Evolution of Gene Therapy

Gene therapy research is experimental - at a very
early, iIimmature stage

Present methods and tools are nascent and still
unrefined and also carry risk, but,

The X-SCID gene transfer study has provided strong
proof of principle for therapeutic efficacy - “clinical
gene transfer research” has become “gene therapy”

Should be subject to same risk/benefit analysis as
other experimental procedures and therapies

Great need for more, not less, effort to overcome
scientific and medical obstacles

Acknowledge difficulties and focus on solutions

Recognize and applaud epochal advances already
made
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“Somatic gene therapy of human disease with retrovirus
vectors Is a new technology with potentially important
medical benefits. Although it involves recombinant DNA
technologies and modified retroviruses, proper design of
the vectors and delivery systems removes most potential
foreseen risks. Furthermore, even in the very remote
possibility that there Is a non-therapeutic biological effect
of the treatment, it is unlikely to be a harmful one. Thus,
once very safe retrovirus vector-helper cell systems are
constructed and In use, safety considerations should not
hold up further human trials of retrovirus vectors.”

Howard Temin
Hum.Gene Ther. 1: 111 (1990)



“Random integration will obviously lead to occasional
Insertional mutagenesis through the interruption of vital
cellular genes or through the insertion of retroviral
regulatory sequences that modulate the expression of
flanking cellular genes. To avert problems of promoter
Interference and to reduce the likelihood of insertional
mutagenic events, a number of investigators have
designed retrovirus vectors that are devoid of their own
promoter and enhancer sequences and are therefore
transcriptionally disabled.”

T. Friedmann
Science. 244: 1275-1281 (1989)



Setback Fall 2002-Winter 2003

e Two treatment-related cases of T-cell
leukemia

—Due to single copy provirus integration into
or near known T cell leukemia oncogene
LMO-2.

—Presumed viral enhancer effect
—??role of yC protein.
 Response to chemotherapy, clinical remission




o Pending further data or extenuating circumstances,
reviewed on a case-by-case basis, retroviral gene transfer
studies for X-linked SCID should be limited to patients who
have failed identical or haploidentical stem-cell
transplantation or for whom no suitable stem cell donor can
be identified. Case-by-case review would include
appropriate risk:benefit analysis accompanied by
Implementation of appropriate informed consent and
monitoring plans.

o There are not sufficient data or reports of adverse
events directly attributable to the use of retroviral vectors at
this time to warrant cessation of other retroviral human
gene transfer studies, including studies for non-X-linked
SCID. Such studies may be justified contingent upon
appropriate risk:benefit analysis accompanied by
Implementation of appropriate informed consent and
monitoring plans.

NIH RAC recommendation, Feb 2003



Winter 2005

death of one child with leukemia. Second child In
complete remission.

a third instance of leuekemia-like clonal expansion,
several (3) integrations, none in LMO-2

rapid response to chemotherapy, complete remission

remaining study subjects (9 France, 6 in England)
Immunologically reconstituted, alive and well, some
Into 6th year after treatment

total experience - 18 patients (12 France, 6 England), 1
non-response, 17 immune reconstitutions, 3 life-
threatening SAES, 1 death



Regulatory Responses

France - clinical hold by AFSSAPS, at request of

Investigators
— safer vectors to red

uce insertional mutagenesis,

better understanding of vector/transgene

contributions to leu

U.S. - FDA clinical ho

Kemogenesis
d on X-SCID; ADA-SCID and

other retrovirus-based
Italy, Japan - ?

protocols may proceed

England - study and patient accrual to continue

— at present, clinical ben
therapies, BMT

efits outweigh risks of other



heHeant offthe Dilemma

SeVere [sks Nl context or robust clinical SUCCESS

Retreviius-mediated transduction: off €344 cells with
wild type vC gene! Is effiective treatment, 2cure, of
human X-SCID

\ery high risk efi leukemia with current technoelegy.
from unregulated growth- or survival advantage - risk
IS Inherent In mechanisms of retroviral integration.

What Is this study - human experimentation; or
therapy? Viewing alternatives, when does high-risk
experimentation become high-risk but justifiable
therapy?

Important to work toward improved methods, but what
does one do while awaiting better technology?



Sound familiar? - not a new problem

o childhood lymphocytic leukemia
o Hodgkin’s Disease

e Organ transplantation - bene marrow,
heart, liver, kidney

e monoclonal antibodies



The New England
Journal of Medicine

Copyright, 1948, by the Massachusetts Medical Society

Volume 238 JUNE 3, 1948 Number 23

TEMPORARY BEMISSIONS IN ACUTE LEUKEMIA IN CHILDREN PRODUCED BY
FOLIC ACID ANTAGONIST, 4-AMINOPTEROYL-GLUTAMIC ACID (AMINOPTERIN)*

SIDNEY FARBER, M.D., 1 Louis K. DIAMOND, M.D., ¥ ROBERT D. MERCER, M.D., §
ROBERT F. SYLVESTER, JR., M.D.,  AND JAMES A. WOLFF, M.D. |

BOSTON




——
o
~—
©
=
c
=
§))
o
®
-
LN
1))
>
w
[V
O
=
3
©
O
)
o
o,

Years after Diagnosis

Pui CH: N Engl J Med 332: 1618-1630, 1995
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CNS prophylaxis, new chemotherapeutic agents




100 gene “therapy” for X-SCID?

P<0.001

71+2% Era4 (n=358) 1984-88
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*CNS prophylaxis, new chemotherapeutic agents




A Craft, 1940; Untreated, All Stages

Jacobs et al, 1968; Stages lll and IV,
Alkylating Agents Only

1963 - alkylating agent



A Craft, 1940; Untreated, All Stages

Alkylating Agents Only

Jacobs et al, 1968; Stages lll and IV,

1963 - alkylating agent

Fraction Surviving

¥.--¥ 35 Pts. Achieving C.R.
&——e Entire Group 43 Pts.
{ ) No. at Risk for Interval

1970 - MOPP combination Rx

DeVita et al.




A Craft, 1940; Untreated, All Stages

Alkylating Agents Only

Jacobs et al, 1968; Stages lll and IV,

1963 - alkylating agent
At a cost - “treatment-related leukemia™ and other secondary
cancers

Fraction Surviving

0.2

B ¥.--¥ 35 Pts. Achieving C.R.
&——e Entire Group 43 Pts.
{ ) No. at Risk for Interval

1970 - MOPP combination Rx
DeVita et al.
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Years since diagnosis

Neglia et al., INCI , 2001



Immunosuppression for liver transplantation - 1963

Prednisone and
Azathioprine (AZA)

® 0S8 (n=168)
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Improved Immunosuppression for liver transplantation

B TAC (n=1391)
4 CYA (n=1835)
® ASA (n=168)

cyclosporin (1980), other
calcineurin inhibitors

Patient Survival (%)

1 2 3
Time after Transplantation (years)

B TAC [n=1582)
& CYA (n=2416)
& A58 (n=190)

Graft Survival (%)

i 1 2 3 4
Starzl Time after Transplantation (years)




At a cost -

Ya)

B TAC (n=1391)
4 CYA (n=1835)
® ASA (n=168)

Patient Survival
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& CYA (n=2416)
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Is human gene transfer experimentation
different from other clinical research?

far greater visibility and scrutiny at the most
nascent stages of its development

burden of its history - greater exaggeration of quick

clinical delivery, undeliverable explicit and implicit
promises

Earlier and more powerful influence of commercial

Interests In delivery of immature technology to
urgent clinical problems



Issues for RAC discussion

criteria for proceeding with current studies?

— vector modifications - insulators, suicide and ablation elements

— prophylactic chemotherapy in X-SCID model?

— what are goals of clinical “hold”? What should be done while
awaiting improved and less hazaradous technology?

define long-term research needs and goals?

— Vvector design, choice of target cells, effects of integration site and
provirus on proto-oncogene expression, oncogenic role of yC,
targeted integration, prospective identification of transduced cells
with prolferative, selective advantage, etc.

how to achieve greater ethical clarity on transition from

human experimentation to “therapy”
new reguirements in appendix M?



Specific iImmediate tasks for NIH RAC

Affirm or modify Feb. 2003 RAC position on retrovirus-
mediated gene transfer for X-SCID, other SCID

— extend to other stable transducing systems - episomal (herpes,
adenovirus, etc.)

Anticipate effect of additional SAEs in X-SCID study

Modify appendix M to include specific reference to:

— minimized number of transduction events and transduced cell number,
consistent with therapeutic effect?

— elements to regulate levels of gene expression?
— methods to ablate genetically modified cells, reverse their effects?
— methods to test and archive grafted cells (prospectively, post-grafting) to
detect inappropriate selection/expansion
RAC review of impact of gene transfer technology and
successful therapy on existing ethical and policy codes of
human experimentation

— when does high-risk experimentation become “therapy”?
— policy conference(s)







A complex task for the RAC

assist investigators to ensure high quality gene transfer
clinical research studies and maximal patient protection

ensure safety and compliance with principles of human
experimentation

prevent unjustifable exaggeration of



A danger of exuberant pessimism

empathy and concern for participants in all clinical research,
Including gene transfer studies - those who wind up on the
wrong side of the risk-benefit calculation

appropriate determination to identify and solve technical
problems of gene delivery and expression

avold the inverse of un-rigorous, exaggerated optimism of
earlier clinical phase of gene transfer research

— unrealistic attitude of straightforward clinical application to
equally unrealistic attitude of insurmountable obstacles

appropriate recognition of advances, development of
effective, albeit wtill primitive and dangerous, therapy



Challenges to the RAC

* If some patients remain well, gene transfer for
X-SCID constitutes effective treatment, possibly
“preferred treatment”, possibly even “standard

of care”
o very likely inevitable serious harm

e an approximate measure of cost-benefit



Challenges to RAC

 existing technology,

— question of balance of benefits and risks, as in all
therapies, no matter how hazardous

* Improve technology and increase safety
— specify “safe” integration sites - too difficult for now

— Incorporate mechanisms of regulated gene expression -
promising but very early technology

— Incorporate ”suicide”and ablation technology



Challenges to RAC - existing
technology - wait for what?

adverse events are inherent in non-specific
Integration and resulting insertional mutagenesis

methods for site-specific integration not imminent

the more efficient the gene transfer and expression,
the greater the likelihood of harm

effects of patient age, virus dose, mechanisms of
oncogene dysregulation are important but will not be
understood quickly



Possible further outcomes

all subjects in current X-SCID studies will show
serious harm, despite transient effective therapy

some patients remain well, gene transfer for X-SCID
constitutes effective treatment, possibly “preferred
treatment”, possibly even “standard of care”

serious harm very likely - even inevitable
an approximate measure of cost-benefit



The dilemma - how should RAC

proceed?
o With existing technology

— question of balance of benefits and risks, as in all
therapies, no matter how hazardous




The quandary - If and how to proceed?

e Improved technology and increased safety - what IS
needed?
— specific “safe” integration sites - too difficult for now.

— Incorporate mechanisms of regulated gene expression -
promising but very early technology

— Incorporate “suicide”, reversal and ablation technology



RAC actions - new appendix M points

for retrovirus studies

e minimized number of transduction events and
number of modified cells, consistent with
therapeutic effect?

e Incorporated elements to regulate levels of gene
expression?

* Incorporated methods to ablate genetically modified
cells, reverse their effects?

e Incorporated archiving and testing assays to detect
cells undergoing inappropriate selection/expansion?



RAC actions - articulate ethical view of
harmful treatment

 RAC symposium or policy conference - when does
an immature and harmful treatment become
preferred treatment? For instance, Is current gene
therapy for X-SCID different from early phase of
treatment for Hodgkin’s disease



Different Rates of Decline In
Mortality for Lymphoid (ALL,
NHL, Hodgkin) versus non-
Lymphoid Cancers



Does that sound familiar? Evolution of
many other current therapies



The dilemma and challenge to RAC

ex-VvIVvo retrovirus-mediated transfer of yC Into
hematopoietic cells is effective therapy for X-SCID

the therapy carries very high risk of harm
are there ways to avert the harm in current study?

In face of effective treatment of life-threatening
disease, should long-term safety and other scientific
studies be carried out before X-SCID and similar
studies be continued with current technology?

If not, what more do we need to know? Are any
changes needed in RAC oversight mechanisms?



Lymphoid vs Non-Lymphoid Mortality (Age 0-14 Years)
Both Sexes, All Races, 1979-1999

Rate per 1,000,000
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RAC recommendations and actions

X-SCID

— risk/benefit of genetic reconstitution compared with BMT
— clinical “hold” - until when? what scientific/medical advances
required?
— how to proceed with current study - prophylactic chemotherapy?
ADA-deficiency and other SCID diseases

other retroviral/hematopoletic disease gene transfer models
- IS hematopoietic system a unigue problem?

any additional pre-clinical requirements of investigators
(appendix M points to consider, recommendations to IRBs
and IBCs)

review of ethically acceptable research with human subjects
(RAC policy conference). Does gene therapy stretch present
codes (Nuremberg, Helsinki, Belmont Report, AMA, etc.)?
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Childhood ALL Survival Rates: 1960-2000
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Childhood ALL Survival Rates: 1960-2000
X-SCID
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gene therapy for X-SCID?
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The general dilemma

e when does dangerous experimentation
become acceptable, preferred, or even
“standard of care” therapy ?

e What does one do while waliting for
dangerous and imperfect therapy to
Improve?



