
concerns regarding the long-term
efficacy and safety for most gene
therapies. ~ Various approaches
were used by different HTA bod-
ies to minimize the potential risk
of accepting costly gene therapies

with uncertain outcomes or se-
vere impact on the reimbursement
list. England was able to use side
pathways to reimburse such prod-
ucts, via the HSTC and the CDE.
Germany has relied on a law that
systematically grants added bene-
fit for orphan designated products.
France has shown an unusually
generous attitude towards gene
therapies. Scotland has used modi-
fiers for orphan drugs to boost the
access of gene therapies.

One way or another, all coun-
tries have considered a reassessment
as more data is collected in the real
world to inform future decisions in
continuing to maintain the reim-
bursement of these gene therapies.
One must acknowledge that despite
the evidence presented by gene
therapy manufacturers not match-
ing the standard requirements of
HTA agencies - having no compar-
ative studies with single arm trials,
short term durations, and surrogate
endpoints in some cases (Table 4) —
to date, most gene therapies have
successfully gained reimbursement.
It is doubtful these therapies would
have been as successful in achieving
these favorable results had they not
been gene therapies.

It is unclear how long such fa-
vorable attitude towards these gene
therapies will endure. However, it is
sending a strong positive signal to
manufacturers that payers are open
to such innovation and face some
informal resistance to refuse access
to gene therapies.
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Genetic-based therapies:

looking ahead to ensuring access

to a cure for cystic fibrosis

Lisa B Feng, Jacqueline V Erdo & Mary B Dwight

Recent scientific advancements have accelerated research for a cure for
cystic fibrosis (CF). Research is underway for genetic-based therapies
such as gene therapy, gene editing, and RNA therapy. However, great
optimism is countered by concerns about how and if patients will have
access to a future cure. As health care decisionmakers look to solutions
for paying for and ensuring access to curative therapies, they should:
integrate patient preferences into new payment mechanisms for a cure;
design insurance benefits to incentivize highly effective therapies; and
ensure equity.
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States [1]. The disease is caused

Recent scientific advancements,

notably the development of the
CRISPR Cas9 gene editing tech-
nology, have accelerated research
for a cure for cystic fibrosis (CF).
Cystic fibrosis is a recessive, genet-
ic disease that affects approximate-
ly 35,000 people in the United

by mutations of the cystic fibrosis
transmembrane conductance reg-
ulator (CFTR) gene that encodes
the CFTR protein which regulates
chloride flow in epithelial cell sur-
faces. There are over 1,700 docu-
mented variants of the CFTR gene

and nearly 350 known to cause
CF [2]. These mutations lead to
reduced or absent CFTR protein,
resulting in the accumulation of
thick and sticky mucus in affected
organs, including the lungs, gastro-
intestinal tract, nasal airways, and
pancreas [3]. Progressive airway
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destruction characterized by loss of
lung function is the predominant
cause of death [4].

Health outcomes for cystic fi-
brosis have greatly improved due
to more effective treatments and
a comprehensive multidisciplinary
care model, however, genetic-based
therapies are required to deliver a
cure — ultimately, a treatment that
will permanently correct the defect
in the CFTR gene. While the long-
term goal of a cure is for children
with CF to never experience symp-
toms of the disease, many living
with CF may have to manage the
symptoms and complications asso-
ciated with advanced disease even
if they receive a genetic fix.

As the world’s largest funder of
CF research and advocate for peo-
ple with CE we believe innovation
should be rewarded. Bringing a cure
to market, from the basic science
lab through the Food and Drug
Administration, takes tremendous
time and financial resources. This
investment is worthwhile, and
we will work relentlessly to fulfill
this dream for the CF communi-
ty, which has invested decades to
increase awareness, participate in
research, improve care, and raise
funds to support the search for a
cure.

The Cystic Fibrosis Foundation
(CFF) is committed to exploring
all appropriate approaches for ge-
netic-based therapies to restore
CFTR for all people with CE in-
cluding gene therapy, gene editing,
and RNA therapy. This process is
rife with scientific challenges, but
incremental successes have bol-
stered our confidence and hope
that a safe and effective cure is
possible. The great optimism for
the discovery of a cure, however, is
dampened by concerns about how

and if patients would have access to
these therapies once they are avail-
able. Recent cures in other rare dis-
eases, including hereditary blind-
ness and spinal muscular atrophy,
loom at a million dollars or more
per patient.

As we anticipate the scientific
promise of a cure for many more
diseases, we know that today’s
healthcare system is not designed
to absorb and withstand an influx
of demand for multi-million-dol-
lar treatments. Public payers like
Medicare and state Medicaid
programs who cover some of the
nation’s most vulnerable will be
challenged to handle large one-
time payments for cures. Simi-
larly, self-insured employers who
manage risk among employees will
have to make the difficult decision
about whether to offer expensive
cures at all.

Innovation must be accessible.
Looking to the future, it is incum-
bent upon all healthcare stakehold-
ers — drug manufacturers, policy
makers, public and private payers,
think tanks, advocates, and others
— to prepare for a scenario where
thousands of people with serious
diseases may qualify for a high-cost
cure.

More specifically, the treatment
must be covered by insurance. This
is the basic requirement for access
for those who are insured. Further,
the criteria for coverage should be
clinically appropriate with min-
imally necessary documentation
requirements for patients and cli-
nicians. Additionally, acquiring the
therapy should not cause undue
financial burden to the patient.
Today, patients experience signif-
icant financial burden; insurance
benefits are not designed to enable
affordable access for people living

DOI: 10.18609/cgti.2019.066



with chronic illnesses like CF to
the care they need. This promising
new era of curative therapies pres-
ents the opportunity to find inno-
vative ways to pay for these treat-
ments so that patients don’t face
the impossible question of whether
or not they can afford a cure. There
is some exciting work on payment
and access already underway. We
recommend healthcare decision-
makers focus on the following is-
sues as they consider policy solu-
tions for ensuring access to a cure

beneficiaries. High deductible
health plans, or other plan
designs that require high cost
sharing from enrollees, would
make a cure unaffordable for
many patients. New coverage
schemes must enable and
encourage access to highly
effective therapies, including a

cure;

Ensure equity: all people with
cystic fibrosis should have the

for CE

>

v

Integrate patient preferences
into new payment mechanisms
for a cure: as the system moves
toward structuring payments
to be made over time and
tying them to demonstrated
benefits of the drug, known
as outcomes-based contracts,
knowing what is meaningful
to patients is paramount.
Manufacturers and payers who
agree upon pre-determined
performance milestones should
consider clinical and patient-
reported measures. There must
be more research and expertise
in this area. Efforts to achieve
multi-stakeholder consensus
that includes patient advocacy
organizations like the Cystic
Fibrosis Foundation would help
ensure alignment on this new
approach;

Design insurance benefits to
incentivize highly effective
therapies: concurrent with
efforts to find alternative ways
for payers to pay for high-

cost gene therapies, payers
should also develop coverage
schemes that enable access for

same opportunity to achieve
optimal health, regardless of
who they are or where they live.
Socioeconomic status and type
of insurance should not prevent
access to a cure. Any policy
solutions to pay for cures must
prevent a gap between those
who can and cannot access the
treatments.

Many lessons will be learned in
the coming years as cures are dis-
covered and available. Healthcare
leaders have the difficult yet excit-
ing task of evolving our system into
one that allows for swift access to
cures for life-threatening diseas-
es like cystic fibrosis in a way that
rewards innovators without bank-
rupting payers and patients. At a
time when we can plausibly imag-
ine a cure for cystic fibrosis, we
must pursue financing models that
ensure all people can afford to ac-
cess such a treatment as vigorously
as we pursue the science. People’s
lives depend on it.
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Staying ahead of the curve:
NICE’s approach to HTA of novel fields
of biotech innovation

NICK CRABB had a 20-year career in analytical science, process technol-
ogy and general management in the chemical, pharmaceutical and contract
laboratory industries prior to joining NICE in 2010 as the associate direc-
tor responsible for establishing and managing the Diagnostics Assessment
Programme. In 2014 Nick was appointed to his current role where he over-
sees NICE Scientific Advice, the Science Policy and Research programme and
NICE'’s input to the European Network for Health Technology Assessment
(EUnetHTA). Nick has broad scientific and policy interests relating to the
evaluation of technologies and interventions to support the development
of clinical, public health and social care guidance. His experience includes
consideration of HTA issues arising from the availability of novel new prod-
ucts such as cell and gene therapies and work on methods issues relating to
the evaluation of antimicrobials. Nick was also the co-chair of the evaluation
and commissioning subgroup of the UK regenerative medicine expert group
and led NICE'’s contribution to a project on the assessment and appraisal of
regenerative medicines that reported in 2016.

Cell & Gene Therapy Insights 2019; 5(8), 919-924
DOI: 10.18609/cgti.2019.102

Q Can you summarize your current role at NICE for us
- what are your chief activities and priorities?

NC: As Programme Director for Scientific Affairs at NICE, |
oversee the NICE Scientific Advice service and the Science Policy
and Research programme. I also lead on NICE’s input to the European
Network for Health Technology Assessment (EUnetHTA).
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I have broad scientific and policy interests relating to evaluation of tech-
nologies and interventions to support the development of clinical, public

health and social care guidance.

My personal experience includes

“..there’s a lot of work gOiﬂg on consideration of HTA issues arising
around re\/ieV\/ing and Updaﬁﬂg our from the availability of novel prod-

methods for HTA..

ucts such as cell and gene therapies.

Currently, one of my main areas of

920

N

interest is around methods relating
to the evaluation of antimicrobials, where there’s a lot of complexity for a
number of reasons.

In terms of experience relevant to the cell and gene therapy area, I was a
co-chair of the evaluation and commissioning subgroup of the UK regen-
erative medicine expert group. I also led NICE’s contribution to a project
on the assessment and appraisal of regenerative medicines, which was un-
dertaken in collaboration with the University of York. That work reported
in 2016.

NICE has for quite a while been seen as a trailblazer
among HTAs in terms of how it assesses novel
therapeutic modalities - how are the organization’s
approaches and processes continuing to evolve
around emerging, increasingly commercial fields such
as cell and gene therapy?

NC: We work to make sure that our methods are fit for pur-
pose across the full range of health technologies and therapeutic
areas - the point of HTA is to be able to look at different technolo-
gies and therapeutic areas on a level playing field, and that’s really
what we try to do. It would therefore be inappropriate to develop specific
evaluation methods for cell and gene therapies, for example. There are all
sorts of challenges in HTA and many of those challenges relate to cell and
gene therapies in the same way as they relate to other products.

That said, one thing we did do to try to stay ahead of the curve with
cell and gene therapy was the aforementioned study with the University of
York. There are two reports available from that project: a very substantial,
excellent technical report from the University of York, and a shorter sum-
mary report, published by NICE, that hopefully captures the key issues
fairly efficiently.

The project was designed to test whether the NICE health technolo-

gy assessment methods and processes are fit for purpose for regenerative
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medicines and cell therapies. Part of the project concerned the appraisal of
a hypothetical CAR T cell therapy.

A key conclusion was that the NICE appraisal methods and decision
framework are applicable to such products, so a fundamentally new ap-
proach is not indicated. There are, nonetheless, a range of challenges
around the HTA of potential cures and being mindful of these is important
in optimizing methods on an ongoing basis.

Since this report, NICE has published guidance on six products that
are either cell or gene therapies and in every case, there have been positive

recommendations to use the products:

» Holoclar for treating limbal stem cell deficiency after eye burns (TA 467,
August 2017, https:/www.nice.org.uk/guidance/ta467)

v

Autologous chondrocyte implantation for treating symptomatic articular
cartilage defects of the knee (TA477, October 2017, https:/www.nice.org.
uk/guidance/ta477)

v

Strimvelis for treating adenosine deaminase deficiency-severe combined
immunodeficiency (HST7, February 2018, https:/www.nice.org.uk/
guidance/hst7)

v

Autologous chondrocyte implantation with chondrosphere for treating
articular cartilage defects (ID851, publication expected April 2018, https:/
www.nice.org.uk/guidance/indevelopment/gid-ta10162)

v

Tisagenlecleucel-T for previously treated B-cell acute lymphoblastic
leukemia in people aged up to 25 years, (TA554, https:/www.nice.org.uk/
guidance/TA554)

v

Axicabtagene ciloleucel for treating diffuse large B-cell lymphoma and
primary mediastinal B-cell lymphoma after 2 or more systemic therapies,
TA559, https:/www.nice.org.uk/guidance/TA559)

Essentially, there’s a lot of work going on around reviewing and updat-
ing our methods for HTA and obviously, any learnings from cell and gene
therapies will be part of that. But again, we don't believe we need a funda-

mentally different framework to deal with these products.

Value-based pricing and reimbursement continues
to grow as a theme for this field worldwide as more
premium-priced, potentially curative therapeutics
reach the market — how and where is NICE getting
involved in the effort to develop novel models and
practices in this regard?
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NC: Again, based on our experience to date, we believe that
our current methods and framework are essentially fit for purpose,
but we are of course committed to ensuring our methods do re-
main so, and also to adopting best practices as the science devel-
ops further.

We actively contribute to the development of improved methods
through our Science Policy and Research program. We do this in a number
of ways — for example, we help ensure research is undertaken in areas that
are specific requirements for NICE, and we also participate in a range of
Innovative Medicines Initiative (IMI) projects where were collaborating
with various European partners.

So, we are very actively involved in understanding what the challenges
are for HTA across all therapy areas and all technology types, and we're
doing our best to stay ahead of those challenges.

One of the key issues around cell and gene therapies — or indeed, any
product that seems to offer a potential cure — is the fact that at the point of
regulatory approval and launch, very little is really known about the long-
term health impact. It may be clear that these products are very promising
and that they represent major advances on current therapies, but it’s going
to take several years of follow-up before the true magnitude of those bene-
fits is properly understood. That makes it very difficult to estimate the full
health benefits and cost—effectiveness at the point of launch.

I think that’s the crux of the issue here. It is actually a very common
problem in HTA, but it does become particularly important where a prod-
uct offers prolonged benefit or a potential cure. In addition to considering
evaluation methods issues, there is an important role for managed access
arrangements. This is an area where NICE collaborates closely with NHS
England — through the Cancer Drugs Fund, for example — to facilitate
timely patient access to promising products while the long-term health im-
pact evidence is still emerging. Similarly, there are a number of examples of
the use of managed access arrangements in our highly specialized technol-

ogies (HST) program.

Are there any other particular current or planned
initiatives in which NICE is involved that are of
relevance to the cell and gene therapy field?

N C: Yes. I think the main one is a part of our normal, periodic up-
dating of the Technology Appraisals methods guide, which is all about en-
suring the latest developments in health technologies and their methods

of assessment are being taken into account. NICE will be undertaking a
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full update in 2019, which will include methods and policy developments

across all health technology types and therapeutic areas.

Meanwhile in the USA, ICER

“___the ma naged access approach is currently undertaking a project

we've been talking about is becoming
increasingly important...

on Valuing Cures. ICER invited
NICE to contribute to this project.

We value opportunities to develop

N

Q

and share best practice with inter-
national collaborators and were pleased to accept the invitation. We've had

some very interesting discussions to date.

By this time next year, we are likely to see multiple
cell and gene therapy products aimed at the same
specific targets and indications competing on the
market - how might this impact NICE's assessment
of such technologies, particularly those that might be
second, third, fourth to market?

N C: Again, | think this is an area which in principle isn’t any dif-
ferent to any other therapeutic area or technology area. Essential-
ly, when NICE evaluates any health technology, we assess the incremental
benefits and incremental costs compared to the current standard of care,
which we call the comparator.

Where a cell or gene therapy has become established as the standard of
care, a new competing cell or gene therapy would be assessed against the
established product. A competing product could be found to be cost effec-
tive either through evidence of superior clinical performance (improved
length and/or quality of life), or through evidence of comparable clinical

performance at a lower cost.

Lastly, can you share NICE's vision moving forward in
terms of emerging technology areas such as cell and
gene therapy?

NC: Firstly, we're doing a lot of horizon scanning and not just
for specific technologies, but for potential issues, and things that
might challenge the methods and decision framework paradigms
that we have, so that we can get ahead of them.

For example, some cancer drugs are now being developed with an ex-
pectation of a site-agnostic indication — there are already licensed products

in the USA and potentially some coming through the system in Europe.
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That's very challenging to our normal methods, partly as most of the com-
parator evidence will not be in a site-agnostic sense but will be related to
specific anatomical tumor sites.

So that’s an area we've picked up as a potentially big issue and we're
commissioning research to help us understand how to deal with those sort
of products as and when they start coming through to market. If we were
to come across similar issues or learning points with cell and gene therapies
in future, then that’s the type of approach we would take — we always try to
understand what technologies are coming through, and the challenges they
will pose to our evaluation methods and decision framework.

There are other, related UK initiatives in the technology space — for ex-
ample, the Accelerated Access Collaborative (AAC), which has a very se-
nior-level Board, including the NICE Chief Executive, covering the whole
spectrum of the health innovation pipeline in the UK. The AAC is play-
ing a key role in identifying technologies for fast-tracking through the UK
system.

Ultimately, the mission of the health technology assessment side of
NICE remains trying to facilitate timely patient access to health technolo-
gies that have the potential to really help them — and doing that in a finan-
cially sustainable way, of course. I do think the managed access approach
we've been talking about is becoming increasingly important in achieving
that financial sustainability, particularly given that there remain big ques-

tions over the true, long-term patient outcome benefits of these products.

AFFILIATION
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JANET LYNCH LAMBERT joined ARM in 2017 as the organi-

zation’s first CEO. With more than 25 years in public and private sector
management, Janet is an experienced government relations and business
professional with an extensive record of accomplishment. Janet most re-
cently served as the Acting Head of Engagement for the All of Us Research
Program at the National Institutes of Health and as head of the Outreach
Office in the Office of the NIH Director. Prior to joining NIH, she was Vice
President of Government Relations and head of the Washington office of
Life Technologies, aiding the company in its growth from $300 million in
annual sales to more than $3 billion.

Prior to Life Technologies, Janet held leadership positions in government
relations, marketing and business development at large and small life sci-
ence organizations, including GE and InforMax. Her experience also includes
legislative and staff leadership positions in the U.S. Senate and House of
Representatives.

Janet received her MBA in International Business from Georgetown
University and her B.A. in Political Science from Stanford University. She
lives in the Washington, D.C. area with her husband and two daughters.
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It has been a momentous past 2-3 years for cell and
gene therapy in terms of advancing towards becoming
a fully commercial sector - how have ARM’s specific
activities and priorities evolved over this period in
line with this progress?

J LL: You're absolutely right - it's been a phenomenal couple of
years for the cell and gene therapy sector. I like to say we've moved
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from a world of very exciting promise to a world of fantastic reality. Of
greatest significance has been the arrival on the market in the USA of the
first approved gene therapies and gene-modified cell therapies.

I would pick out two major changes to ARM’s priorities over this pe-
riod. Firstly, we have really started to focus on the commercial challenges
that face the sector now we have products on the market in the USA and
Europe. Secondly, we have sought to expand our reach and our work in
Europe where clearly the sector is growing rapidly, and where we have had

less of a presence in the past compared to the USA.

Canyoutellus more about ARMs ongoing and planned
future activities in the realm of value demonstration
and pricing of novel cell and gene therapies?

JLL: The issue of value and pricing for these therapies is top
of mind for many policymakers and payers, and our work in this
domain has been quite robust.

ARM has laid the groundwork to articulate what’s special about this
category of medicine and to identify what some potential novel payment
structures might be. We've done significant work to explain why these
therapies require a different kind of payment model — why the traditional
payment system doesn't work well for therapies that are likely to be a one-
time administration and in some cases curative, or at a minimum, more
durable than the therapies for which the payment system was originally
designed.

We're now actively involved with legislators, policymakers, and payers to
try to implement these novel payment structures. First and foremost, that
involves establishing a system that enables payment over time and which
allows for payment to be linked to performance.

ARM also has an affiliated foundation called the ARM Foundation for
Cell and Gene Medicine, which was launched in January 2018. One of the
core projects of the Foundation is developing a health economic impact
model specific to advanced therapies. They have examined some of the
leading value models that are being used by HTAs around the world, and
are addressing what’s lacking in them when it comes to cell and gene thera-
py. That project is now underway, with many ARM members involved. We
hope it will produce the first iteration of an updated value model late this

year or early in 2020.

Pricing of cell and gene therapy products is clearly
quite a contentious topic at the moment, with some
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seemingly wide differences of opinion between the
various stakeholders involved - what would be your
advice to cell and gene therapy developers currently
making their way into and through the clinic in
terms of how to prepare for the potentially tough
negotiations ahead?

JLL: The advice | would give them is what we hear from the
payers themselves, which is engage early and often. And I do think
companies are doing a good job of this, in general.

Payers are tasked with considering the therapeutic impact of a product
and the relevant population that will be addressed, and any kind of costs
that will be avoided. They also must establish what exactly a performance
metric might look like, if such a metric can be easily tested and relied upon,
and reach agreement with the developer on what constitutes a good clinical
marker of success. However, all these considerations can take quite a bit of
time, so the industry has to get engaged with both commercial and govern-
ment payers pretty early on.

We've also heard from commercial payers in particular that even where
there is a desire to implement these kinds of pay-per-performance/pay-
ment-over-time models, the operational part of the process is often the
hardest. It’s not the theoretical agreement about whether or not it’s a good
idea to do it, but the simple fact that it hasn’t been done very much before,
that every case is specific, that there are many different departments in-
volved, and that sometimes, the practical realities of running any business
can be thorny and can take a little bit of time to work out.

In summary, I think cell and gene therapy companies would be well
advised to do the analytical work behind any value they want to ascribe to
their product and then join a conversation with the payers early on.

On this point, ARM has been working with the National Association
of Managed Care Physicians (NAMCP), which is a group of chief medical
officers from managed care health plans in the USA. We are working with
the NAMCP to put together a guide for how a developer should approach
the managed care payors. There will be a series of workshops on this which

will lead up to a report — that will be out in early 2020.

Can you expand on the challenges facing the
healthcare sector when it comes to identifying and
implementing an optimal innovative reimbursement
model for single dose, potentially curative
therapeutics?
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“Right now, we're tracking more
than 900 therapeutic developers ... its own particular dynamics:
working in cell and gene therapy and | between European countries
other regenerative medicines.”

J LL: | think what we're find-
ing is that every market has

and the USA, for example, as
_/ well as differences between
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the commercial and public
environments.

There’s a growing consensus on the public payer side in the USA that
some legislative clarity as a minimum would be helpful — and there may
need to be some refinement of the regulatory and legal language.

In the USA, we currently have price reporting requirements for Medi-
care and Medicaid that constrain the ability for a company and the govern-
ment to enter into a pay-per-performance agreement. In simple terms, there
are requirements around a provision known as ‘Best Price’ — that you have
to offer to government the best price that you would offer to anyone else.
However, you may have a pay-for-performance agreement in place and if a
patient doesn’t respond to treatment, that patient pays zero. Suddenly, zero
becomes the best price. Obviously, nobody wants that — that wouldn't be a
very workable scenario. Therefore, we need to find a way around the ‘Best
Price’ problem.

There’s also something in the USA called the ‘Anti-Kickback Statute,
which was designed to make sure physicians weren’t incentivized to pre-
scribe a particular product by means of getting money back. This creates
some complexity and potential problems where a pay-per-performance
model might have a rebate attached to it — for instance, you may pay up-
front for the therapy but then receive a refund if the therapy fails to work
in a given patient.

There’s quite a lot of activity around this issue in the US Congress right
now, trying to identify if there is a legislative fix that would allow CMS to
enter into these more novel reimbursement models. There are also other
ideas that are less well fleshed out and less legislative in nature. For example,
approaches like reinsurance or risk pools to compensate for the fact that in
certain geographies, including the USA, citizens change health plans all
the time. How then do you keep a small insurer who might pay upfront
for someone’s lifetime benefit from being harmed when that patient leaves
after one year to go to another plan? There’s a lot of work going on in that
area, to0o, although there’s a little less specificity attached to the solution,

as yet.

What further steps does the sector need to take
on the patient access side of things to ensure that
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approved cell and gene therapy products do reach
those who need them most?

J LL: There are all kinds of needs on the patient side of cell and
gene therapy. I mention the ARM Foundation again here because one of
the reasons we launched it was the huge need for patient and caregiver ed-
ucation around cell and gene therapy, whether that was patients having the
potential to enroll in a clinical trial or facing a choice about a commercial
product. This is fairly complex information — not something the average
person knows a lot about until they’re in a situation that they never wanted
to be in — and so we feel that providing that information in an accessible
way is essential.

In terms of patient access, obviously ARM’s efforts are around trying
to make sure the insurance systems that exist, either in a national health
system like that in the UK or in the more varied system in the USA, cover
these therapies in a way that makes them accessible to patients. That’s really
our core goal.

There are other efforts underway to try to tackle different aspects of the
pricing debate, but I think we're still at step one: ensuring these products
can effectively be covered by insurance in a way that makes it possible for
whichever healthcare system to absorb them into its structure. And in the
cases where patients may have some part of the responsibility for the pay-
ment, we must also ensure that those patients will be able to afford it, and

this won’t hinder access or treatment.

Where do you see the greatest need for new
technological innovation to help the cell and gene
therapy sector continue its journey towards a
commercially successful future?

JLL: There’s a great need for innovation in the manufacturing
of cell and gene therapies, and also in logistics. The infrastructure
for, say, modified cell therapy is pretty different to whats been required
for other types of therapies or products in the past. A lot of companies are

working to fill that gap.

“...we have really started to focus on

We've found that the expedited

approval pathways that exist around

the commercial challenges that face | the world for cell and gene therapies

the sector.. .” have been really effective at moving

products through a rigorous but also

N

rapid approval process. What the

Cell & Gene Therapy Insights - ISSN: 2059-7800 979




CELL & GENE THERAPY INSIGHTS

sector now faces are mainly manu-
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every single year for cell and gene

The technologies are many, of

course. There’s everything from de-

thera PV, and that’s jUSt in the USA livery technologies (are there alter-

j natives to the vectors were current-
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ly using?) to various kinds of assays
(what’s the right potency assay? Are we measuring the right thing from a
regulatory point of view that really has the most clinical relevance? And
are the tools we have to measure those things really where we want them
to be?)

ARM’s established a number of initiatives to address these uncertainties.
Firstly, we incubated and launched something called the Standards Coor-
dinating Body (SCB) which is now a standalone, non-profit organisation
currently supported by the US FDA and other organizations. It is designed
to identify where there are standards needs in cell and gene therapy and to
then to help develop and advance them.

We're also doing a lot of work in manufacturing in terms of trying to
develop a book of knowledge, if you will, around a hypothetical gene ther-
apy ‘case study’ — in this case, an AAV gene therapy. A number of ARM’s
member organizations are volunteering their time to take on drafting chap-
ters of this book of knowledge in order to try to summarize what are the
key known best practices in AAV gene therapy manufacturing. As you can
appreciate, the growth of this sector is so rapid and there aren’t that many
experts — a lot of the people working in cell and gene therapy manufac-
turing have transitioned from other technology areas. With this book of
knowledge, we're trying to help bring these new arrivals up to speed faster
and reduce the amount of trial and error that is only natural when people
first enter this field.

Lastly, we've had a series of conversations with regulators — specifically,
around some of the areas where guidance is either not clear or not appropri-
ate for modern gene and cell therapy CMC. We've also driven the agenda
for harmonization where there are currently different approaches relating
to certain aspects of cell and gene therapy manufacturing — between the

USA and Europe, for example.

Finally, can you summarize for us ARM’s vision for
the future of commercial cell and gene therapy?

JLL: We track the sector pretty closely using source data
from our data partner, Informa, and continually curate our own
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ARM-specific global database of regenerative medicine compa-
nies. Right now, we're tracking more than 900 therapeutic developers
around the world working in cell and gene therapy and other regenerative
medicines. We're tracking more than 1,000 clinical trials. And investment
in the sector, which we also track, has been very robust for the last several
years.

What's clearly evident from all this data — and our vision for the future —
is that we are rapidly approaching a world where it’s no longer going to be
‘ones and twos” — one product making it to market each year in the USA,
a couple a year in Europe... and so on. Were getting to the point where
there’s going to be 10 to 20 approvals every single year for cell and gene
therapy, and that’s just in the USA. We'll also have institutions that are
very well practiced in the delivery of these novel therapies. We'll start to see
them expand beyond a limited number of clinical centers and we'll begin
to see the benefits of these therapies across many different kinds of people
and lots of different indications.

We're at the curve of the hockey stick — cell and gene therapy will in very
short order start having a profound and widespread impact on patients
and families across a whole variety of diseases. And we're obviously super

excited about that!

AFFILIATION
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Future trends in commercial
cell and gene therapy:
the investor’s perspective

GREGORY BONFIGLIO is the Founder and Managing Partner
of Proteus, LLC - an investment and advisory firm focused solely on
Regenerative Medicine. Formed in 2006, Proteus provides fund manage-
ment and consulting services to the regenerative medicine industry. Proteus
works with cell and gene therapy companies across all stages of development
from early stage entities to large public companies, as well as governmen-
tal organizations pursuing RM initiatives. Mr Bonfiglio serves on the Board
of Healios KK, one of the largest publicly traded RM companies in Japan.
He is on the Investment Committee of the Centre for Commercialization
of Regenerative Medicine (RM Translation Center in Toronto, Canada). He
is on the Advisory Board of BioBridge Global (RM Translation Center in San
Antonio, Texas). He is on the ISSCR Finance Committee. Mr Bonfiglio was an
early investor in the RM field, and he continues to be actively involved in the
space. He has over 35 years' experience working with technology compa-
nies. He received his BA in Mathematics (magna cum laude) from Michigan
State University in 1975, and his JD (magna cum laude) from the University
of Michigan Law School in 1981.
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Q What are your chief considerations when you evaluate
a potential company or technology? And have these
criteria changed at all over recent years?

G B: Our diligence criteria for investments are similar to other
folks in the biotech space. The top few criteria are always technology,
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“For us, technology is the driver. First and foremost,
we're interested in identifying technologies that will drive
sea changes in the field. Typically, we're not looking at
technologies that would make an incremental improvement
over an existing technology, but something that will
L fundamentally change the approach.” Dy

N

/

regulatory pathway, team, intellectual property portfolio and then com-
mercialisation considerations. For us, technology is the driver. For us,
technology is the driver. First and foremost, we're interested in identify-
ing technologies that will drive sea changes in the field. Typically, we're
not looking at technologies that would make an incremental improvement
over an existing technology, but something that will fundamentally change
the approach.The promise of regenerative medicine, cell and gene thera-
pies, has always been that they would fundamentally alter the approach
to healthcare. The good news is that in the last 10 years, that promise has
been realised.

One of the other key criteria for us is looking at the regulatory strategy
and path. How long will it take to get approval? How rapidly can a com-
pany build human data demonstrating their technology works? One of
the hallmarks of investing these days is the ability to get early data to get
a go/no-go decision sooner rather than later. Fundamentally, valuation in
biotech is a relatively straightforward process. Value is built in biotech by
moving your technology through the regulatory path. What that means, at
a very fundamental level, is demonstrating in humans that your technology
works and provides significant therapeutic value. Human data is the key
driver of value in biotech companies across the board; certainly in cell and
gene therapies.

We also look at the intellectual property portfolio. We want to make
sure the company is capable of protecting its IP so that if we put mon-
ey into developing a technology, there will be an opportunity to com-

mercialise that technology without
folks coming in and copying it.

We also look at the management

-

N\

team, of course. That’s important

‘Human data is the key driver of A because these are fundamental-
value in biotech companies across ly business decisions. As much as
the board; certainly in cell and gene
therapies.” ) business plan,

technology plays a dominant role,

you still have to execute on the
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Then last, but certainly not least, is the ability to commercialise tech-
nology and move from your clinical programme into a successful com-
mercial launch. That means having a manufacturing strategy that allows
you to optimise your manufacturing process and the ability to go from a
process in which you're producing relatively small volumes into full scale
commercial manufacturing. This is an important issue, as manufacturing
challenges have proven to be a real problem for a number of companies.
Going back 10-15 years, Advanced Tissue Sciences raised a ton of money,
went public, had a big valuation, then found they couldn’t manufacture
their product. Dendreon is another company that had immunotherapy
technology, raised a ton of money, had a big valuation, but ultimately
could not manufacture their product on a cost-efficient, commercially
viable basis.

We're very pleased to see the dramatic results coming out of clinical
trials but this hasn’t changed our diligence criteria or investment crite-
ria. We have focused more than we have in the past on manufacturing.
If you look at where we are now in terms of clinical phases, there’s a
significant amount of activity now in late-stage clinical trials. Com-
panies garnering big valuations and significant investment dollars are
now in late phase 2 or in phase 3. Manufacturing has become a much
more significant issue for us in our diligence than in the past. There is
a significant shortfall in underlying manufacturing capability, both at
the cell level and even more acutely, at the viral level. My understand-
ing that the time delay to get a viral vector produced is in the order of
12-18 months, such that production of the vector ends up being a rate

limiting step, whether you’re working on a pure gene therapy or an en-

gineered cell like a CART.

Q Wil the recent trend for very high levels of private
investment and public company valuations in cell and
gene therapy be maintained, or even grow further?

G B: | think it will continue. The valuations are very high by historic
terms for biotech, but the clinical data justify that, quite honestly. Immu-
notherapy is the technology area that has really garnered the attention and
started this wave of new investment in the field, largely because they were
demonstrating really dramatic results in their clinical studies. Some immu-
notherapies have been showing 70, 80, 90% response rates in their trials
— and that’s previously unheard of.

The field as a whole is maturing. As I mentioned earlier, we're seeing
many more technologies in late-stage clinical development and on the

verge of commercial launch. Again, these are companies bringing forward
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technologies that fundamentally
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to have to demonstrate at least 60, results,
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ing your product has therapeutic
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effect, the more significant the val-
ue of the company should be. The
sooner you can demonstrate that therapeutic effect, the more investor in-
terest you will attract. As a result, we've seen some very high valuations in
the field following release of robust clinical data. Then, on the gene therapy
side, we've seen people come in for monogenic disorders, such as lysosomal
storage disorders, correct a single gene defect and demonstrate that it can
effectively cure the patient of the disease. So, I'm not surprised that we've
got these large valuations.

Another factor in the rate of investment is that there’s been a huge flood
of money into the field. It seems like almost every year we're hitting new
heights in this regard.

On the other side of the coin, you're also seeing that the field itself has
matured on the infrastructure side. Manufacturing is still a challenge, but
there’s a significant amount of manufacturing infrastructure in place now
that did not exist 10 years ago and more is being built all the time. All these
things come together to generate investor enthusiasm and explain the large
valuations that are coming into play.

Do I expect that to continue? I expect it to continue for companies that
are able to demonstrate that they can provide that significant therapeutic
value. The good news is you're getting big valuations and lots of money is
coming in through venture and public markets. But along with that, the
bar has been raised significantly for companies wanting to come into the
field. If you want to attract these large rounds of financing and hope to
get a large number in your IPO, you're going to have to demonstrate at
least 60, 70, 80% response rate in your clinical trials. Valuation numbers
are up, but so are expectations. If you look at what happened to some of
the companies that went public and then met difficulties in their clinical
programme — not necessarily that the programme failed, but that it didn’t
meet lofty expectations — their stock got crushed. That’s not a new phe-
nomenon — historically in biotech, if you don’t do well in clinical trials,
your stock gets crushed. But the standards in terms of what it takes to

succeed are now higher.
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Regarding the rare disease space in particular, how
does one justify high biotech valuations and how do
you expect that scenario to play out?

GB: It's a somewhat new phenomenon in the field that rare
disease and ultra-rare disease models are garnering a lot of inves-
tor interest and valuations. Why do people go after rare and ultra-rare
disease? It’s a variation in theme on the orphan drug strategy that’s been
applied by pharma and biotech for many years. The notion is if you're look-
ing at an orphan disease or a rare or ultra-rare disease, you are able to get
into your clinical trials and generate data more rapidly — the clinical path
to approval is accelerated.

The reason people have gone into those indications, particularly in gene
therapy, is there is this convergence of two models that can produce dra-
matic results on a relatively easy path. What you're seeing in the rare and
ultra-rare disease area, at least on the gene therapy side, is companies look-
ing at monogenic disorders. These are single gene defects that can be cured
with a single gene manipulation. 'm not trying to underestimate or mini-
mise the challenges facing these companies in any way, or their underlying
technology, but they’re ‘easy’ because you only have to modify one gene.
The other thing is, once you modify that gene, it’s binary: it either works or
it doesn’t, so you tend to get your results relatively quickly.

Owing to the fact that the diseases are ultra-rare and orphan, because
there aren’t other treatments available for them, the regulatory path is fairly
straightforward. The FDA, EMA and other agencies around the world are
providing straightforward paths into trials and approval pathways that are
much shorter than if you're looking at other disease models.

That explains why people are going into it. Does it explain the lofty val-
uations attached to these companies? I'm not sure it does entirely. I think
there will be some reality testing once we have a few more companies ap-
proved and in full commercial launch, where they’re being measured by the

amount of revenue they generate rather than success in clinical trials. There

-

“...for the near term you'll continue to see the valuations
maintained. Once you get into full commercial launch and
are trying to treat patients, and the company’s valuation

Is measured by the economics and not the clinical
|_Programme, you may see a readjustment of the valuah’on.”J
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will have to be some very lofty reimbursement codes for these technologies
in order to justify the significant expense that went into developing them,
and I wonder whether the system can support those kinds of codes.

I think for the near term you'll continue to see the valuations main-
tained. Once you get into full commercial launch and are trying to treat
patients, and the company’s valuation is measured by the economics and

not the clinical programme, you may see a readjustment of the valuation.

Which specific disease and technology areas will
come to the fore in commercial terms and drive the
field forward over the short- to mid-term?

G B: We’'re going to continue seeing the majority of clinical tri-
als in gene therapy or gene modified cells - CAR-T or other engi-
neered cells. The third category would be primary cells. Tissue engineer-
ing has relatively few clinical trials underway. The majority of therapeutics
being developed 5 years from now will be engineered cells of some kind.
The technology is too compelling for it not to go this way. If you can
engineer a mesenchymal cell and optimise its anti-inflammatory effects,
why wouldn’t you do that and have the cell provide 5 or 10 times more
therapeutic value?

We will also see continued growth in gene therapy. Gene insertion tech-
nologies, such as CRISPR and others, are getting better — there appears to
be a whole new generation of gene insertion technologies coming that will
enable more gene therapies and solve some of the problems we have with
viral vectors. I think we're going to see some growth and activity that might
replace viral vectors, and that will continue to enable gene therapies and
engineered cells.

At some point, genetic engineering of cells will reach a level of sophis-
tication where the sector can begin to take on more complex diseases.
I wish I could give you a timeframe for that, but I can’t. It will happen
eventually, but in the near term, you'll see activity continue to expand in
monogenic disorders and the number of disorders being addressed will
continue to increase. What will happen is we'll end up with people bring-
ing forward new insertion technologies and more targeted technologies
to minimise some of the off-target effects and toxicity related to viral
vectors in general.

Longer term, we will start to see some dramatic results in cancer. Right
now, we have seen dramatic results in hematologic malignancies, but it
has been more challenging to bring these immunotherapies in to solid tu-
mours. I do think we’re beginning to see some progress being made there,

though, and that will continue.
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What specific trends do you expect to see in
geographical terms moving forward, given the
tremendous market potential in regions beyond
North America and Europe?

fundamental ability to do clinical trials

“We're seeing the Asian market

G B: This is one of the more
interesting developments in

emerge as a legitimate, reliable player | the field in the last 24 months.
in the field - both in terms of the What has happened is thar Asia has

emerged as a key player in the cell
and gene therapy field — not sim-

there, but also because there are large | ply because carrying out a dinical
paﬁent pOpu|aﬁOﬂS...” Dy trial in China may be cheaper and

N\

N

faster, but because there has now
emerged a whole group of inves-
tors. The momentum started to build in Asia when the Japanese PMDA
introduced their new regulations around regenerative medicine technolo-
gies. They were the first legitimate jurisdiction to adopt a regulatory frame-
work that accelerated the approval process specifically for cell and gene
therapies. Because that happened in Japan, and not in the United States or
Europe, that started people looking at the Asian market. It also garnered
some investment activity and money flowing into Japanese companies, or
other companies utilising the PMDA’s accelerated process to bring their
products to market.

China is growing as an economic force worldwide, but there have been
concerns about IP protection, the legitimacy of their regulatory pro-
grammes and around the infrastructure in China. The Chinese Govern-
ment has adopted some progressive and aggressive programmes to develop
the biotech infrastructure, and it’s now starting to bear fruit. In 2017 there
were almost 40 billion dollars raised in biotech funds focused on China.
That was almost a threefold growth over the 2 years prior. In terms of ven-
ture investment in Chinese biotech, in 2017 there was almost US$12 bil-
lion invested — that’s 5 times the amount invested in 2016. And in 2018,
that trend continued, according to PwC data.

We're seeing the Asian market emerge as a legitimate, reliable player in
the field — both in terms of the fundamental ability to do clinical trials
there, but also because there are large patient populations, so being able
to enrol patients in trials is not as much of a challenge as it can be in the
West. Now you have infrastructure being built and funding being provid-
ed. Those are the pillars on which biotech is built. North America had been
the centre of power for healthcare, and for biotech in particular, for 40-50

years, but I think the Asian market is emerging as a legitimate challenger in
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the field with internal, indigenous funding, technology and infrastructure
— both clinical and manufacturing infrastructure — that will allow people to

bring their technologies forward.

Finally, can you highlight some of the most critical
specific elements of the ‘begin with the end in mind’
mantra, as far as investors are concerned?

GB: The notion of beginning with the end in mind actually ap-
plies with the greatest force in IT. The problems emerging companies
face in IT are largely engineering problems, not fundamental science. If
you have a clear vision of where you want to go and enough dollars, you
can always engineer your way out of a problem or to a solution. In biotech,
clinical trials are in essence a scientific endeavour. You're still testing the
science, still testing the technology, and often you are making advances in
the underlying science while bringing your technology forward. It’s not
an engineering challenge through the clinical trials phases, but once you
launch, it does become an engineering challenge.

So I'm not sure that maxim applies as much to biotech as a whole, but
the comments I made earlier around manufacturing do apply with tremen-
dous force here. Given the maturation of the field, the amount of money
being invested and where we are in terms of clinical trials, manufacturing
and the ability to successfully launch on a commercial scale has now be-
come a very, very important issue.

Traditionally, when you're in phase 1 or 2, you're typically at least 3-5
years from a commercial launch and historically, management teams in
those companies haven't spent a huge amount of time on manufacturing
issues at that stage. But today, with the way things are moving much more
rapidly, I think it is incumbent on any biotech company management team
to have mapped out and tested its manufacturing strategy by that stage.
You need to identify your manufacturing partners, decide whether you’ll
do it on your own or outsource, and optimise your manufacturing process.

The sooner you can address those issues and optimise your manufactur-
ing process, the better off you will be. To succeed, cell and gene therapy
companies need to think long and hard about their manufacturing strategy

and do it sooner rather than later.
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The diversity in regenerative
medicines regulations in Europe,

USA and Japan

Tingting Qiu, Monique Dabbous, Lylia Chachoua,
Claude Dussart & Mondher Toumi

Substantial efforts have been made to increase harmonization across
regulatory authorities for the regulation of regenerative medicines (RMs),
yet variations still exist in market authorization (MA) processes with re-
gards to terminology, product classification, and evidence requirements.
Regulatory and MA processes were examined in the EU, the USA and
Japan. RMs are evaluated under similar regulatory frameworks as either
traditional medicines or biologicals by the Food and Drug Administration
in the USA, with a risk-based approach acknowledging the RM'’s speci-
ficities. In the EU, RMs are regulated under the centralized procedure by
European Medicines Agency (EMA), with an additional step that a draft
opinion is prepared by Committee for Advanced Therapies (CAT) prior to
a final MA opinion from Committee for Medicinal Products for Human
Use (CHMP). The Pharmaceuticals and Medical Devices Agency (PMDA)
in Japan has shifted the regulatory paradigm of RMs with a time-limited,
conditional MA pathway to accelerate patient access and increase global
competitiveness. Opponents argue that such a system may be too per-
missive in potentially exposing vulnerable patients to treatments with
questionable efficacy and safety. The FDA and EMA have shown more
willingness to accept real world evidence (RWE) to support MA applica-
tions. RWE was more commonly used in post-market surveillance by the
PMDA in the past, but efforts are underway to explore the possibility of
using patient registry data for MA application. To avoid the use of unau-
thorized RMs, the FDA has temporarily established the Tissue Reference
Group (TRG) Rapid Inquiry Program (TRIP) to support sponsors in the
regulation of specific RMs, along with the release of final guidelines to
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explain the principle of ‘minimal manipulation and homologous use’. The
PMDA requires a specific expert committee review for RMs (including
autologous RMs for homologous use) administered in medical practices
and research based on effects on human health. The ‘hospital exemption’
rule in the EMA still needs more clarification to ensure its harmonious
implementation across different Member States. Expedited approval pro-
grams in three jurisdictions showed disparities in eligibility criteria, appli-
cation timelines and incentives provided to sponsors.

Cell & Gene Therapy Insights 2019; 5(8), 1031-1042

DOI: 10.18609/cgti.2019.111

REGULATION

AND MARKETING
AUTHORIZATION
OF REGENERATIVE
MEDICINES

Regulatory authorities worldwide
have made substantial efforts to
facilitate the market approval of
RMs through the establishment of
specific RM legislations incorpo-
rating scientific support, expedit-
ed approval programs, and flexible
evidence assessment approaches.
Regulation (EC) no 1394/2007
was released by European Medi-
cines Agency (EMA) in Novem-
ber 2007 as a specific legislative
act to regulate relevant activities
related to Advanced Therapy Me-
dicinal Products (ATMPs) from
the drug development phase to
the post-market surveillance [1].
Afterwards, Japan’s revised Phar-
maceutical and Medical Device
Act (PMD Act) was enacted in
November 2013, in which RMs
were defined as a new category
that were subject to a separate
regulatory pathway [2]. The US
Food and Drug Administration
(FDA) announced a comprehen-
sive. RMs policy framework in
November 2017, which outlined
a suite of guideline documents for

DOI: 10.18609/cgti.2019.111

the development and oversight of
RMs [3].

The differences in the market
authorization (MA) processes of
RMs in the EU, the USA and Ja-
pan are the focus of this paper’s
examination.

DIFFERENCES IN
THE REGULATION
FRAMEWORK OF
REGENERATIVE
MEDICINES

Definition of
regenerative medicines

From the perspective of definition,
unrelated allogeneic hematopoietic
stem/progenitor cell therapies from
placental/umbilical cord blood that
are minimally manipulated are regu-
lated as biologics in the USA — there-
fore, a MA must be obtained before
a product can be commercialized.
However, these therapies are not
regulated as medicinal products (bi-
ologics or traditional medicines) in
the EU and Japan, where no require-
ments for MA are imposed [5].

The regulation by the EMA of
ATMPs classifies products in three

categories [6]:




1.Gene Therapy Medicinal Product
(GTMP);

2.Tissue Engineered Products
(TEP); and

3.Somatic Cell Therapy Medicinal
Products (CTMP)

Based on the EMA regulation, an
ex vivo gene therapy would be clas-
sified as a GTMP even though the
final therapeutic product would be
cell-based like CTMPs. For exam-
ple, the chimeric antigen receptor
(CAR) T cell therapy, Kymriah®,
falls within the category of a gene
therapy for the EMA, while it was
approved as a somatic cell process-
ing product by the PMDA. An-
other example is MACI®, which
was approved as a tissue engineered
product by the EMA, while it was
classified as a cellular therapy by the
FDA.

To better support manufactur-
ers on regulation issues, scientific
recommendations can be sought
from the EMA and the FDA to
determine whether applicants in
development meet the definition
of RMs, product category, and
which regulations will be applied
to their specific products through
ATMP  classification procedure
[7] and Tissue Reference Group
(TRG)-Rapid Inquiry Program
(TRIP) [8].

Market
authorization pathway

Despite showing more willingness
to accept uncertainty and develop
adaptive pathways to accelerate the
market access of RMs, authorities
differed in balancing the flexibility
and stringency in the evidence as-
sessment process (Table 1).

In EMA, ATMPs are regulated
under centralized MA procedure,
where manufacturers send a single
MA application to Committee for
Advance Therapies (CAT) for the
assessment of quality, eficacy and
safety. CAT bears the responsibility
of preparing a draft opinion on MA
application before Committee for
Medicinal Products for Human Use
(CHMP) adopts a final MA opin-
ion. Products that have positive ben-
efit-risk profile and hold promise to
fulfill unmet medical needs, would
be eligible for conditional MA,
while MA holders must complete
the scientific obligations to collect
comprehensive data before a stan-
dard MA could be granted. Unlike
conditional MA, authorization un-
der exceptional circumstances can
be granted when the applicants are
unable to provide confirmatory data
even after MA because of disease
rarity or unethical consideration.

In PMDA, RMs are regulated
under a unique, fast-track approv-
al pathway separated from all the
other product categories by the
regulator. There have been some
controversies suggesting that such
accelerated approval systems may
be too permissive in the premature
approval of RMs, which has raised
concerns around whether the prod-
uct’s long-term efhcacy would be
as promising as claimed [10]. For
example, the PMDA’s conditional
approval of HeartSheet® for heart
disease and Stemirac® for spinal
cord injury were criticized as too
risky, as only non-controlled studies
with small patient populations were
available to support their efficacy.

In the FDA, a similar condition-
al approval pathway to the one es-
tablished by the PMDA was put in
place in March of 2016. Known as
the REGROW Act, it eliminated
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Europe

USA

Japan

TABLE 1

The legislation and market authorization procedure of regenerative medicines in Europe, the USA and Japan.

Legislation Definition of regenerative medicines Market authorization procedure Products exempted from MA regulation

COMMENTARY

Regulation (EC) No 1394/2007
(2007)

» Public Health Service (PHS)
Act (1944)

» Federal Food Drug and
Cosmetic (FD&C) Act (1938)

» Title 21 of the Code of Federal
Regulation (CFR) part 1271

» Pharmaceutical and Medical
Device Act (PMD Act)
(approved in Nov 2013)

» Act on the Safety of
Regenerative Medicine (RM
Act) (approved in Nov 2013)

» Advanced therapy medicinal products (ATMP):
Medicines for human use that are based on genes,
tissues or cells

» Gene therapy medicines: these contain genes that

lead to a therapeutic, prophylactic or diagnostic effect

» Somatic-cell therapy medicines: these contain cells
or tissues that have been manipulated to change
their biological characteristics or cells or tissues not
intended to be used for the same essential functions
in the body

» Tissue-engineered medicines: these contain cells or
tissues that have been modified so they can be used
to repair, regenerate or replace human tissue

» Cellular and Tissue-based products (HCT/Ps) are
defined as articles containing or consisting of human
cells or tissues that are intended for implantation,
transplantation, infusion, or transfer into a human
recipient

» Regenerative medicines was defined as a cell therapy,
therapeutic tissue engineering product, human cell
and tissue product, or any combination product using
such therapies or products

» Regenerative medicine: (1) Processed human or
animal cells intended for either: (a) the reconstruction
repair, or formation of the structure or function of
the human (or animal) body; (b) the treatment or
prevention of human (or animal) diseases (2) Articles
intended for the treatment of disease in humans(or
animals) and are transgened to express in human (or
animal) cells

» Centralized market authorization procedure:

» Pharmaceutical companies submitted a single market authorization
application to Committee for Advanced Therapy (CAT) for the primary
evaluation and draft recommendation to Committee for Medicinal
Products for Human Use (CHMP), followed by CHMP generated final
opinion and transmitted to European Commission for MA decision

» Under the same oversight framework as other medicines, but
requirements for evidence assessment could be more flexible

» Risk-based approach was recommended for MA application dossier
to identify the risk factors regarding the quality, safety and efficacy of
ATMPs, along with determining the extent of evidence to be included
in the MAA

» Tiered, risk-based approach was used to regulate the HCT/Ps based
on public health and regulatory concerns (such as the transmission of
communicable diseases)

» HCT/Ps not meeting the definition of ‘Section 361’ product will be
regulated as drugs, medical devices, or biological products under
Section 351 of PHS Act and FD&C Act, thus pre-market approval was
needed

» Regenerative medicine was defined as a new category of products
separate from conventional pharmaceutical medicine and medical
device

» Conditional, time-limited approval for a maximum of 7 years for RM
demonstrating likely efficacy and confirmed safety evidence in the
preliminary clinical trial

» Secondary MA application is obligated to assess whether the actual
performance of regenerative medicines satisfy the requirements of full
market authorization based on post-market evidence collected in the
period of conditional MA

» Eligible ATMPs satisfy the criterial for the ‘hospital exemption’
(HE) rules: prepared on a non-routine basis according to specific
quality standards, and utilized within the same Member State
in a hospital under the exclusive professional responsibility of a
medical practitioner, in order to comply with an individual medical
prescription for a custom-made product for an individual patient

» The use of HE products needs to be authorized by the national
competent authorities (NCAs). In principle, ATMPs under the HE
scheme should be of equivalent quality to ATMPs developed for
commercialization, but the implementation of quality requirements
varied among different Member State

» ‘Section 361’ HCT/Ps: products that are minimally manipulated,
intended for homologous use, non-combined products, and not
associated with systematic effects and not dependent upon the
metabolic activity of living cells for its primary functions

» ‘Section 361’ HCT/Ps will be subject solely to the regulation under
Section 361 of PHS Act and 21 CFR Part 1271

» Unprocessed products, including 1) separation and cutting of
tissues; 2) isolation of specific cells; 3) treatment with antibiotics; 4)
washing; 5) sterilization by gamma ray; 6) freezing; 7) thawing, and/
or other procedures that do not use cells for the purpose of gaining
different structures and functions from the original cells

» For RMs administrated in daily practice and clinical research, they
will be classified into three categories: Class 1 (high risk products
requiring CSCRM review and MHLW approval), Class 2 (medium
risk products requiring CSCRM review), Class 3 (low risk products
requiring CCRM review)

CCRM: Certified Committee for Regenerative Medicine; CSCRM: Certified Special Committee for Regenerative Medicine; EC: European Commission; MA: Market Authorization; MHLW: Ministry of Health, Labor and welfare.
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the requirement for Phase 3 stud-
ies. Ultimately, the REGROW Act
was rejected due to strong objec-
tion from the academic communi-
ty that it compromised the FDA’s
oversight standards and allowed
for potentially ineffective or even
dangerous drugs onto the market.
Instead, an accelerated approval
pathway (Regenerative Medicine
Advanced Therapy (RMAT) desig-
nation) was introduced under 21st
Century Cures Legislation, which
has allowed more flexibility in data
requirements and ensures that regu-
latory stringency has been upheld at
the same time [11].

The acceptance of
real-world evidence in
market authorization
application

The FDA holds a favorable attitude
towards the use of real world evi-
dence (RWE) (i.e., electronic health
records, medical claims, patient
registries and/or mobile devices)
as part of a regulatory submission
of RMs, with a separate section of
“Modern Trial Design and Evidence
Development” included in the US
21st Century Cure Act [12].

The EMA piloted an adaptive
pathway for innovative medicines
from March 2014 to August 2016.
It was built on the existing condi-
tional market authorization path-
way and based on three principles:
1) iterative approval and coverage;
2) reliance on RWE to supplement
clinical trial data; and 3) early in-
volvement of other stakeholders
including patients and health tech-
nology assessment (HTA) bodies. It
underlined the importance of RWE
for early approval and coverage deci-
sion-making as long as the rationale

for the use of non-RCT study could
be justified [13].

In the PMDA, RWE is more
widely used for post-market clini-
cal data collection or safety surveil-
lance. There are no official RWE
documents clarifying its definition
or scope of application available.
In April 2019, the PMDA initiated
public consultation around the ap-
propriateness of using patient regis-
tries in evaluating the efficacy and
safety for MA applications when
randomized controlled trials were
difficult to conduct [14].

Regulation exemption

Eligibility criteria for regulation
exemption suggests some differ-
ences between the EU, the USA
and Japan. Except for the common
requirements for minimal manip-
ulation and homologous use, the
FDA has emphasized that exempted
products must be non-combination
products, free of systemic effects,
and independent from the metabol-
ic activity for their primary func-
tion [15]. The FDA’s ‘Regulatory
Consideration for Minimal Manip-
ulation and Homologous Use” was
issued in November 2017, in order
to support sponsors in assessing the
qualification of regulation exemp-
tion of their product and to protect
vulnerable patients from unlicensed
treatments.

Hospital exemption (HE) regu-
lation by the EMA highlights the
custom-made ATMPs use in a hos-
pital setting for a specific patient
under the responsibility of individ-
ual physicians within the Member
State where they are manufactured
and used. However, the divergence
in interpretation of HE definition
at the national level has caused
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confusion for developers in navigat-
ing each EU member state’s frame-
work. This also has the potential to
pose a threat to profitability of MA
holders who have made enormous
investments in commercial product
development [16].

In Japan, the Act on the Safety
of Regenerative Medicine’ of 2014
stipulated that all processed cells
used in medical practice and re-
search must be classified into three
categories (Class I-high risk, Class
[I-medium risk and Class III-low
risk) based on the degree of the
product’s effect on human health.
All protocols must be approved by
specific ethical and scientific com-
mittees, while additional require-
ments of the Minister of Health,
Labour and Welfare (MHLW) in-
spection for Class III RMs must
also be fulfilled [17]. Furthermore,
in response to the call for the
strengthening in regulation and in-
creased transparency of RM use in
private clinics, MHLW has required
that more treatment details must be
disclosed by private entities, such
as institution name, procedure de-
scription, and a detailed protocol
link on the MHLW website [18].

Expedited approval program

Although all expedited drug des-
ignation programs share common
goals to facilitate the approval of
innovative therapies, they show dif-
ferences in terms of eligibility crite-
ria, application timeline, decision
publication, and incentives offered
(Table 2).

Unlike  priority =~ medicine
(PRIME) designation in Europe
and SAKIGAKE designation in
Japan, RMAT designation by the
US FDA is exclusively applicable to

DOI: 10.18609/cgti.2019.111

RMs indicated for life-threatening
diseases with high unmet clinical
needs, where no requirement for
therapeutic superiority over existing
treatments is imposed. Requests for
RMAT designation must be made
concurrently with the submission of
an Investigational New Drug (IND)
application, or as an amendment to
an existing IND. The FDA will no-
tify the sponsor about the final deci-
sion no later than 60 calendar days
after the receipt of the designation
request. However, no official list of
RMAT approvals has yet been made
available [19]. 33 products (5 with-
drawn) received RMAT designation
as of March 2019.

PRIME  designation  under-
lines the potential to benefit pa-
tients with unmet medical needs
on the basis of preliminary clinical
data. Academic or small and me-
dium-sized enterprises (SMEs) are
allowed to apply earlier based on
compelling non-clinical data or tol-
erability data. The EMA proposed
11 deadlines for PRIME designa-
tion submission in 2019, and up-
dated the list for granted products
on a monthly basis [20]. 53 prod-
ucts have received PRIME designa-
tion as of May 2019, among which
23 (43.40%) have been RMs.

SAKIGAKE  designation en-
courages innovation and promotes
the approval of the product in Ja-
pan ahead of other countries. An-
nouncements for the commence-
ment of SAKIGAKE designation
application and approval is released
annually [21]. After four rounds
of application until May 2019, 43
products have received SAKIGAKE
designation. Among these, 11 were
RM:s.

Drugs with SAKIGAKE desig-
nation may also benefit from prior-
itized consultation and prioritized
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The comparison of expedite programs in Europe, the USA and Japan.

Europe

USA

Conditional market
authorization

Approval under
exceptional circum-
stance (EC)
Accelerated
assessment

Priority medicine
(PRIME) designation

Fast track

Accelerated
approval

Priority review

Breakthrough
designation

Regenerative
medicine Advance
therapy (RMAT)
designation

Eligible criteria Advantages

» Positive risk-benefit balance
» Unmet clinical needs will be fulfilled
> It’s likely to provide comprehensive data after MA

» Benefit of immediate availability outweigh the risk of lees comprehensive data

Applicant is unable to provide comprehensive data on the efficacy and safety un-
der normal conditions of use due to 1) disease rarity or 2) ethical reasons

» Expected to be of major public health interest

» Particularly from therapeutic innovation perspective
» Offer a major therapeutic advantage over existing treatments

» Benefit patients without treatment options

» Show its potential to benefit patients with unmet medical needs based on early
clinical data

» Indicated for serious conditions

» Fill an unmet medical need defined as providing a therapy where none exists or
providing a therapy which may be potentially better than available therapy (such
as superior effectiveness or avoiding serious side effects)

» Drugs for serious conditions that filled an unmet medical needs

» Drugs that have significant improvements in following aspects: 1) increased
effectiveness; 2) elimination or significantly reduce the drug adverse effects; 3)
enhancement in patient compliance; 4) better safety or effectiveness in a new
subpopulation

» Intend to treat a serious condition

» Preliminary clinical evidence indicates that the drug may demonstrate substantial
improvement over available therapy on a clinically significant endpoint

» Regenerative medicines that are intended to treat, modify, reverse, or cure a
serious or life-threatening disease or condition

» Preliminary clinical evidence indicates that the drug has the potential to address
unmet medical needs for such disease or condition

» Accelerated approval on condition that scientific obligation must be fulfilled to collect
confirmatory data

» Converted into standard market authorization once comprehensive data was collected

Reduce CHMP review timeframe to 150 days compared to 210 days under standard review

» Appoint a rapporteur from CHMP or CAT
» Intensive guidelines on the overall development plan and regulatory strategies

» Scientific advice at key development milestones, involving additional stakeholders, such as
HTA body

» Potential for accelerated assessment
» More frequent meetings with FDA to discuss the drug’s development plan and data collection

» More frequent written communication from FDA to discuss the clinical trials design and use
of biomarkers

» Rolling review

Allow faster drug approval based on 1) surrogate (such as a laboratory measurement, radio-
graphic image) or 2) an intermediate clinical endpoint (a measure of a therapeutic effect that is
considered reasonably likely to predict the clinical benefit)

Reduce the FDA review time to 6 months compared to 10 months under standard review

» All Fast Track designation features
» Intensive guidance on an efficient drug development program, beginning as early as Phase 1

» Organizational commitment involving senior managers
» Intensive guidelines on drug development as early as Phase 1,

» Early interaction to discuss potential surrogate or intermediate endpoints;
» Organizational commitment involving as senior managers;

» Statute addresses potential ways to support accelerated approval and satisfy post-approval
requirements

RMs approved under each

system (Approval date)

Zalmoxis® (18/08/2016)
Holoclar® (17/02/2015)

Glybera® (25/10/2012)
Withdrawal from market

None

Kymriah® (22/08/2018)
Yesccarta® (23/08/2018)
Zynteglo® (29/05/2019)

Hemacord® (10/11/2011),
Imlygic® (27/10/2015)
Provenge® (29/04/2010)

Carticel® (22/08/1997)

Kymriah® (30/08/2017),
Luxturna® (18/12/2017),
Yescarta® (18/10/2017),
Zolgensma® (24/05/2019)
Kymriah® (30/08/2017),
Luxturna® (18/12/2017),
Yescarta® (18/10/2017)
Zolgensma® (24/05/2019)

Not available

CAT: Committee for Advanced Therapies; CHMP: Committee for Medicinal Products for Human Use; FDA: US FOOD & DRUG ADMINISTRATION; HTA: HEALTH TECHNOLOGY ASSESSMENT; MA: Market Authorization; PMDA: Pharmaceuticals and Medical Devices Agency.
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—» TABLE 2 CONTINUED.

The comparison of expedite programs in Europe, the USA and Japan.

Eligible criteria Advantages RMs approved under each
system (Approval date)

Japan Time limited, » Regenerative medicines showing likely efficacy and confirmed safety in early » A maximum of 7 years of market authorization on condition that further data will be collected Collategene® (20/02/2019),
conditional market clinical study during conditional MA period Stemirac® (28/12/2018),
authorization HeartSheet® (18/09/2015),

JACC® (27/07/2012)
SAKIGAKE » Product innovativeness » Consistent prioritized consultation Stemirac® (28/12/2018)
designation

» Target disease condition should be serious or life-threatening, or have no available | » Pre-application consultation

Gl e et » Prioritized review aiming for a further reduction in the total review period to 6 months

» Significantly improvement in effectiveness or safety compared to existing compared to 9 months in ordinal priority review and 12 months in standard review.

DRI » Assigning a PMDA manager as a concierge.
» Develop the.product rapidly and file an application for approval in Japan, ahead of » Extension of re-examination period
other countries

» Potential of 10-20% premium at drug price.

Regenerative medi- » Prevalence of the disease covered by the indication of the product concerned is » Subsidy granting of direct expenses of the development and authorization of such products JACE® (29/09/2016),
cine specific orphan less than 50,000 patients in Japan Temcell® HS (18/09/2015)
drug designation

» PMDA provide advices and consultations concerning the interpretation of designation criteria
» Indicated for serious disease with high medical needs and other regulatory matters

» Tax credits for the direct expense required during the subsidy period of research and
development stage

Priority review » Target a serious or life-threatening condition » PMDA review time reduce to 9 months compared to 12 months under standard review JACE® (06/08/2007)

» Demonstrate clinical advantages over existing therapies in terms of safety,
efficacy, or patient quality of life

CAT: Committee for Advanced Therapies; CHMP: Committee for Medicinal Products for Human Use; FDA: US FOOD & DRUG ADMINISTRATION; HTA: HEALTH TECHNOLOGY ASSESSMENT; MA: Market Authorization; PMDA: Pharmaceuticals and Medical Devices Agency.
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the

pending time for consultation is

review, which means that
reduced to 1 month (rather than
the 2 months under standard con-
sultation) and review time is short-
ened to 6 months (instead of the
9 months for standard priority re-
view). Additionally, extension of
the re-examination period (8-10
years) to strengthen data protection
and post-market safety measures is
granted to SAKIGAKE designated
drugs [22].

RMAT designation and SAKI-
GAKE designation allow for rolling
review during which a company
may submit sections of MA appli-
cation as they are completed for
review, rather than waiting to com-
plete the full application for sub-
mission. However, rolling review
is not automatically permitted for
PRIME designated drugs [23].

Pricing and  reimbursement
mechanisms have been involved in
expedited programs. For example,
products with PRIME designation
are offered the chance to interact
with additional stakeholders, such
as HTA bodies, in order to facilitate
quicker patient access, and SAKI-
GAKE designated drugs have the
potential to benefit from a 10-20%

price premium [22].

Post-market surveillance
perspective

Substantial, specific obligations for
conducting further studies to con-
firm efficacy and safety were man-
datory to obtain standard MA for
products with conditional MA in
the EU. Similarly, In parallel with
the requirements for secondary ap-
plication of RMs with time-limit-
ed, conditional approval in Japan,
Medicine

National Regenerative

Cell & Gene Therapy Insights - ISSN: 2059-7800
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Database (NRMD) operated by the
Japanese Society for Regenerative
Medicine (JSRM) was established
for post-market surveillance of effi-
cacy and safety [24]. It implies that
conditional approval may face the
risk of withdrawal if products fail
to collect confirmatory evidence or
to satisfy the requirements for stan-
dard MA, although no products
with conditional approval have been
withdrawn from the EU market due
to misconduct or delays in complet-
ing the post-market studies [25].

Although the FDA has indicated
that a confirmatory Phase 4 study
was required for drugs with acceler-
ated approval, no requirements for
mandatory re-evaluation or re-ap-
plication after MA are imposed,
thus sponsors have less motivation
to complete the post-market studies
as required [26].

TRANSLATION INSIGHTS

International coordination to stan-
dardize terminology, in addition
to establishing a universally recog-
nized regulatory pathway, is crucial
to facilitate the approval of RMs.
However, it could be challenging to
establish such a uniform platform
due to the fast-changing regulatory
environment and different public
health needs. For instance, histor-
ically, the FDA showed a prompt
attitude to approving new innova-
tive products while the EMA took a
more conservative approach. How-
ever, more recently, the EMA has
introduced a number of accelerated
programs and has moved ahead of
the FDA in terms of piloting adap-
tive pathways, which are considered
not only from a licensing perspec-
tive but also from a market access
perspective [4].
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There remains hope for greater col-
laboration in the future. A number of
international harmonization initia-
tives have already been established,
such as the joint EMA-FDA-Health
Canada Committee, allowing regula-
tors to communicate with each other
on RM matters through bi-monthly
meetings [27], and the International
Pharmaceutical Regulators Program’s
(IPRP) specific gene and cell therapy
group, which includes international

regulators from 12 countries and
meets regularly [28].

A common scientific platform
would at least secure a joint un-
derstanding of the minimum re-
quirements for positive benefit-risk
assessment and a timely marketing
approval for these therapies. Har-
monized regulation could provide
crucial impetus for realizing inter-
national integration and increasing
global competition.
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MEETING PRECLINICAL
DATA REQUIREMENTS FOR
CELL & GENE THERAPIES

INTERVIEW

An outcomes-based, innovative
reimbursement mechanism for

curative medicines

OMAR ALI qualified as a hospital pharmacist and has exetnsive experi-

ence as an NHS formulary pharmacist reviewing cost effectiveness of med-
icines for access and reimbursement at regional and national level. He was a
former adviser to NICE on the ERG for adoptiona and impact of new med-
icines. He is currently working towards a PhD in value-based agreements
and innovative contracting for new medicines, last year authoring on a paper
providing a methodological framework for CAR-T reimbursment based upon
remission (pay for performance model) over time.

Cell & Gene Therapy Insights 2019; 5(8), 859-865
DOI: 10.18609/cgti.2019.099

Tell us a bit about yourself and how you came to
specialize in value-based agreements.

OA: | previously worked in the UK NHS healthcare system as a
hospital pharmacy payer, assessing new medicines for cost-effec-
tiveness and utility at local/regional level for drug budget alloca-
tion. My work at NICE involved drug assessment across various panels on
health technology assessment, health utility, disutility, cost—effectiveness —
all the typical things NICE will look at for new health technologies assess-
ment and evaluation. I became very interested in value-based agreements,

risk sharing, and some of the innovative contracting that was going on at

NICE.
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I then decided to do my PhD on this subject matter at the University of
Portsmouth. My PhD thesis is on value-based pricing and outcomes-based
innovative contracting of new medicines and health technologies.

My first paper for this PhD was published last year and was on the sub-
ject of a methodological approach of looking at a new treatment such as a
CART cell therapy. CAR T was really still on the horizon at that point — it

hadn’t actually entered the market — so it was quite timely.

I co-authored the paper with Cell

‘Affordability is really about and Gene Therapy Catapult (part
opportunity cost in a situation where | of Innovate UK, based ar Guy’s &

there is a finite budget cap..”

St Thomas Hospital in London). It

was an original piece of research to

860

N

look at how an outcomes based, in-
novative reimbursement mechanism for a curative medicine such as CAR
T, could be implemented within a single payer healthcare system, from top
to bottom, including all touchpoints (clinical, administrative, personnel
and capital). In essence, a comprehensive design and assessment provid-
ing a methodological approach for curative, transformative cell and gene
therapies.

Our research involved everyone from the top-end at the Department of
Health and NHS England down to hospital-level management, finance, cli-
nicians and pharmacy departments. We were able to track how such a CAR
T cell therapy innovative reimbursement model could be implemented and
adopted, into a Western healthcare system; it was actually a methodological
approach, meaning it didn't have to be the NHS, specifically. We looked
at who will be doing what, what are the costs and what is the administra-
tive burden — all with a view to providing stakeholder organizations such
as payers and manufacturers with a template to help bring some of these
new therapies to market. Our ongoing PhD work in the area of outcomes
based innovative contracts shows that many healthcare organizations and
drug manufacturers are struggling with deployment and scalability of such
contracts once the architecture has been outlined. At the end of the day, the

goal is to help improve access to these therapies.

Can you frame for us why curative therapies pose
such pragmatic problems for payer organizations
around the world?

OA: As we move from daily treatments to one-off cures, the
main issues arising stem from three domains: cost-effectiveness,
affordability and uncertainty.

DOI: 10.18609/cgti.2019.099
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Cost—effectiveness helps bring about a list price model. Some of the list
prices for recently approved cell and gene therapies do look eye watering
at first glance, heading up to around the US$1-2 million range. Therefore,
the first question is, does the cost per QALY (quality-adjusted life year)
add up? In many instances it doesn’t, so we immediately have a pricing
issue. A complicating factor here is that different markets have different
thresholds. For example, in the UK, we usually have a ceiling of around
£20,000-£30,000 per QALY, but with orphan conditions it can go up to
£100,000—-£150,000 per QALY. However, it’s a very different threshold in
the US. They do use cost per QALY to a certain extent, but they almost
start at the UK’s upper limit — their standard therapies can often fall within
the UK’s orphan drugs range.

Once payers are happy with the list price (in other words, they agree
there is a QALY gain with the product — it is transformative or curative)
then the next question is one of affordability. Some nations have drawn a
line in the sand with regard to affordability, while others haven’t done so
yet. The UK, for example, has introduced an affordability threshold, which
sit at around £20 million in each of any of the first three years of product
launch. That’s actually the first time that a major Western country has said,
‘look, it’s not just about cost—effectiveness now, but affordability, too’. So
in the UK, if you're exceeding that £20 million per year in any of your first
3 years on the market, then the payers may have to go back to the drawing
board to see how can they can afford this as a therapy.

Affordability is really about opportunity cost in a situation where there
is a finite budget cap: if I pay for a CAR T cell therapy, it’s so expensive that
I'm having to decommission treatments to be in a position to afford it. So
affordability of these transformative drugs — CART and gene therapies — is
also becoming an issue. Additionally, it is going to be nigh impossible for
most healthcare systems to be in a position to pay for these therapies in a
single instalment.

Payers are not just worried about each individual treatment, of course —
they see a queue of buses, if you like, coming down the road, each holding
a price tag of upwards of $1-2million USD per patient and rising! As a
payer, if I have 20 ‘buses’ claiming to cure 20 diseases and they’re all priced
in this new paradigm, I've got a big problem on my hands. And as we set
these list prices for the first few therapies, those following them are going
to fall into the same price referencing. They’re all going to want these price
points — even if some of them are not actually worth it, that’s the value
they’ll claim. The sustainability of global healthcare systems will collapse
under such strain — and hence the trigger for innovative reimbursement
mechanisms to provide access to these treatments has never been so critical.
For every unaffordable treatment, there’s a patient in the wings wanting,

demanding access — and demanding it now.
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Thirdly, we have the uncertainty piece — for example, where a novel drug
claims to offer a 20-year cure, but only has data for 2 years. The 20-year
cure may actually allow for a price point in the millions of dollars, but if
you've only got 2 years of data that means there are 18 years of uncertainty.
This presents payers with a further problem — what if it doesn’t cure? What
if the disease comes back? What if we have to give another dose at some
point in the future — will we have to find the money again? The ratio be-
tween the evidence duration and the lifetime cure is becoming increasingly
important for trying to model uncertainty.

This triangle of cost—effectiveness, affordability and uncertainty means
that these transformative medicines are generating significant tension in
pricing and reimbursement systems across the globe. Stakeholders are now
evolving innovative, non-traditional payment mechanisms to be able to
adopt these therapies for indications where there’s big unmet need and
demand is high for a cure. Some of these mechanisms are finance-based,
some are outcomes-based, some are a mixture of the two — all are aimed at
somehow providing a sustainable reimbursement model so that healthcare
systems don’t go bankrupt on day one.

It is really very unfortunate — the tension in the system is a real paradox:
we're finally coming up with curative therapies, but paying the price for

each one will be problematic.

You mention your research could be applied broadly
as a methodological approach. Can you give us more
detail on it?

OA: We (Catapult and Verpora) undertook the research be-
cause we realized there wasn't really any publicly available origi-
nal research on how such an innovative outcomes-based contract
could be integrated into a traditional reimbursement model today,
here and now.

We looked at a hypothetical CART product for relapsed ALL. We looked
at the current NHS healthcare system and asked, ‘how could it implement,
from top to bottom, an outcomes-based innovative contract?” That contract
was based on a premise from the work that NICE did with the University
of York - that one of the models that could be adopted would be something
like a mortgage repayment, where you would pay an upfront deposit, make
ongoing monthly payments thereafter, and then pay a final instalment and
exit the repayment plan at a given point some years later.

What we did was to examine every level of the Department of Health,
NHS England, individual hospitals, and the specific departments within
them that are really the adopters of the technology. We looked at how the

DOI: 10.18609/cgti.2019.099
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healthcare system as a whole could manage the upfront deposit and payment
over time, dependent on the performance of the drug - how it would work,

how the money would flow, who would do the work, and what it would all

add up to.

((Who IS gOIﬂg J[O pay ]COI’ that Firstly, we found that most of

administrative burden and then how

the administrative burden is in year

one. Set-up costs are quite signifi-

do you base reimbursement upon it?" | - for one thing, you'te paying

N

Q

about 1% of the total cost of CART
just to implement such an innovative financial model. We did original in-
terviews and research across a number of hospitals to generate our data and
at the top line, we saw that about 60% of the entire burden of employing
this model falls with hospital pharmacy. After that, it’s finance, I'T, and then
some physician time, too.

Moving forward from that, let’s take a CAR T cell therapy with a list
price in excess of £250,000 as an example. There would be an upfront
deposit of perhaps £150,000, and then monthly payments based on the
patient’s blood test results for up to 10 years — the period of the curative
promise, upon which the list price is based. If this promise is broken at any
point and the patient relapses, then the payments would cease — so in effect,
a graduated money back guarantee would be applied.

You need an outcomes-based model that is feasible for both the manu-
facturer and the NHS payer so for our paper, we looked at minimal residual
disease (MRD) which is as close to remission as we may get. Payment was
based on a patient’s blood tests, which were not to carried out any more fre-
quently than they normally would be for surveillance of their condition —
under standard of care, a patient would have chemotherapy, maybe a stem
cell transplant, and then theyd go home. They would then be monitored
perhaps once every quarter in year one. We were quite keen not to inflict
more blood tests on our hypothetical patients than they would normally
undergo. In fact, the only real difference under our model is there’s a reim-
bursement mechanism that comes from the hospital finance department
back to the manufacturer, which says, ‘yes, this patient is still in remission,
so here is your monthly payment for him/her, but this other patent has

relapsed, so we've stopped payment there and that contract ceases’.

How do you see value-based agreements panning
out? What do you see as the chief challenges and
barriers to their implementation, and will they provide
the ultimate answer to managing higher drug prices?

Cell & Gene Therapy Insights - ISSN: 2059-7800 863
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OA: | think we're coming to the realization that outcomes-
or value-based agreements probably are not the panacea to high
drug prices; but it's the start of a journey that’s already shaping
markets. This shift from “volume to value” in healthcare is happening in
our hospitals, in our clinics, and now it’s happening with medicines.

Where does the journey go? I don't think we really know at this point,
but the key thing for me is we have started to shift focus from volume to
value. We've started the move from buying things and processes to buying
outcomes.

Healthcare systems are already quite used to paying for outcomes, even
in the USA. If you think about a lot of the contracts between healthcare
providers and health plans and insurers, they are based upon achieving a
certain result. All that has happened is this model is now being applied to
the evaluation of novel medicines, too. The high list prices have probably
enabled that shift to happen more quickly.

In the USA, we're really seeing an explosion in value-based agreements
now. As part of my PhD, I've been compiling a list of value-based agree-
ments across the EU, USA and some other countries. The USA is far ahead
of the others, with just under a hundred value-based agreements having
been published to date. Most of these are for medicines — there are just
a few for devices. Some of the medicines are transformative, as cell and
gene therapies can be, but others are for everyday symptom management
in chronic diseases like diabetes, heart disease, etc. When you realize that
for every value-based agreement in the public domain, there are at least 7
or 8 ‘unpublished’, so to speak, you can see just how prevalent they have

already become.

N

Regarding the next steps on this

“...where do you even begin that journey, I think what we're sceing

ﬂegoﬁaﬁOﬂ HC there’s no gI’OU ndlng’) in the US is it’s all about scalabil-
Anyone can come in at any price they

ity. At the moment, value-based

agreements are for individual drugs
)

like and just say, ‘let’s start here’. and contracts. What payer organi-

/) zations and manufacturers are now

864

N\

saying is, ‘how do I do this across
numerous contracts/drugs?” That trend will see pharma and biotech com-
panies begin to place their revenues at greater risk. It’s going to mean quite
a change in the whole way drug pricing occurs moving forward.

At the moment, biopharma is trying to hold on to very high list pric-
es. This leads to value-based agreements being used to pay for outcomes
rather than the product or process itself. And that means companies are
going to increasingly be putting more of their stock at risk. Under a val-

ue-based agreement, companies might be putting 10 or 20% of their stock
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at risk — something they have never had to do before. That’s clearly going
to change the way that investor relations happens for these companies, how
they perform on the public markets, etc.

So there’s going to be a multitude of dimensions to it, but right now
and in the near future, it’s about scalability. Data platforms represent a
key component of this. Our research showed that a lot of the upfront cost
relates to how you collect the data — who collects it, and whether it is being
done in a sustainable way. Because with value-based agreements, there’s
often going to be monitoring of outcomes that we don’t normally track.
Who is going to pay for that administrative burden and then how do you

base reimbursement upon it?

One hears more and more about the growing
influence of the Institute for Clinical and Economic
Review (ICER). What is your view on how they go
about their product valuations?

OA: | have seen ICER come from a somewhat rocky start and
really grow in strength. I think this has happened because they’re the first
independent organization to provide some kind of grounding as to what a
fair and reasonable price for a novel drug might be. At the end of the day,
price is a negotiation — but where do you even begin that negotiation if
there’s no grounding? Anyone can come in at any price they like and just
say, ‘let’s start here’.

ICER has come along and essentially used NICE methodology — they’re
using the QALY, for instance (which I must point out, a lot of people don’t
necessary buy into). ICER is the first organization that’s in tune with pay-
ers, is making independent drug assessments, and is providing a grounding
in terms of what’s a reasonable ballpark for price. And they’re gaining cred-
ibility and significant influence, I would say. Payers are referencing them
every day in their P& T committees and in their coverage decisions.

As T've already mentioned, the thresholds in the USA are still much
higher than in the UK, for instance, but the principle remains the same -
it’s about having a starting point and a limit to your discussions. I think it’s

well needed — in the USA in particular.
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MARKET & PATIENT ACCESS

INTERVIEW

Market access in the era of
personalized cell & gene therapy

EDWARD ABRAHAMS, Ph.D., is the President of PMC. Representing
innovators, scientists, patients, providers and payers, PMC promotes the un-
derstanding and adoption of personalized medicine concepts, services and
products for the benefit of patients and the health system. It has grown from
its original 18 founding members in 2004 to more than 200 today.

Previously, Dr. Abrahams was the Executive Director of the Pennsylvania
Biotechnology Association, where he spearheaded the successful effort that
led to the Commonwealth of Pennsylvania’s investment of $200 million to
commercialize biotechnology in the state. Earlier, he had been Assistant Vice
President for Federal Relations at the University of Pennsylvania and held a
senior administrative position at Brown University.

Dr. Abrahams worked for seven years for the U.S. Congress, including as
a legislative assistant to Senator Lloyd Bentsen, as an economist for the
Joint Economic Committee under the chairmanship of Representative Lee
Hamilton, and as a AAAS Congressional Fellow for Representative Edward
J. Markey.
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Q Can you give us a brief history of the Personalized
Medicine Coalition and describe how and why it
became involved in the cell and gene therapy field?

EA: The Personalized Medicine Coalition was founded at the
end of 2004, based on the assumption that science alone wasn't
going to lead to the breakthroughs in personalized medicine that
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would benefit patients and the healthcare system - that we need-
ed to address issues in the space between the science and the

patient. We focus on regulation, reimbursement, education and efforts to

“The future is going to be one
of targeted therapies and... ultra-
personalized therapy...”

972

N

facilitate clinical adoption. The Coalition was therefore put together as a
multi-stakeholder group that would address those concerns.

New developments in cell and gene therapy may be less than a decade
old, but we recognize this as a new chapter in medicine that is truly per-
sonalized, whereby therapies are actually targeted to individuals through
the re-engineering of their own cells and tissues. However, this move to a
more personalized approach doesn’t change the issues we are seeing about
translation into clinical care. In fact, they’re even more important because
we're dealing with more complex technical, regulatory and reimbursement

issues.

Can you go a bit deeper on your current specific
activities that relate to the cell and gene therapy field
- what are the PMC'’s goals for these activities?

EA: The main goal we have at the moment, especially in light
of the high prices of the two CART therapies that are on the mar-
ket, is to get the system to focus on the question of value rather
than price. That will further encourage investment in the field and make
it possible for the healthcare system to adopt these therapies once they
are proven to be effective. We want to make sure that the system does not
back away from deriving what could be a new definition of value based
on these therapies — value based upon actually curing cancer for the first

time.

What do you see as the chief obstacles that need
to be overcome in order for patient-specific cell
and gene therapy products to reach a large patient
population?

EA: The first challenge is technical - simply making it work. It’s

not a trivial exercise to take tissue from a patient, re-engineer it, reinsert
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it, and make it provide a sufficient immunotherapeutic effect. Immuno-
therapeutic ability has been shown to work, but we've got a long way to go
before many of the 1,000 or so new drugs in the clinic make it to patients
on a commercial basis.

The second issue is how we regulate the field — how the FDA deals with
the approval process.

The third issue is working out how we pay for these therapies.

And the fourth is training systems to help the actual adoption and im-
plementation of these brand new technologies.

Bearing all of these things in mind, we have a real challenge to get it right

based upon the new science and technology.

In terms of market access challenges facing the space,
what do you feel are the necessary steps towards
delivering pricing and reimbursement models that
are fit for purpose for such novel product types?

EA: We need to understand what the extension of life - if not
the actual curing of the cancer - will mean to patients, so that the
high price is not considered an obstacle to development of these
therapies. However, I think right now it is a barrier. This is because we're
used to paying pennies for daily pills, not several hundred thousand dollars
for one-time treatments that have lasting benefits. We need to re-educate
or reconfigure the system to appreciate the issue of value and consider price
in that context.

The optimal solution is that both public and private sector payers around
the world recognize they’re going to pay one way or another, and that it’s
better to get high value even if it incurs a large up-front cost. Then it’s going
to be incumbent on the companies developing these drugs, either individu-
ally or collectively, to demonstrate that value to the payers.

Right now, we know that hospitals like Brigham and Women’s are pro-
viding CAR T cell therapies at a loss to themselves, but they’re doing it
anyway because they want to stay ahead of the curve and offer the best

possible therapies to their patients. Nevertheless, that can't go on forever.

What is your vision for the future of cancer therapy
and cancer healthcare in general?

EA: The future has been clear for a while. We know that almost

all therapies in clinical trials in cancer are targeted — that is to say, theyre
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directed at sub-populations of patients — because firstly, that’s what the
FDA wants, and secondly, that’s what works.

Pharmaceutical companies now understand that even if they develop
products for small populations, they can still make a lot of money. The
future is going to be one of targeted therapies and in addition to that, ul-

tra-personalized therapy in the form of CART and other immunotherapies.

What's next on the agenda for the Personalized
Medicine Coalition?

EA: There’s a lot on our agenda. We are discussing what the up-to-
date science is telling us, what the obstacles to translation are and if we are
ready for what many people are calling a tidal wave of progress in immu-
notherapy. Our next conference, where we will discuss some of these issues
and how we're going to deal with them, is scheduled for this November 13
and 14 at Harvard Medical School. The conference will feature some key

thought leaders discussing these topics.

AFFILIATION @ @@@ This work is licensed under

Ed Abrahams a Creative Commons Attri-
President, bution — NonCommercial — NoDerivatives 4.0
Personalized Medicine Coalition Tnternational License
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Commercial insight:
cell and gene therapy

Providing a critical overview of the sector’'s commercial developments - M&As, licensing agreements &
collaborations, financial results, IPOs and clinical/regulatory updates, with commentary from our Expert
Contributors.

® CELL THERAPY
. Mark Curtis. Financial Portfolio Manager, Emerging Technologies,
Lonza AG, Switzerland

PACT Pharma has started enrollment for a Phase 1 study investigating an autologous T-cell immunother-
apy that will target patient-specific neoantigens. While we have made headway in the use of cell-based
immunotherapies for blood cancers, there remains significant room for development of cell therapies
that are able to eradicate solid tumors. PACT Pharma, and Neon Therapeutics, another biotech taking a
personalized neoantigen approach for solid tumor applications, believe the key to solid tumor destruc-
tion is personalization of therapies at the level of each patient’s unique tumor fingerprint. PACT recently
announced data that validates their approach can be successfully deployed to identify patient-specific
cancer mutation targets and generate T cells that are capable of targeting and eradicating cancer cells. It's
early days for tailored, bioinformatics-driven technologies for oncology application but they hold great
promise.

GENE THERAPY
Richard Philipson. Chief Medical Officer, Trizell Ltd, UK

Retinal degenerative diseases continue to be the focus of much attention in the biotech sector, with
three groups releasing positive news this month. Children’s Hospital Los Angeles has used Spark Thera-
peutics’ voretigene neparvovec (Luxterna) to treat nine children with RPE65 mutations, with encouraging
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improvements in vision; GenSight Biologics has completed enrolment into its Phase 3 trial for Leber
Hereditary Optic Neuropathy ahead of schedule; and IVERIC bio has advanced its pipeline of treatments
for LCA10 and Usher syndrome. Batten disease, a rare group of nervous system disorders called neuronal
ceroid lipofuscinosis, also receives some attention, with positive news from Amicus Therapeutics’' Phase
1/ 2 study in the CLN6 variant, and the announcement from Neurogene that it plans to initiate a natural
history study in the CLN7 and CLN5 late infantile variants of the disease. Elsewhere, the announcement
that Dicerna has received Breakthrough Therapy Designation for its RNAi-based therapy for the treat-
ment of Primary Hyperoxaluria Type 1 (PH1), recognises the importance of the treatment and builds on
the recent release of positive urinary oxalate data from the company’s clinical trial program.
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PATIENTS

Amicus Therapeutics provides early
update on its Phase 1/2 gene thera-
py trial developed to treat patients
with CLNG6 Batten disease, an in-
herited childhood neurodegenera-
tive disorder.

Batten disease (also known as
Neuronal Ceroid Lipofuscinoses,
NCL) is a group of severe, inherited
childhood neurodegenerative disor-
ders caused by mutations in either
soluble enzymes or membrane-asso-
ciated structural proteins that result
in lysosome dysfunction.

Over 400 mutations in 13 dif-
ferent genes have been described
that cause the various forms of Bat-
ten disease and they are the most
common cause of inherited neu-
rodegeneration in children. The
current trial targets Batten disease
caused by mutation in the CLNG
gene.

The hallmarks of the disease
include accumulation of lyso-
somal residual bodies in neurons
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AMICUS’ GENE THERAPY TRIAL
OFFERS HOPE FOR BATTEN DISEASE

and extracerebral tissue and loss
of neurons. These diseases share
common pathological character-
istics including motor problems,
vision loss, seizures, and cognitive
decline, culminating in premature
death. Currently, no form of the
disease can be treated or cured,
with only palliative care to mini-
mize discomfort.

Amicus gene therapy program
is licensed from the Abigail Wex-
ner Research Institute (AWRI)
at Nationwide Children’s Hospi-
tal. Interim efficacy data obtained
from the first eight children with
CLNG Batten disease treated with
one-time AAV-CLNG gene thera-
py showed meaningful impact on
motor and language function. The
treated children were evaluated for
up to 24 months post-administra-
tion of the gene therapy. The Ham-
burg Motor & Language Score,
an assessment of ambulation and
speech, was used to evaluate the




changes in motor activity and lan-
guage in patients over the course of
recovery. Data showed that the gene
therapy rendered a positive impact
on motor and language function
and the disease was stabilized over
the course of 2 years.

Treatment with AAV-CLNG6 gene
therapy was generally well tolerated.
The study lacked control groups;
therefore, Amicus compared the re-
sults with the performance of the
siblings of patients treated in the tri-
al. For example, one of the patients
scored five out of six on the Ham-
burg Motor & Language scale at the
time of treatment and was still at that
level 24 months later. In contrast,
the score of the sibling of that patient
reduced from five to two over the
same 24-month window. The Ham-
burg Motor & Language Score (0-06)
separately measures performance of
mobility (0-3) and speech (0-3).
For each domain, a 3 represents the
child’s normal function and a 0 rep-
resents no ability to walk or speak,
with each point decline representing
significant impairment.

Amicus is hopeful with the re-
sults and intends to dose additional

COMMERCIAL INSIGHT: JUL 2019

patients and advance talks with
regulators. In parallel, Amicus will
continue development of its other
gene therapies, that target CLN3,
CLN8 and CLN1 Batten disease.

Amicus’ Chairman and CEO
John E Crowley commented:

“These interim clinical data sug-
gest that our gene therapy in CLNé
Batten disease has the potential to
halt the progression of this devas-
tating fatal disease that untreat-
ed destroys brain function and Kkills
children. It is remarkable that most
children in this study appear to show
stabilization, particularly the younger
children who were able to maintain
high baseline motor and language
scores for up to two years. We look
forward to presenting additional
data throughout this year and con-
tinuing to advance our CLN6 and
other Batten disease gene therapy
programs that all apply the same
AAV technology platform developed
by Dr. Brian Kaspar and his former
colleagues at Nationwide Children’s.
Early intervention is crucial, so we
move forward with a great sense of
urgency here for these children and
their families.”

EXPERT
PICK

An interim analysis of data from Amicus Therapeutics’ Batten
disease Phase 1/ 2 study shows promising signs of efficacy
in patients with the CLNé6 variant of the disease. The AAV9-
based treatment, carrying the gene for CLN6, is administered
as a single, one-off dose by intrathecal catheter into the

sub-arachnoid space of the lumbar thecal sac. Batten disease is an inherited lysosomal stor-
age disease that is typically diagnosed at around 4-5 years of age and which is usually fatal
by the age of 10. There are more than a dozen sub-types, of which only one has an approved
treatment - BioMarin’s cerliponase alfa for the CLN2 variant. Amicus estimates that there
are approximately 1000 patients with the CLNé variant worldwide who could be helped by
the treatment, which has the potential to at least stabilize the disease, as measured by a
six-point score that gauges mobility and speech ability. The next update from the study is
expected at the Child Neurology Society’s annual meeting in October, which will undoubt-
edly be anticipated with great interest. -Richard Philipson
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The US FDA has accepted Cel-
yad’s Investigational New Drug
(IND) application for the autolo-
gous NKG2D based CAR-T cell
therapy, CYAD-02. The news is

exciting for Horizon Discovery as

TRIAL

Celyad will be deploying Horizon’s
optimized SMARTvector™ shRNA
technology.

Horizon is a biopharmaceutical
company providing gene editing
and gene modulation platforms for
the global life science market. Ce-
lyad entered into exclusive license
agreement with Horizon Discov-
ery in October 2018 for the use
of its shRNA technology for NK-
G2D-based CAR-T cell therapy.

The Phase 1 trial is scheduled
to begin in early 2020 and it will
be the first CAR-T cell therapy to
employ the SMARTvector plat-
form. It will evaluate the safety
and clinical efficacy of CYAD-02
in patients with relapse/refractory
acute myeloid leukemia (AML) or

HORIZON’S SHRNA TECHNOLOGY TO
BE USED IN CELYAD’S CAR-T CLINICAL

myelodysplastic syndromes (MDS).
Horizon will receive an undisclosed
milestone payment for the success-
ful IND filing.

Celyad has been investigating the
use of shRNAs to support the clin-
ical development of its CAR-T cell
platform. The FDA approved IND
application involves CYAD-02, a
next generation CAR-T cell ther-
apy in which shRNA is employed
to suppress two genes. Celyad has
pre-clinical data indicating that this
improves in vivo engraftment and
efficacy of CYAD-02.

Terry Pizzie, Horizon Discovery’s
CEO commented:

“We see great potential for shR-
NA technology in the optimization
of next-generation cell therapies. The
success of this IND filing is testament
to the strength of our relationship
with Celyad, and the powerful com-
bination of Horizon's SMARTvector
ShRNA platform with Celyad’s CAR-T
expertise.”

® FDA PLACES CLINICAL HOLD ON

®

FDA has placed clinical hold on
Unum Therapeutics’ cell therapy
trial a second time after a patient
experienced serious adverse event
including neurotoxicity and respira-
tory distress.

The Phase 1 trial (ATTCK-20-2)
is evaluating an engineered cell
therapy, ACTRO087 in combina-
tion with rituximab in patients
with relapsed/refractory CD20*
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B cell non-Hodgkin lymphoma
(r/r NHL).

ACTRO087 is an autologous T
cell therapy designed to bind to
cancer cells and then orchestrate
their destruction via mechanisms
including the release of cytokines
and recruitment of immune-medi-
ated killer cells.

The clinical hold was initiated af-
ter Unum submitted a safety report




to FDA about a patient in its safety
expansion cohort of the trial who
recently experienced serious ad-
verse events that included grade 3
neurotoxicity and cytomegalovirus
infection, and grade 4 respiratory
distress.

This is the second time Unum is
halting the trial because of safety is-
sues. Earlier, one patient had died
after suffering neurotoxicity related
to ACTRO87 and two other pa-
tients suffered cytokine release syn-
drome. The trial was later restarted
after the FDA accepted the protocol
and dosing amendments.

Patients receiving the combina-
tion therapy receive doses of lym-
phodepleting chemotherapy with
fludarabine and cyclophosphamide
beforechand to make the tumor
more vulnerable to the treatment.

Unum Therapeutics uses T-cell
technology to develop cellular im-
munotherapies for treating cancers.
ACTRO087 is no longer Unum’s
lead product candidate as it had
announced last year that it was de-
prioritizing ACTRO87 in order to
advance its new ACTR construct,
ACTR707. Unum had stopped

enrolling patients in the Phase 1
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ATTCK-20-2 trial with ACTR087
earlier this year.

FDA has agreed that patients
who previously received ACTR087
and have ongoing clinical responses
may continue to receive rituximab
infusions, with continued monitor-
ing for adverse events. Unum will
continue to work closely with the
FDA to further review these events.

Unum has four ongoing clinical
programs currently in Phase 1 clin-
ical testing, including ACTR707
used in combination with ritux-
imab in adult patients with r/r
NHL; ACTRO087 used in combi-
nation with Seattle Genetics' novel
antibody SEA-BCMA in r/r multi-
ple myeloma; and ACTR707 used
in combination with trastuzumab
in adult patients with HER2* ad-
vanced cancer.

Unum share fell by nearly 20%
in after-hours trading following the
news. While ACTRO087 is no longer
Unum’s lead lymphoma drug, the
safety of the asset could still have
implications for the company and
the adverse events could widely im-
pact the technology, drawing more
scrutiny to the effects of engineered
human immune cells.

Sangamo  Therapeutics together
with its collaborator Pfizer has an-
nounced encouraging interim re-
sults from its ongoing Phase 1/2
study evaluating an AAV-based gene
therapy approach to treat severe he-
mophilia A.

Data presented at the XXVII
Congress of the International Soci-
ety on Thrombosis and Haemostasis

SANGAMO'’S GENE THERAPY HOLDS
PROMISE IN TREATING HEMOPHILIA A

(ISTH), in Melbourne, Australia re-
ported encouraging results of San-
gamo’s Phase 1/2 Alta gene therapy
trial.

The Alta study of SB-525 is de-
signed to evaluate the safety and
kinetics of a single intravenous in-
fusion of SB-525 in hemophilia A
patients. SB-525 is a recombinant
adeno-associated virus vector 6
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(AAV6) encoding the complemen-
tary deoxyribonucleic acid for B do-
main deleted human FVIII.

The study evaluated ten patients
across four ascending dosage co-
horts; two patients in the first three
cohorts and four patients in the
highest dose (3e13 vg/kg) cohort.
Patients demonstrated a dose-de-
pendent increase in FVIII levels
and dose-dependent decrease in the
use of FVIII replacement therapy.
Patients in the highest dose cohort
achieved normal FVIII levels start-
ing at 5-7 weeks following the ther-
apy. The treatment was generally
well tolerated.

Two patients in the 3el3 vg/
kg cohort continue to have nor-
mal FVIII levels through 24 and
19 weeks of follow-up. The next
two patients in this cohort are at 7
and 4 weeks of follow-up and have
demonstrated FVIII activity kinet-
ics similar to that of the previous
patients in the same cohort.

Sangamo entered into a global
collaboration and license agreement

with Pfizer in 2017 for the SB-525
program. Later the collaboration
was also extended to developing
gene therapies for amyotrophic lat-
eral sclerosis and frontotemporal
lobar degeneration using Sangamo’s
proprietary zinc finger protein tran-
scription-factor technology.

SB-525 received FDAs Orphan
Drug and Fast Track designations
and EMAs Orphan Medicinal
Product designation. FDA has also
recently granted regenerative med-
icine advanced therapy (RMAT)
designation for SB-525 gene ther-
apy to treat severe hemophilia A.
RMAT designation will allow the
company to interact with FDA
more frequently.

Sangamo intends to dose a fifth
patient in the 3el3 vg/kg cohort.
Sangamo and Pfizer are working on
plans to advance SB-525 to a reg-
istrational study. Pfizer will hold
responsibility for late-stage devel-
opment and manufacturing of the
therapy, transfer of which from San-
gamo to Pfizer has been initiated.

® VACCINATION TRIGGERS
ENGINEERED CAR-T CELLS TO ATTACK

" SOLID TUMORS

CAR-T cell therapies have emerged
as a potent tool for hematologic
malignancies and several clinical
studies have shown its potential in
refractory or relapsed B-cell malig-
nancies. However, the full poten-
tial of CAR-T cell therapy in solid
tumors is limited partly due to the
difficulty in targeting functional
engineered T cells to the tumor site.

In a recent study published in
Science, Professor Darrell Irvine and
team at Massachusetts Institute of
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Technology sought to address this
concern using therapeutic cancer
vaccines. These vaccines are de-
signed to direct one’s own immune
cells to attack cancer cells. The team
designed a vaccine strategy to im-
prove the efhicacy of CAR-T cells
by restimulating the CAR directly
within the native lymph node mi-
croenvironment. Injected ‘amph-li-
gand’ vaccines promoted synthetic
antigen presentation and led to
CAR-T cell activation, expansion,




and increased tumor killing. The
system could potentially be applied
to boost any CAR-T cell.

Dr Irvine commented:

“Our hypothesis was that if you
boosted those T cells through their
CAR receptor in the lymph node, they
would receive the right set of priming
cues to make them more functional
so they'd be resistant to shutdown
and would still function when they
got into the tumor.”

To build the new vaccine, the
team used an antigen that stimu-
lates the CAR-T cells. The antigen
could be either the same tumor an-
tigen to be targeted by the T cells,
or a random molecule that the re-
searchers selected.

Results showed that the vac-
cines dramatically boosted CAR-T
cell populations in mice. Mice
given about 50,000 CAR-T cells
without vaccine showed nearly no
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CAR-T cells in the bloodstream.
But CAR-T cells comprised up to
65% of the animals’ total T-cell
population in animals that got the
vaccine.

The combination treatment erad-
icated tumors including glioblasto-
ma, breast and melanoma in 60%
of mice, while CAR-T treatments
alone produced no effect on those
tumors. Next, the team re-chal-
lenged the mice that achieved tu-
mor clearance with tumor cells. All
tumor cells: tumor cells that were
identical to the original ones and
those that were slightly different,
disappeared.

Findings from the study clearly
demonstrate the clinical benefit of
using a vaccine containing an anti-
gen that stimulates CAR-T cells in
lymph nodes, together with CAR-T
therapy in treating difficult-to-treat
solid tumors.

EXPERT
PICK

address the issue of persistence a group of researchers at MIT have developed a vaccine
approach, targeted to the lymph node, an organ compartment that shelters T cells, in order
to augment T-cell persistence. By administering either the protein that is targeted by the T
cells, or a random protein, researchers showed that T cells persisted for longer in vivo and
eradicated a variety of tumors. Elicio Therapeutics has a license to the technology and will
bring it into the clinic. This is a great example of the combinatorial approaches we will need
to take to eradicate solid tumors. -Mark Curtis

NOVEL TECHNOLOGY FOR ENHANCING THE
EFFICACY OF CAR-T DRUG PRODUCT

Many patient’s will go into relapse following a dose of CAR-T
cells but will see their cancer relapse due to limited per-
sistence of T cells or through antigen loss in tumor cells. To

THERAPY

Surgeons at the Children’s Hospital
Los Angeles (CHOL) have treated 14
patients with retinal degeneration us-
ing Spark Therapeutics’ Luxturna™,
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14 PATIENTS TREATED WITH SPARK’S
VISION RESTORING RPE65 GENE

the first FDA-approved gene therapy

for a genetic condition in the USA.
Spark obtained marketing ap-

proval for LUXTURNA™ from the
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US FDA in December 2017 for
treating children and adults with a
defective RPEGS gene.

RPEG65-mediated inherited reti-
nal dystrophy is an inherited retinal
disease (IRD) which progresses to
complete blindness. Between 1,000
and 2,000 people in the USA is esti-
mated to have vision loss due to bi-
allelic RPEG5 mutations. The gene
therapy uses adeno-associated virus
vector to deliver RPEG5 gene to the
affected patients.

CHLA is one of the seven hospi-
tals approved nationwide to deliver
the therapy and it has two full-time
pediatric retinal surgeons on site,
Drs Aaron Nagiel and Thomas C
Lee. Genetic testing to verify the
gene mutation and identify biallelic
RPEG5 mutations is a pre-requisite
before the procedure and CHLA's
laboratory is certified to do the
same.

The first patient who underwent
the surgery on March 20th was an

adult who suffered from Leber con-
genital amaurosis (LCA). Recently
CHLA performed the procedure on
nine children, as young as age three,
and a handful of adults. While re-
sults have been less dramatic with
adult patients — the inherited dis-
ease manifests itself early in child-
hood and gets worse over time,
leading to total blindness — eye-
sight improvement is largely contin-
gent on how far the condition has
advanced.

Dr Nagiel commented:

“We have found that using gene
therapy to treat this condition can be
life-changing for children under the
age of 10. While they are not going to
have normal vision, we can improve it
to a degree that they can do activities
they couldn’t do before, like playing
outside at night. They gain great-
er visual clarity of edges on objects,
so they can draw and enjoy picture
books, and play with toys like puzzles
and Legos.”

Dicerna, a pharmaceutical compa-
ny developing RNAi-based thera-
pies, has announced that the FDA
has granted Breakthrough Therapy
Designation for its investigational
RNAI candidate, DCR-PHXC, for
treating patients with primary hy-
peroxaluria type 1 (PHI).

PH1 is an inborn error of metab-
olism and is a rare genetic disease
characterized by excessive oxalate
accumulation in plasma and urine,
resulting in calcium oxalate crys-
tal formation and deposition in
the kidney and many other tissues.
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DICERNA'S RNAI CANDIDATE
RECEIVES FDA'S BREAKTHROUGH
THERAPY DESIGNATION

Oxalate is a natural chemical in the
body that is normally eliminated as
waste through the kidneys. In pa-
tients with PH, the kidneys are un-
able to eliminate the large amount
of oxalate that is produced. The
condition arises from murtations
in the enzyme alanine-glyoxylate
aminotransferase.

DCR-PHXC is being evaluated
currently in the PHYOX™ clinical
trial program. FDA’s Breakthrough
Therapy designation is a process
designed to accelerate the develop-
ment and review of drugs that are




intended to treat a serious condition.
The present Breakthrough Therapy
Designation is based on preliminary
results from the PHYOXI1 Phase 1
trial of DCR-PHXC and preclin-
ical results obtained from animal
models of PH. Phase 1 trial results
showed that a single dose of DCR-
PHXC led to normalization or
near-normalization of urinary oxa-
late levels in most patients and was
generally well-tolerated.

In animal models, DCR-PHXC
selectively silences lactate dehydro-
genase A enzyme, or LDHA, in the
liver, blocking the excess production
of oxalate. The compound was well
tolerated with no adverse effects in
the liver.

DCR-PHXC uses Dicerna’s
GalXC™ technology which is a
proprietary platform developed by
Dicerna scientists to discover and
develop next-generation RNAI-
based therapies designed to silence
disease-driving genes in the liver.
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FDA also recognized its deter-
mination that PH type 2 and PH
type 3 meet the criteria for a serious
or life-threatening disease or con-
dition, based on the Agency’s stan-
dards. The company will continue
its ongoing dialogue with the FDA
regarding endpoints for studies of
DCR-PHXC in patients with PH2
and PH3, as part of the PHYOX™
clinical development program.

Dr Ralf Rosskamp, Dicerna’s
CMO, commented:

“By granting Breakthrough Ther-
apy Designation, the FDA recogniz-
es both the urgent need to develop
a therapy for primary hyperoxaluria
type 1 and the encouraging prelimi-
nary data from the PHYOX1 clinical
trial of DCR-PHXC in these patients.
We look forward to continuing our di-
alogue with the FDA as we advance
DCR-PHXC as quickly as possible
as a potential therapeutic option
for all persons living with primary
hyperoxaluria.”

® KITE PLANS TO EXPAND CELL
° THERAPY MANUFACTURING

CAPABILITIES

Kite, a Gilead company, has an-
nounced its plans to start a new
manufacturing facility in Oceans-
ide, California, to develop and
manufacture viral vectors, a critical
starting material in the production
of its cell therapies.

The new 67,000-square-foot facil-
ity builds on Kite’s existing state-of-
the-art manufacturing capabilities to
deliver innovative cell therapies for
people with cancer, including Yes-
carta’ (axicabtagene ciloleucel), Kite’s
first commercially available CAR-T
cell therapy, and investigational

T-cell receptor and tumor neoan-
tigen targeting cell therapies being
evaluated in solid tumors.

By pursuing its own viral vector
facility, Kite intends to advance vi-
ral vector development and supply
to allow for accelerated process de-
velopment of current CAR-T and
future pipeline therapies, while
continuing to partner with external
suppliers.

Kite’s facility will be constructed
within an existing Gilead biologics
operations facility in Oceanside and
will become part of Kite’s growing
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commercial manufacturing net-
work that includes sites in Califor-
nia, Maryland and the Netherlands.

Tim Moore, Executive Vice Pres-
ident of Technical Operations at
Kite, commented:

“The new viral vector facility in
Oceanside is an example of our con-
tinued investment in achieving tech-
nical advances that will help meet the

needs of people living with cancer to-
day and in the future.”

The clinical-stage  biotechnolo-
gy company AVROBIO has an-
nounced the first kidney biopsy re-

DISEASE

sult and additional interim clinical
data from two of its ongoing gene
therapy clinical trials for Fabry dis-
ease. To date, eight patients have
been dosed in the trials — three pa-
tients in the Phase 2 FAB-201 tri-
al and five patients in the Phase 1
FACTs trial.

Data obtained from the patients
shows positive outcome and favors
the therapeutic potential of lentivi-
ral-mediated gene therapy in treat-
ing this rare disease.

Fabry disease is an X-linked, rare
lysosomal storage disorder caused
by a deficiency of alpha-galactosi-
dase A enzyme with the progressive
accumulation of globotriaosylcer-
amide in vascular endothelial cells.

In AVROBIO’s lentivirus-me-
diated gene therapy trials of AVR-
RD-01 (an investigator-sponsored
Phase 1 study and the AVRO-
BIO-sponsored Phase 2 trial), pa-
tient’s stem cells are extracted and
genetically modified by adding a
functional copy of the GLA gene
coding for alpha-galactosidase A.
The modified cells are then infused
back into the patient via a one-time
procedure. The procedure expects
to achieve a sustained increase in
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AVROBIO’S GENE THERAPY HOLDS
POTENTIAL IN TREATING FABRY

the enzyme, with the potential to
significantly improve patient out-
comes and eliminate costly lifetime
biweekly intravenous infusions of
enzyme replacement therapy (ERT).

The investigator-sponsored Phase
1 study evaluates the safety of AVR-
RD-01 in Fabry disease patients
who have been treated with standard
of care ERT for at least 6 months
prior to receiving the gene therapy.
The company-sponsored Phase 2
trial is an open-label, single-arm
clinical trial evaluating the efficacy
and safety of gene therapy in eight
to twelve patients who have never
received ERT (treatment-naive).

The primary efficacy endpoint
for the Phase 2 FAB-201 trial is
the change from baseline in the
average number of Gb3 inclusions
per peritubular capillary (PTC) as
measured in a kidney biopsy 1-year
post-treatment with AVR-RD-01.
Gb3, or globotriaosylceramide, is a
substrate (or fat) that accumulates
in the cells of Fabry patients and can
result in damage to multiple organs
including the kidneys and heart.
Data showed an 87% reduction in
average number of Gb3 inclusions
in first kidney biopsy taken 1-year
post-treatment.

The FAB-201 and Phase 1 clini-
cal trials are examining a number of




secondary efficacy and other end-
points, including biomarkers, such
as measurements in the plasma of
Gb3 and lyso-Gb3 (the toxic metab-
olite of Gb3), AGA enzyme activ-
ity levels in leukocytes and plasma,
vector copy number (VCN), as well
as indicators of kidney and cardiac
function. Data showed that plasma
lyso-Gb3 consistently reduced 33 to
41% below baseline ERT levels in
the first four Phase 1 patients. Du-
rability observed across multiple bio-
markers, sustained at more than two
years for the first Phase 1 patient.
The treatment was generally well tol-
erated and no SAEs related to AVR-
RD-01 drug product were reported.
Dr Birgitte Volck, AVROBIO’s
President of R&D, commented:

ONESTO
WATCH

Philipson
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“We are excited by the magnitude
of the Gb3 reduction observed in the
first patient’s kidney biopsy at 12
months. This is the primary efficacy
endpoint in FAB-201 and an efficacy
endpoint that has previously been uti-
lized by the FDA in evaluating and ap-
proving treatment for Fabry disease.
Our prior data readouts have shown
AVR-RD-01 is associated with reduc-
tions of Gb3 and lyso-Gb3 levels in
the plasma, and today’s data further
support its potential to reduce Gb3
levels in tissue, including in the kidney.
We believe the 87% Gb3 clearance in
the kidney biopsy may be considered
clinically relevant since Gb3 accumu-
lation in organs of Fabry patients is
associated with significant morbidity
and early mortality.”

AVROBIQO’s gene therapy for Fabry disease has demonstrat-
ed promising reductions in the key substrate of the disease -
globotriaosylceramide, or Gb3 - in kidney biopsies, and also
in lyso-Gb3 - the toxic metabolite of Gb3 - in plasma. Fabry
disease, an X-linked condition caused by a deficiency in the en-
zyme alpha galactosidase which leads to accumulation of Gb3,
manifests from childhood onwards with gastrointestinal pain, chronic kidney disease, cardio-
myopathy, neuropathy and skin changes. The enzyme replacement therapies (ERT) Replagal
(Shire) and Fabrazyme (Genzyme) remain the mainstays of treatment, now joined by Amicus’s
chaperone therapy Galafold (miglustat). AVROBIO’s treatment may offer a more permanent
“cure” - two patients in the Phase 1 trial were able to discontinue ERT; however, the treat-
ment is not to be undertaken lightly, requiring stem cell mobilization, apheresis and partial
myeloablation, prior to infusion of the lentivirus-based AVR-RD-01 (transduced autologous
CD34" cell-enriched fraction). Longer term questions such as durability of benefit and risk of
insertional mutagenesis remain open, but the early data certainly look encouraging. - Richard

.0 TUMORS

PACT Pharma, a startup company
focusing on developing personalized

PACT PHARMA TO TARGET CANCER
NEO-ANTIGENS TO ERADICATE SOLID

cancers, has presented new data
at a conference conducted by the

adoptive cell therapy for treating American Association for Cancer
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Research (AACR). The strategy is
expected to provide the solution to
treat solid tumors using customized
adoptive cell therapy.

Cancers originate from primary
tumors and the genomic mutations
that initiate cancer growth and de-
velopment expand in number and
diversify over time to create a wide
spectrum of cancer mutations called
neo-antigens. These neo-antigens
are unique to each cancer patient
and are absent from healthy cells of
the same person.

PACT Pharma intends to ad-
dress cancer by specifically targeting
these neo-antigens. The company
is working with researchers at the
University of California, Los Ange-
les (UCLA) to solve this problem.

The company’s approach entails
defining specific cancer mutations
in each individual patient and then
manufacturing an  immune-cell
therapy that targets abnormal pro-
teins, or ‘neoantigens,” produced by
genes with those mutations.

The company has launched a
Phase 1 study of the approach in
patients with solid tumors. The
procedure starts by using bioin-
formatics technology to identify

the ‘mutation blueprint of each
patient’s tumor. Then the T cells
in the blood of the patient will be
captured. These T cells will have
the ability to recognize and target
the new mutations.

Researchers will then identi-
fy mutation-targeted T-cell recep-
tors and use gene editing to attach
them to T cells from the patients.
The resulting product, called NeoT-
CR-P1, will be infused back into
the patients. The company hopes to
show in clinical trials that the engi-
neered T cells will eliminate tumors
that express the mutations they
were designed to target.

Data presented at the AACR
meeting showed that Pact’s tech-
nology could identify mutations in
melanoma samples from two pa-
tients who had two different kinds
of neo-antigens. Then they made T
cells specific to those mutations and
showed they could use them to kill
melanoma cells from the patients.

PACT aims to enroll 148 pa-
tients in its phase 1 trial of NeoT-
CR-P1, which it plans to study
both as a solo treatment and as a
combination with the anti-PD-1

drug Opdivo.

Paris-based clinical-stage biotech-
nology company has announced
that it has completed enrolling
patients in REFLECT, a Phase 3
clinical trial of GS010 for treating
Leber Hereditary Optic Neuropa-
thy (LHON). The trial is progress-
ing ahead of schedule. Enrolling the
target number of 90 subjects was
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GENSIGHT BIOLOGICS COMPLETES
ENROLLING PATIENTS IN ITS RETINAL
GENE THERAPY PROGRAM

originally anticipated to be com-
pleted in September 2019; instead
the 98th subject enrolled in the trial
was treated on July 2.

LHON is a rare genetic disor-
der affecting the retinal ganglion
cells leading to vision loss with-
in weeks or months. It is caused

by G11778A mutation in the




mitochondrial ND4 gene. Gen-
Sight's GS010 uses a mitochondrial
targeting sequence proprietary tech-
nology platform which, when associ-
ated with the gene of interest, allows
the platform to specifically address
defects inside the mitochondria us-
ing an adeno-associated vector.

GenSight Biologics is develop-
ing gene therapies for retinal dis-
eases and diseases of the central
nervous system. REFLECT trial is
a multi-center, randomized, dou-
ble-masked, placebo-controlled
study designed to evaluate the safety
and efficacy of bilateral injections of
GS010 in patients with <1 year of
onset of vision loss in LHON.

The trial enrolled subjects across
multiple centers in the USA,

COMMERCIAL INSIGHT: JUL 2019

Europe and Taiwan. In the active
arm, GS010 was administered as a
single intravitreal injection to both
eyes of each subject. In the placebo
arm, GS010 was administered as a
single intravitreal injection to the
first affected eye, while the fellow
eye received a placebo injection.

The primary endpoint for the
REFLECT trial is the best corrected
visual acuity change from baseline
reported in LogMAR at 52 weeks
post-treatment in the second af-
fected/not yet affected eye. The first
subject was treated in March 2018;
topline week 52 results are expected
to be available in the third quarter
of 2020. GS010 has Orphan Drug
Designation both in the USA and
in Europe.

APIC BIO’S GENE THERAPY FOR ALS
RECEIVES FDA'S ORPHAN DRUG

R DESIGNATION

Apic Bio, a gene therapy company
developing novel treatment op-
tions for patients with rare genetic
diseases, has announced that the
FDA has granted orphan drug des-
ignation to APB-102, a gene ther-
apy soon to be in clinical develop-
ment for the treatment of genetic
SOD1 amyotrophic lateral sclero-
sis (ALS).

FDA provides orphan desig-
nation to novel drugs that are in-
tended for the treatment of rare
diseases (those affecting fewer than
200,000 people in the USA). The
designation provides sponsors with
development and commercial in-
centives including seven years of
market exclusivity in the USA, con-
sultation by FDA on clinical study
design, potential for expedited drug

development, and certain fee ex-
emptions and reductions.

The incidence of ALS is estimat-
ed to be 1.5 to 2.5 cases in 100,000
persons in the USA and in Europe,
or up to about 30,000 new cases
of ALS per year in those areas. It is
estimated that 10% of all cases are
thought to be inherited as a dom-
inant trait, or otherwise known
as Familial ALS (FALS.) Approx-
imately 15 to 20% of FALS cas-
es are caused by mutations in the
gene that produces the copper zinc
superoxide dismutase 1 (SODI)
enzyme, which leads to a progres-
sive degeneration of motor neurons
affecting movement and muscle
control.

Apic Bio is a spin-off from
the University of Massachusetts
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Medical School (UMMS) and is
based upon nearly 30 years of gene
therapy research by Apic’s scientific
founders. Apic is developing treat-
ment options for rare, devastating

neurological and liver diseases. Its
current pipeline focuses on new
and effective treatments for Alpha-1
Antitrypsin Deficiency (Alpha-1, or
AATD) and genetic ALS.

LICENSING AGREEMENTS

& COLLABORATIONS

IVERIC Bio has entered into an
exclusive global license agreement
with the University of Massachu-
setts Medical School to develop
and commercialize mutation inde-
pendent novel AAV gene therapy
product candidates for the treat-
ment of Leber Congenital Amauro-
sis type 10 (LCA10) due to muta-
tions to the CEP290 gene, the most
common type of LCA.

IVERIC bio’s collaboration
with UMass Medical School and
its Horae Gene Therapy Center,
utilizing the minigene therapy ap-
proach, has resulted in addition-
al research data that supports the
company’s plans to move the pro-
gram forward.

The company also announced
that it is expanding its gene ther-
apy portfolio by entering into
a sponsored research agreement
with UMass Medical School and
an exclusive option agreement for
rights to develop and commercial-
ize novel AAV gene therapy prod-
uct candidates utilizing a mutation
independent minigene therapy ap-

proach for the treatment of vision
loss in USH2A-related inherited
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IVERIC BIO PARTNERS WITH UMASS
MEDICAL SCHOOL

retinal diseases (IRDs). This is
a group of orphan IRDs that in-
cludes Usher syndrome type 2A
and USHZ2A-associated autosomal
recessive nonsyndromatic retinitis
pigmentosa.

Glenn P Sblendorio, CEO
and President of IVERIC bio,
commented:

“Moving our LCA10 program for-
ward and expanding our pipeline with
the addition of a minigene research
program for USH2Afurther validates
our commitment to develop innova-
tive and life changing gene therapies
for patients with orphan inherited
retinal diseases. We are very excited
about the progress of our collabora-
tion with world-renowned AAV gene
therapy scientists at UMass Medical
School, Hemant Khanna, PhD, and
Guangping Gao, PhD."

Minigene therapy is intended to
deliver smaller but functional por-
tion of the larger gene packaged into
a standard-size AAV delivery vector
commonly used in ocular gene ther-
apy. Research in this evolving area of
gene therapy is led by Drs Hemant
Khanna and Guangping Gao in the
Horae Gene Therapy Center.
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® PHARMACYTE & UTS COLLABORATE
° OVER MELLIGEN CELLS

PharmaCyte Biotech, a US-based
clinical-stage company specialized
in developing targeted treatments
for cancer and diabetes has an-
nounced that it has entered into a
new research agreement with the
University of Technology Sydney
(UTS) in Australia to create a new
version of Melligen cells for the
treatment of diabetes with the po-
tential to express higher levels of
insulin.

Melligen cells are human liver
cells that have been genetically engi-
neered to produce, store and release
insulin in response to the levels of
blood sugar in the body. Pharma-
Cyte has obtained the exclusive
worldwide license rights from UTS
to use these cells to develop a ther-
apy for Type 1 and insulin-depen-
dent Type 2 diabetes.

Under the new collaboration,
PharmaCyte plans to encapsu-
late Melligen cells using its Cell-
in-a-Box® technology to protect
the Melligen cells from immune
system attack in the body and
thus function as a ‘bioartificial
pancreas’ for purposes of insulin
production.

PharmaCyte Biotech’s Cell-in-
a-Box technology encloses genet-
ically modified living cells in pin-
head-sized, porous capsules. The
live cells inside the capsule are nour-
ished and thrive while the capsules
are in the body and are designed
against destruction by the body’s
immune system.

The encapsulation of living cells
in the Cell-in-a-box technology
is a multi-step process. First, the
live cells to be encapsulated are

suspended in a medium contain-
ing a polymer and sodium cellu-
lose sulfate. This suspension is then
passed through a droplet-generating
machine; the resulting droplets are
made to fall into a solution contain-
ing another polymer. As the two
polymers interact, a membrane is
formed around each droplet, which
ultimately develops into a shell
around the droplet. The resulting
spherical capsule is 0.7-0.8mm in
diameter.

The work undertaken by Phar-
maCyte, UTS and PharmaCyte’s
International Diabetes Consortium
over the last two years has resulted
in an opportunity to re-engineer
the Melligen cells with the aim of
increasing their insulin production
as well as the bioactivity of the pro-
duced insulin. With this new agree-
ment in place, the research will be
done in Australia under the leader-
ship of Professor Ann Simpson, the
developer of the original Melligen
cell line.

The unique properties that set
the Melligen cells apart from all
other available insulin-producing
cell types, include their robustness,
their ability to withstand an at-
tack from cell-toxic molecules that
typically lead to the destruction of
insulin-producing cells and their
suitability for cost-efficient phar-
macological-grade large scale pro-
duction. In contrast to primary beta
islet cells of the pancreas, which
normally produce insulin and
stem-cell-derived insulin producing
cells, Melligen cells are a scalable
and a highly characterized cell line
that can readily be expanded in a
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bioreactor to generate the amounts
of cells needed for cell banking,
testing and production.

PharmaCyte’s CEO, Kenneth L
Waggoner, stated,

“We are pleased to have come to
an agreement with UTS that allows
us to take the Melligen cells to the
next level in our development of a

‘bioartificial pancreas’ for the treat-
ment of Type 1 and insulin-dependent
Type 2 diabetes. If we are successful,
it will bring to fruition the many years
of research that have been conduct-
ed by Professor Ann Simpson and her
colleagues at UTS as well as Pharma-
Cyte in developing these remarkable
insulin-producing cells.”

BE THE MATCH BIOTHERAPIES®

& TMUNITY COLLABORATE TO
N ACCELERATE NEXT-GENERATION

IMMUNOTHERAPIES

Biotherapeutic company Tmunity
has partnered with Be The Match
BioTherapies®, an organization of-
fering solutions for companies devel-
oping and commercializing cell and
gene therapies, to accelerate patient
access to life-saving cell therapies.

Tmunity will utilize Be The Match
BioTherapies’ industry-leading cell
therapy supply chain and collection
network management expertise to
support clinical development of its
next-generation immunotherapies.
Tmunity is currently working on
broadening its clinical pipeline of
investigational immunotherapies to
address a broad range of solid tumor
and hematological cancers.

Be The Match BioTherapies will
provide the expertise related to the

management of cell therapy supply
chain and logistics supported by the
company’s MatchSource® Supply
Chain Software. In addition, Be
The Match BioTherapies will qual-
ify, develop and train a network of
collection centers to help ensure
the collection of consistent, com-
pliant and high-quality cell starting
material. To gain efficiencies in site
qualification, Tmunity will receive
licensed access to quality system au-
dit results through the Quality Sys-
tem Audit Program (QSAP).

Tmunity’s work is focused on the
development of T cell-based thera-
pies for the treatment of cancer. The
company was founded on a licens-
ing agreement with the University
of Pennsylvania.

MASSACHUSETTS GENERAL HOSPITAL
JOIN HANDS WITH ELEVATEBIO TO
N ADVANCE INNOVATIVE CELL & GENE

THERAPIES

Massachusetts  General Hospital
(MGH) has entered into a 10-year
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alliance agreement with ElevateBio,

a Cambridge, MA-based cell and




gene therapy company. The agree-
ment provides MGH preferred
access to ElevateBios BaseCamp
research, process development and
manufacturing facility in Waltham,
MA for developing and manufac-
turing innovative cell and gene ther-
apies developed at MGH.

Under this agreement, MGH is
making an investment in ElevateBio
BaseCamp, and BaseCamp’s facilities
and expert staff will support a range
of cell- and gene-therapy programs
arising from MGH’s research pro-
grams and laboratories. In addition,
ElevateBio and MGH will jointly
identify innovative cell and gene
technologies from university labs
and other external sources to create
therapeutics companies to advance

additional cell and gene therapies
from the lab to the bedside of pa-

tients suffering from severe diseases.

MOVERS
& SHAKERS
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According to the terms of the
agreement, MGH will have guar-
anteed access to ElevateBio’s Base-
Camp for multiple, simultaneous
cell- and gene-therapy programs for
process development and manufac-
turing each year. At the same time,
ElevateBio and MGH may jointly
form any number of companies to
manufacture and develop cell- and
gene-therapeutic candidates from
multiple sources.

David Hallal, CEO of Ele-
vateBio, commented:

“This 10-year alliance with MGH
advances key objectives for our or-
ganization as we strive to reach
more patients faster with innovative
clinical-stage cell and gene thera-
pies. We look forward to providing
updates of our progress under this
new collaboration in the months
ahead.”

® CEO

Kite Pharma, a Gilead Company,
has appointed Christie L Shaw as its
new CEO and a member of Gilead’s
senior leadership team.

Ms. Shaw has extensive experience
across the biopharmaceutical indus-
try and has held various leadership
positions in the pharma sector. She
currently serves as Senior Vice Pres-
ident of Eli Lilly &. Co., and Presi-
dent of Lilly Bio-Medicines. She also
serves as a board member of both

CHRISTI SHAW JOINS KITE AS NEW

Avantor, Inc. and the Biotechnology
Industry Organization (BIO), and as
an advisor to the Healthcare Busi-
nesswomen’s Association.

Prior to joining Lilly, she served
as US Country Head and President
of Novartis Corp. and North Amer-
ican Head of Novartis Oncology.
She earned a BA in Business Ad-
ministration from Iowa State Uni-
versity and an MBA from the Uni-
versity of Wisconsin.
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SANGAMO THERAPEUTICS APPOINTS
GARY H LOEB AS EXECUTIVE VICE
R PRESIDENT & GENERAL COUNSEL

Genomic medicines company San-
gamo Therapeutics has appointed
Gary H Loeb as its Executive Vice
President and General Counsel. Mr.
Loeb will oversee all legal matters
for Sangamo and will report to the
CEO.

Mr Loeb has over 20 years of ex-
perience in biotechnology and phar-
maceutical law, compliance, intel-
lectual property, litigation, human
resources, regulatory, and facilities.
Before joining Sangamo, he served
as General Counsel, Corporate
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Secretary, and Chief Compliance
Officer at Achaogen, an anti-infec-
tives company. At Achaogen, Mr
Loeb was a member of the Exec-
utive Team and the first full-time
in-house attorney, where he built
the legal and compliance teams. Be-
fore Achaogen, Mr Loeb worked in
roles of increasing responsibility at
Counsyl, a genetic screening com-
pany, Amyris, Inc., and Genentech.

Written by Dr Applonia Rose,
Cell and Gene Therapy Insights
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