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critical step in developing interven-
Ations to ameliorate the course of hu-

man disease involves determining
when it is safe and appropriate to initiate ex-
perimentation with human subjects. Self-
experimentation by scientists was once used
to determine whether it was ethical to make
this step. As antivivisectionist opposition
became less vigorous, this tradition gradual-
ly gave way to one favoring animal experi-
mentation before undertaking human exper-
imentation (/). Although animal experimen-
tation and clinical research are replete with
ethical issues that have received consider-
able discussion, the issues encountered in
making the leap from bench to bedside have
received surprisingly little public notice.

One exception has been proposals
for human gene therapy, which un-
dergo a more public process of re-
view involving the Recombinant
DNA Advisory Committee (RAC)
(2). Submission of two prepropos-
als to the RAC, involving severe
combined immunodeficiency dis-
ease caused by adenosine deami-
nase deficiency (ADA-SCID) and
o-thalassemia, has prompted consid-
erable discussion (3). These discus-
sions (4, 5) have dealt with the prospect
of human in utero gene transfer experi-
ments (IUGTEs), federal regulations re-
garding clinical studies for evaluating new
drugs, and general ethical principles that
must be addressed before initiating human
experimentation (5). It is clear that several
criteria should be addressed.

Safety. The safety of human subjects is
of paramount concern. International codes
of ethics, including the Declaration of
Helsinki, indicate that laboratory and ani-
mal experiments must typically precede
human experiments (6). Even so, there are
unresolved issues about whether available
laboratory data are sufficient or whether a
particular animal model is appropriate.
Nonetheless, accurate forecasting about
safety in proposed human experimentation
is essential, and there should be a high
standard of consensus in the scientific
community regarding its appropriateness.
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Safety must be considered in relation to
the alternatives available in a particular sit-
uation. If there are no available treatments
for a life-threatening condition, it seems
reasonable to pursue experimental alterna-
tives that may be somehow unsafe. In con-
trast, when alternatives exist or a condition
is not life-threatening, it makes sense to be
more guarded in pursuing potentially un-
safe interventions. Moreover, determining
safety is not simply an objective scientific
judgment. Rather, something is safe not

.

“If it's good for you, is it good for me?"—
one issue to be resolved before human in utero
gene transfer experiments could begin.

only on the basis of data but also as deter-
mined by communities and individuals.
Different safety issues must be consid-
ered for different groups of subjects. When
considering the possibility of human
IUGTEs, it is imperative to examine mat-
ters of safety for the pregnant woman, the
fetus, and future generations. For example,
it is possible that an in utero intervention
for a-thalassemia might be toxic to the
pregnant woman should she carry the fetus
to term, and there may be a risk of retrovi-
ral transmission to the mother in an inter-
vention for ADA-SCID. The fetus itself
may be harmed as a result of an in utero in-
tervention (for example, by trauma from
physical interventions that may cause the

fetus to abort, as well as the unknown ef-
fects of in utero gene transfers, such as the
possibility of mutagenesis). In other cases, a
normal fetus might be harmed by an unnec-
essary intervention should prenatal genetic
testing be inaccurate. Finally, the germ line
might be affected “incidentally” in perform-
ing an in utero gene transfer, resulting in un-
certain effects on future generations. Pre-
cisely because of the imprecision of these
incidental effects, the potential for them
compounds the already complex ethical
considerations about safety and appropriate-
ness attached to the prospect of directed
germ line interventions in which a known
deleterious gene might be corrected. In
deliberations about the preproposals for
IUGTEs, there was clearly a lack of consen-
sus in the scientific community regarding
the adequacy of existing data from laborato-
ry and animal experimentation to assess
safety in these different groups of human
subjects, thereby making it inappropriate to
begin these in utero human experiments.

Plagued by the difficulty of extrapo-
lating safety data from animal experi-
ments to proposed human experi-
ments, Anderson (3) raised the pos-
sibility of performing initial hu-
man experiments in cases where
a decision had already been

made to abort a fetus. Despite
the scientific appeal of the ex-
periment, such a design raises
unique ethical and regulatory
concerns. For example, because
of the possibility that following
an experimental intervention a
woman might change her mind
about proceeding with an abortion, it
has been argued that such experiments
should only be conducted when the risk to
the fetus is minimal and the intervention is
directed at the health needs of the fetus (7).
Existing data simply do not provide suffi-
cient evidence that fetal risks are minimal
in an IUGTE.

The possibility of benefit. Early-
phase clinical trials are designed primarily
to answer scientific questions; benefit to
individual research subjects are a side ben-
efit. For example, phase I studies in oncol-
ogy are designed to test toxicity of experi-
mental agents, and most subjects will not
receive a dose that is expected to be in the
therapeutic range. However, subjects may
derive hope or meaning from the knowl-
edge that they are contributing to scientif-
ic progress. Further, by participating in an
early-phase trial they may have access to
experienced clinical teams that provide
emotional as well as physical support.

Regardless of such direct and indirect
individual benefits, the central goals of
early-phase research involving human sub-
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jects typically relate to assessing safety
rather than efficacy. In addition, provided
that a proposed intervention shows reason-
able promise as an effective intervention, it
does not seem problematic if there is a
lack of consensus in the scientific commu-
nity concerning the possibility of individu-
al benefit during early-phase experiments.

The possibility of direct benefit to the fe-
tus was considered in deliberations about
the two preproposals for human IUGTEs.
Although there was not consensus about the
likelihood of benefit, there seemed to be
some support for the scientific concepts un-
derlying the proposals if the very difficult
questions regarding safety could be recon-
ciled. However, the current U.S. regulatory
approach for research with pregnant women
requires that experimental interventions
must hold the prospect of direct benefit to
the fetus (8). This creates a paradox of per-
missibility for early-phase experiments,
which by definition are primarily directed at
assessing toxicity, not benefit (5).

Experimental design. Even if there is
consensus regarding safety and there are
good reasons to suppose that a proposed in-
tervention might ultimately be shown to be
effective, the experiment itself must be de-
signed in such a way as to produce useful
results. In short, it is unethical to conduct
poorly designed experiments (9). Whether
the results of the study are positive or nega-
tive, what matters is that they are useful in
answering an important scientific question
while not exposing human subjects unnec-
essarily to the risks of research.

Ethical questions accompany multiple
steps in the design of such experiments. For
example, justice would require considering
carefully what conditions are selected for
early experimentation when a particular in-
tervention might have promise in several
diseases (/0). Should more common dis-
eases be selected over rare diseases? Should
diseases with an available cure be selected
over those without a cure or vice versa? In
addition, even though early-stage experi-
mentation does not have a high likelihood of
personal medical benefit for subjects, what
can be done to maximize benefits and mini-
mize risks? (/7). These and related ques-
tions ought to be considered by Institutional
Review Boards, as well as others charged
with the prospective review and oversight of
research with human subjects (/2).

Informed consent. A now-accepted and
crucial component of research with human
subjects is obtaining valid informed consent
for participation. To provide this consent,
potential subjects must at first be competent
to do so. This entails being able to under-
stand and appreciate information about the
proposed research and how participation
will likely affect them and, when relevant,
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how this differs from usual care. Obtaining
informed consent for early-phase clinical
trials with patients suffering from a disease
being studied can be particularly challeng-
ing, especially when good treatments are
not available for the patient’s disease. Pa-
tients may carry a “therapeutic misconcep-
tion,” whereby they assume that an experi-
mental intervention is designed primarily as
a means of providing direct medical benefit
(13, 14). In addition, even the words select-
ed by investigators to describe the protocol,
such as “study” or “experiment,” can great-
ly influence patients’ understanding of what
is involved, as a study is commonly under-
stood to be virtually harmless while an ex-
periment is believed to be risky (15). Simi-
larly, referring to an IUGTE as “in utero
gene therapy” might inadvertently create a
misperception on the part of those being
asked to serve as subjects (/6).

The lack of therapeutic alternatives for
certain conditions diagnosed in utero might
put pressure on future parents in their deci-
sion-making about participation in early-
phase research. As bone marrow transplan-
tation is a known effective treatment for
ADA-SCID postpartum (17), parents faced
with a choice about the possibility of partic-
ipating in early-phase in utero gene transfer
research for this disease might be expected
to be in a reasonable position to give mean-
ingful informed consent. In contrast, since
there is essentially no treatment for o-thal-
assemia and it is fatal in utero, faced with
the near certain death of a fetus, informed
consent might be especially difficult. Of
note, such claims about what pressures may
exist in the informed consent process for
these experiments are largely based on relat-
ed experience and conjecture. As yet, there
are insufficient data from which to accurate-
ly guide decisions about how to structure the
informed consent process for protocols for
TUGTES should a decision be made to begin
experiments with human subjects.

Furthermore, in considering the in-
formed consent process, attention must be
paid to the tenability of “informed con-
sent” for future children and, more prob-
lematically, for future generations. While
there is obviously experience in having ex-
pectant parents give consent, or more accu-
rately permission, for their future children,
it is a unique notion to provide permission
for future generations whose germ line
might be affected by experimental inter-
ventions. What is the moral justification
for providing intergenerational permission?
What will be the durability of such agree-
ments to adhere to long-term follow-up
that might be required to assess whether in
fact germ line changes have occurred?

Concluding comments. Safety, the pos-
sibility of benefit, experimental design, and

informed consent are critical criteria to be
considered as discussion and evaluation
continues among scientists, regulators, and
ethicists. Specifically, accepting the limits of
preclinical models, the regulators and the
scientific community should strive to reach
consensus about the safety of proposed in-
terventions. Even if consensus about safety
is reached, there remains the therapeutic
paradox of permissibility in the current reg-
ulatory apparatus for research on the fetus.
Accordingly, whether it will be acceptable to
do this research in the United States will de-
pend on how the current regulations are ulti-
mately changed. Should such research be
acceptable, there needs to be broad public
discussion and ethical analysis concerning
whether the target conditions selected are
fair and appropriate and how best to spend
public resources dedicated to research.
These tasks require open and explicit pub-
lic input that could be facilitated by forums
such as the Gene Therapy Policy Confer-
ences conducted at different locations to en-
hance the likelihood of public input. Finally,
if a decision is made to “leap” ahead, further
conceptual work, guided by empirical study,
must be directed at the possibility of obtain-
ing meaningful informed consent.

References

1. S. E. Lederer, Subjected to Science (Johns Hopkins
Univ. Press, Baltimore, MD, 1995).

2. E.T. Juengst, Hum. Gene Ther. 1, 425 (1990).

3. E. Zanjani and W. F. Anderson, Science 285, 2084
(1999). See also http://strategicresults.com/nih/
gtpc3/index.html.

4. |. F. Fletcher and C. Richter, Hum. Gene Ther. 7, 1605
(1996).

5. J. Sugarman, “Ethical questions related to the prospect
of in utero gene transfer experiments,” in Gene Thera-
py Policy Conference Report: Prenatal Gene Transfer
Research {NIH, Bethesda, MD, 1999), in press.

6. World Medical Association, Declaration of Helsinki
(1996).

7. National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research, Re-
search on the fetus, in A. Jonsen, R. Veatch, R. L. Walters,
Eds., Source Book in Bioethics: A Documented History
(Georgetown Press, Washington, DC, 1998), p. 29.

. 45 Code of Federal Regulations (C.F.R.) 46, subpart B.

9. Permissible medical experiments, Trials of War Crim-
inals before the Nuernberg Military Tribunals under

Control Council Law No. 10: Nuernberg, October
1946-1949, 2 (U.S. Government Printing Office,
Washington, DC, n.d.), pp. 181-182.

10. J. P. Kahn, A. M. Mastroianni, J. Sugarman, Eds., Beyond
Consent: Seeking fustice in Research (Oxford Univ.
Press, New York, 1998).

11. National Commission for the Protection of Human
Subjects of Biomedical and Behavioral Research, Bel-
mont Report (Department of Health, Education and
Welfare, 1979).

12. 45 CF.R 46; 21 C.F.R 312; Center for Drug Evaluation
Research, Center for Biologics Evaluation and Research,
Guidance for Industry: Content and Format of Investi-
gational New Drug Applications (INDs) for Phase 1
Studies of Drugs, Including Well-Characterized, Thera-
peutic, Biotechnology-Derived Products (U.S. Food and
Drug Administration, Washington, DC, 1995).

13. P.Appelbaum, L. Roth, C. Lidz. Int. J. Law Psychiatry 5,
319 (1982).

14. , Hastings Cent. Rep. 17, 20 (1987).

15. J. Sugarman et al., IRB: Rev. Hum. Subj. Res. 20, 1
(1998).

16. N. M. P.King, Hum. Gene Ther. 10, 133 (1999).

17. R.Buckley et al, N. Engl. /. Med. 340, 508 (1999).

o]

24 SEPTEMBER 1999 VOL 285 SCIENCE www.sciencemag.org



http://www.jstor.org

LINKED CITATIONS
-Pagelofl-

You have printed the following article:

Ethical Considerationsin Leaping from Bench to Bedside
Jeremy Sugarman
Science, New Series, Vol. 285, No. 5436. (Sep. 24, 1999), pp. 2071-2072.

Stable URL:
http:/links.jstor.org/si ci?si ci=0036-8075%2819990924%293%3A 285%3A 5436%3C2071%3AECIL FB%3E2.0.CO%3B2-B

This article references the following linked citations:

References

*Prospectsfor in Utero Human Gene Therapy

Esmail D. Zanjani; W. French Anderson

Science, New Series, Vol. 285, No. 5436. (Sep. 24, 1999), pp. 2084-2088.

Stable URL:

http://linksjstor.org/sici ?sici=0036-8075%2819990924%293%3A 285%63A 5436%3C2084%3A PFl UHG%3E2.0.CO%3B2-F

NOTE: The reference numbering fromthe original has been maintained in this citation list.





