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Re-Examining the Ethics of Clinical Trial
Approval in a Gene-Targeted Era through a
Case-Based Approach: Exploring the

Implications of the n =

1 Batten Disease Trial

Danielle G. Rabinowitz

ABSTRACT

Using a case-based approach, this article highlights the ne-
cessity of re-examining the ethics of clinical trial approval in a gene-
targeted era. It centers on the n = 1 Batten disease drug trial, in
which an antisense oligonucleotide drug was introduced as a novel
drug therapy for an individual child with a neurodegenerative ill-
ness, and probes the ethics of equity, safety, clinical utility, and
parental autonomy of the trial as a means to raise more global
questions about the ethical underpinnings of clinical trail approval.
With the promise of the widespread application of personalized
medicine on the horizon, it is imperative that the greater scientific
community think critically about the ethical foundation upon which
drugs make their way to market.

For M.M.’s parents, there was nothing but ex-
citement when they welcomed their first child in
2010. “When I think about [M.M.] as an infant, I
think about smiles . . . and laughter . . . and health,”
her mother recalls.! When M.M. was a toddler, her
father described her as being “very physical,” not-
ing that she “always loved to ride her Strider [rock-
ing toy] . . . play in the snow . . . [and] go sledding,”
in their hometown in Colorado. Her parents had no
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sense early on that their daughter was in the throes
of a serious neurodegenerative decline. But when
M.M. turned three, subtle signs emerged that sug-
gested otherwise.?

M.M. began to get “stuck on her words.” She
would stop mid-sentence, as if unable to complete
her thoughts. Given that she had consistently met
all of her developmental milestones up to that point,
her medical care team was not initially concerned.
But with each passing month, her behavior grew
stranger, and her parents began to ask questions. By
age four, M.M. started pulling books close to her face
to make out the images. At five, she began moving
her feet in an unusual “pit-patter” manner, repeat-
edly stumbling and falling. At six, M.M. displayed
worsening gait, language, and behavioral regression,
and a complete loss of vision. She was declining
rapidly, and her doctors did not know why.?

An extensive evaluation performed at Children’s
Hospital Colorado in 2016 revealed multisystem
deficits. M.M. was found to have severe vision loss,
in association with bilateral macular and retinal
dystrophy, and resultant trace optic disc pallor on
the right. An electroencephalogram (EEG) showed
severe bilateral cerebral dysfunction, with multifo-
cal and generalized epileptiform discharges suggest-
ing subclinical seizure activity. Magnetic resonance
imaging (MRI) of her brain and spine revealed sig-
nificant cerebellar atrophy. After an extensive mo-
lecular workup, an answer as to M.M.’s predicament
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emerged. It was the not the answer her parents had
hoped to hear.*

M.M. was diagnosed with Batten disease, or neu-
ronal ceroid lipofuscinosis, a rare, fatal, inherited
condition caused by lysosomal accumulation of
ceroid lipofuscin. Swaiman and colleagues explain
that patients with the disease suffer from “cogni-
tive impairment . . . [progressively] worsening sei-
zures . . . [and] loss of sight and motor skills.”® Ac-
cording to the National Institute of Neurological
Disorders and Stroke, Batten disease affects two to
four of every 100,000 live births in the United States,
and about 14,000 children worldwide.® It has no
definite cure.

M.M.’s parents were determined to change that—
for their daughter and for all patients afflicted with
the disease. Their first step was to clarify the ge-
netic underpinnings of the disorder. M.M.’s origi-
nal Batten gene panel was sent from Children’s Hos-
pital Colorado after a skin biopsy showed charac-
teristic changes. The panel identified a heterozygous
change in the CLN7 gene, which meant that there
was a second gene at play in her disease. This was
because the CLN7 disease variant of Batten disease
is classically recessive, requiring a homozygous
change in two alleles at the particular gene locus.
Seeking more answers, M.M.’s parents forged a spe-
cial partnership with Claritas Genomics, a diagnos-
tic laboratory then associated with Boston Children’s
Hospital. Claritas offered to provide whole exome
sequencing for M.M., with the hope that the second
gene that contributed to her Batten disease presen-
tation would come to light.

The results indicated that M.M.’s specific muta-
tion was caused by a retrotransposon insertion in
the CLN7 gene. Retrotransposons are components
of the genome that utilize a “copy and paste” mecha-
nism to insert to target gene sites, and are abundant
in the DNA of eukaryotic organisms (organisms that
include animals and plants). In M.M.’s case, the in-
sertion was acting as an exon trap, in that it caused
alternative splicing and consequent gene truncation
and loss of protein function of the gene.

TABLE 1. Phase | - Il - lll versus n = 1 trial design

A new question arose as to how this newly iden-
tified genetic defect could be addressed in a thera-
peutic context. Timothy Yu, MD, PhD, a researcher
affiliated with Boston Children’s Hospital, proposed
using the Claritas data to develop an oligonucleotide
drug that would block the specific abnormal splic-
ing process that was occurring in M.M.’s genome
and restore the normal CLN7 gene product.’

This endeavor sought to capitalize on the recent
successes of similar therapy approaches for other
childhood diseases. Oligonucleotide drugs that tar-
get mRNA splicing mechanisms had recently been
introduced. In December 2016, the U.S. Food and
Drug Administration (FDA) approved nusinersen
(Spinraza), an antisense oligonucleotide that was
designed to alter irregular SMN2 splicing, the first
definitive therapy for spinal muscular atrophy
(SMA).8 The drug had been accepted for FDA prior-
ity review in November 2016 “to address the urgent
need for an effective SMA treatment” in light of the
positive statistical data on improvement in motor
milestones demonstrated in the drug’s two Phase III
studies (see table 1 for descriptions of the various
phases in experimental drug trials).® In September
2016, the FDA approved the oligonucleotide drug
eteplirsen (Exondys 51) for treatment of Duchenne
muscular dystrophy, based on efficacy data collected
from four different Phase I through Phase III trials
that were conducted between January 2009 and Sep-
tember 2014.%° The clinical trials for nusinersen and
eteplirsen involved sample sizes far greater than
what would be utilized in M.M.’s case, which would
be a clinical trial with a research population of one
subject: n = 1.

Yu agreed to lead the research efforts, and, faced
with M.M.’s increasingly rapid neurologic decline,
her parents launched an online advocacy platform
to raise the million dollars necessary for undertak-
ing the n = 1 clinical trial for their daughter, and to
seek FDA approval for moving forward with the
project. Within a few months, the idea for a new
drug therapy had a fast-tracked timeline to begin a
clinical trial.*

Phase Sample size (n)  Length of phase

Purpose of phase

| 20 - 100 Several months
I 100 -1,000 Several months to ~ 2 years
I 1,000+ 110 4 years

[-1-11 1 Several months

Safety (determination of doses tolerated without signficiant side-effects).
Efficacy of varying safe dosages.

Safety. Efficacy on a large scale.

Safety (determination of dosages tolerated without signficiant side-effects).

Efficacy of varying safe dosages.
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The development of the clinical trial broke new
ground in numerous ways, not only due to its highly
accelerated timeline, but also due to its sample size.
As a trial initiated for an individual, there was an
inherent blurring of the classic structure of the
phases of clinical trials, in which periods of active
treatment with an experimental drug are followed
by “washout” periods, when the experimental drug
is “washed out” of the system of research subjects.
In the Batten disease trial, the safety of various dos-
ages of the experimental drug would be monitored
alongside the efficacy of the drug over the period of
a few short months. In the usual structure of a clini-
cal trial for an experimental drug that involves hu-
man subjects, a small research population (usually
fewer than 100 people) participates in Phase I of the
trial, and the subjects are carefully monitored for
side-effects at a range of drug dosages over a period
of several months (see table 1.) In Phase II of the
trial, hundreds of human subjects are strictly moni-
tored to assess the efficacy of the experimental drug
at varying “safe” dosages over a period of months to
a period of two years. Significantly larger cohorts
participate in Phase III of the trial, in which data are
collected regarding the safety and efficacy of the drug
over a period of one to four years, utilizing the dos-
age information that was acquired in Phase II.

The stark contrasts between the design of the n
=1 trial and that of traditional Phase I, Phase II, and
Phase III trials indicate the need to develop and/or,
at the very least, reexamine the ethical framework
for approving clinical trials with human subjects,
especially as gene-targeted therapies overtake
nontargeted therapies. In 1966, Henry Knowles
Beecher published his seminal work “Ethics and
Clinical Research” in the New England Journal of
Medicine, in which he urged the scientific commu-
nity at large to adopt a significantly more stringent
ethical standard for scientific experimentation in-
volving human subjects, and shed light on what he
deemed “troubling practices” in the U.S.*? This oc-
curred on a backdrop of an already evolving federal
framework that regulated how new drugs were
brought to market, but it was Beecher’s resolve that
ultimately paved the way for the development of
the carefully designed I-II-III phase system for clini-
cal trials by as early as the 1970s. As widespread
personalized medicine is imminently on the hori-
zon, the ubiquitous use of the n = 1 trial design will
require a reconsideration of the ethical principles
on which Beecher’s imperatives rested. The remain-
der of this article will consider the significance of
the Batten disease trial in the larger context of clini-
cal trials, with an examination of the key ethical

principles of equity, clinical utility, safety, and pa-
rental autonomy.

EQUITY

Massive budget cuts to the U.S. National Insti-
tutes of Health (NIH) proposed by the Trump ad-
ministration in March 2017 threaten to reduce NIH’s
funding by roughly six billion dollars, and contin-
ued monetary provisions for biomedical research are
at risk.”® Particularly at risk are funds for orphan
diseases, defined as “a rare disease or condition . . .
that affects less than 200,000 persons in the US.”*

The Orphan Drug Act (1983), however, has func-
tioned for more than 30 years to help offset the costs
of drug-related research for rare diseases. This leg-
islation comes from an era in when the costs of drug
research skyrocketed in response to the increased
safety and efficacy data required for the approval of
new drugs. The Kefauver-Harris Amendment of 1962
was the U.S. response to the drug thalidomide’s
highly publicized role in contributing to defects in
human embryonic development.'® As a result of the
1962 ruling, independent researchers and pharma-
ceutical companies were required to comply with
significantly more stringent guidelines to get new
drugs to market. Cost effectiveness became an even
more important factor in the pharmaceutical
industry’s selection of projects to pursue, and rare
diseases were progressively cast to the side. Patients
with rare diseases and their families banded together
to form the National Organization for Rare Disor-
ders (NORD) in 1982, an advocacy organization that
was instrumental in the passing of what ultimately
became the Orphan Drug Act of 1983.

The Orphan Drug Act facilitated the revitaliza-
tion of drug research for rare diseases in a number
of ways. The act provided seven years of market of
exclusivity for companies that developed a drug to
treat a rare disorder, which limited competition and
allowed a window of profitability. It offered exemp-
tions from certain FDA fees, tax credits for various
research-related expenditures, and governmental aid
for research.?

These federal policies supporting drug research
for rare diseases help to counterbalance the high cost
of developing treatments for the diseases. The con-
cept of equity, as outlined below, plays a significant
role in solidifying governmental support of the de-
velopment of treatments for rare diseases. In some
ways, M.M.’s drug trial raises questions about the
durability of that justification.

The current policy-influencing stance on equity
centers on a rights-based approach, which is derived
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from a notion of “natural rights” put forth by the
17th century philosopher and physician John
Locke.® Hughes, Tunnage, and Yeo argue that a
rights-based approach to healthcare is grounded in
the idea that “individuals in a society are entitled
to a decent minimum of health care . . . [and are
deserving of] the same quality of treatment as other
patients.”* This is juxtaposed with a consequential-

Thus, rights-based equity arguments do not pro-
vide strong ethical support for the Batten disease
trial. Approval of the trial also does not appear to
be sound from a consequentialist approach to eq-
uity and/or a look to cost effectiveness. A conse-
quentialist approach (that is, an approach that holds
that what is right or best is what makes the world
better in the future) would be valid, however, in the

The neurodegenerative aspects of M.M.’s disease and the
lack of “proof of concept” for the n = 1 trial do not provide
an ethical justification for the trial based on the
principle of equity.

ist view of equity, which contends that, as a society,
we are obligated to make decisions that center on
“bringing the greatest good to the greatest number.”*
The rights-based argument is supported by the con-
cepts of “fair innings” and the “rule of rescue.”? In
his article “Intergenerational Equity,” Williams de-
fines the concept of “fair innings” as the “feeling
that everyone is entitled to some ‘normal’ span of
health.”?? Jonsen, in his seminal article “Bentham
in a Box: Technology and Healthcare Allocation,”
defines the “rule of rescue” as “a perceived duty to
save endangered life where possible.”? The “duty”
Jonsen refers to highlights the influence of the
Kantian imperative for beneficence, in that it un-
derscores the obligation of a civil society to protect
the most vulnerable and to uphold the collective
morality of its citizens.*

The equity arguments that support the Orphan
Drug Act are problematic when applied to the clini-
cal trial approved for the oligonucleotide drug de-
signed for M.M., due to the neurodegenerative as-
pects of her disease. Williams’s “fair innings” argu-
ment includes the notion of a “ ‘normal’ span of
health,” but this is a challenging concept in the con-
text of M.M.’s illness, which had already caused sig-
nificant neurodegenerative decline. The drug prom-
ised to restore the gene product so as to prevent fur-
ther neurologic change, but there was no likely com-
ponent of reversibility.?> There are also questions
regarding the validity of an equity-based position;
from the standpoint Jonsen’s “rule of rescue,” this
concept is applicable when an individual faces “a
real threat of avoidable death.”? But can neurode-
generation be equated with “avoidable death” here?

context of an n = 1 trial as a “proof of concept,” in
which the trial itself could prove (or disprove) that
the approach proposed by the researchers has wide-
spread downstream applicability. Hughes argues that
the broader societal implications fostered by data
that are collected from a trial on an individual could
be argument enough to satisfy the requirement of
delivering “the greatest good to the greatest num-
ber.”? But in the case of this trial, there was a lack
of novelty—and consequently a lack of “proof of con-
cept”—because the FDA had already approved
nusinersen and eteplersin in the market of antisense
oligonucleotide as exon-skipping therapy.

The neurodegenerative aspects of M.M.’s disease
and the lack of “proof of concept” for the n = 1 trial
do not provide an ethical justification for the trial
based on the principle of equity. More generally, the
trial provides fodder for a broader discussion of the
definition of “orphan disease,” as disease processes
will increasingly be identified by the gene mutations
that create them. If an “orphan disease” is defined
as one that affects 200,000 or fewer individuals in
the U.S., how will new subsets of more common
diseases be identified as they emerge? Where will
the line be drawn when resources for the develop-
ment of new drug therapies are allocated? Who will
draw these lines, as new federal guidelines permit
the chairs of institutional review boards (IRBs) to
approve n = 1 trials for novel therapies without the
standard review process, thereby bypassing the com-
mittee and its deliberations?® Such expedited re-
view may eliminate the community voice and sup-
press the ability of the public to have a stake in de-
termining how governmental dollars are spent.
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There may be a point at which leveraging the no-
tion of equity will be become unsustainable, mon-
etarily and otherwise.

CLINICAL UTILITY

The question of equity is relevant within the
frame of clinical utility, as a clinical trial that may
result in a widely beneficial treatment may be easier
to support than a trial that offers the possibility of a
more limited treatment. For example, if M.M.’s n =
1 trial was the first antisense oligonucleotide (ASO)
drug, it could serve as a catalyst in the arena of ASO
drug development. This was not the case, however,
as nusinersen and eteplirsen had already been
brought to market.

The clinical utility of M.M.’s n = 1 trial was un-
der scrutiny due to its small sample size. Halpern,
Karlawish, and Berlin argue in “The Continuing
Unethical Conduct of Underpowered Clinical Tri-
als” that underpowered trials for rare diseases are
not ethically justified unless “investigators docu-
ment explicit plans for including their results with
those of similar trials in a prospective meta-analy-
sis.”? But it was not realistic to expect that the drug
designed specifically for M.M.’s CLN7 mutation—a
small, perhaps unique, subset of mutations causing
Batten disease—could be incorporated into a pro-
spective meta-analysis. And in conjunction with
this, from an analysis standpoint, the n = 1 design
of M.M.’s trial introduced additional challenges;
there is little research regarding the appropriate as-
sessment of n = 1 trial data. As Lillie and colleagues
note, even though “washout” periods are intended
to mitigate the effects of prior interventions, “ac-
counting for carryover effects is not trivial,” and
these periods may serve as a barrier to producing
data that can be extrapolated for use in other con-
texts.?® This may further complicate the incorpora-
tion of data collected from M.M.’s trial into a larger
analysis pool, whatever that may be.

Other ethicists have offered different perspec-
tives on the ethical justification of underpowered
trials. In their article published in Lancet, “Why
Underpowered Trials Are Not Necessarily Unethi-
cal,” Edwards, Lilford, Braunholtz, and Jackson
maintain that equipoised trials ought to be “accept-
able to both [conquentialists], who are concerned
simply to achieve the most good, and to non-
[consequentialists], who are concerned that the in-
terests of future patients generally should not be al-
lowed to override the rights of present patients.”
(The term “equipoised” refers to clinical equipoise—
the ethical basis for the conduct of randomized clini-

cal trials involving human subjects—in which there
is uncertainty regarding which arm of the clinical
trial is therapeutically better than the other.)

For M.M.’s trial, could it have been anticipated
that the new drug treatment would be better than
no treatment at all? Was the halting of disease pro-
gression without the promise of reversibility argu-
ment enough for implementation of the trial? This
most likely is not the equipoise upon which the
above authors sought justification.

SAFETY

A determination of clinical equipoise, necessary
for the FDA approval of a new drug protocol, in-
cludes analysis of the risks and benefits to patients
and the safety of the experimental drug at the time
of its administration. The safety of antisense oligo-
nucleotide drugs is well documented in the litera-
ture.®? Chan, Lim, and Wong note that much of the
data collected thus far indicates that the majority of
“toxic effects are dependent on the ASO backbone
chemistry . . . [and are] sequence independent.”3
The most significant toxicities derived from mul-
tiple studies include complement and coagulation
cascade activation, thrombocytopenia, hyperglyce-
mia, and hypotension. Many of the effects have been
associated with dose-dependence, and could there-
fore be mitigated by lowering doses.**

Despite the generally sequence-independent
nature of the identified toxicities, it is important to
consider each ASO drug as a new compound when
reviewing its safety data, given the specific target-
ing of distinct gene exons. Wilton and colleagues
found that although “the possibility of off-target an-
nealing” is probabilistically low, it remains a risk.*
In the most recent safety review application released
for the SMA drug nusinersen (Spinraza), for ex-
ample, the data suggest the drug contributes to in-
ducing thrombocytopenia (in five of 56 of patients),
proteinuria (in 33 percent of patients with infan-
tile-type SMA and in 69 percent of patients with
later-onset SMA and longer duration of treatment);
hyponatremia (severe in one patient); decreased
growth; rash (in two of 173 patients); and possible
vasculitis (one patient).’® Yasuda and colleagues re-
ported to the FDA that while there is an overlap with
the toxicities identified in other ASO studies, new
drug-specific toxicities are also apparent. Further,
the overarching safety analysis underscores the very
real possibility that more significant toxicities will
reveal themselves in the future. Yasuda and col-
leagues note: “The magnitude of the potential for
serious harm after approval is unknown. Because
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of limitations due to the small number of patients
exposed and duration of exposure in the clinical tri-
als, it is likely that adverse reactions not identified
to date, or of a magnitude not observed to date, will
occur in the postmarketing setting.”%”

Thus, the fast-tracking of an experimental drug
through a clinical trial, coupled with a small popu-
lation size, may limit the perceptibility of adverse

They state, “although we act as if a suitable proxy
can exercise the autonomy of the nonautonomous
child, this is not altogether an unreasonable fic-
tion.”% This is why, in defining autonomy as it per-
tains to decision making for a child, McCullough
describes the necessity of recognizing the “pedia-
trician and parents . . . [as] co-fiduciaries of the child
who is the patient.”* He underscores the role of the

Thus, the fast-tracking of an experimental drug through
clinical trial, coupled with a small population size,
may limit the perceptibility of adverse effects.

effects. This has explicit relevance to M.M.’s trial,
for which the Orphan Drug Act facilitated a simi-
larly accelerated clinical trial approval process and
for which the sample size was even smaller. If tox-
icities reveal themselves downstream—primarily in
a postmarketing context—will it be necessary to re-
think the existing framework of drug safety moni-
toring and regulation overall? Will there be the mon-
etary and staff-based wherewithal to ramp up wide-
spread post-market analysis?

The ethical conundrum posed in the context of
drug safety for this experimental treatment also cen-
tered on the challenges introduced by the n =1 study
population. In M.M.’s case, these challenges were
largely based on her age and her specific neurode-
generative condition. In “Research Ethics and N-of-
1 Trials,” Crowden, Guyatt, Stepanov, and Vorhra
argue that when “N-of-1 trials are undertaken as part
of clinical care . . . the clinician and patient enter a
partnership.”®® It is through this partnership that
treatment targets are monitored. In addition to con-
crete health data, this system relies heavily on pa-
tient-reported symptoms. But M.M.’s ability to com-
municate was limited by her age and her disease
process. Given this, was it possible that M.M. could
have entered this partnership fairly? To what extent
could the patient have accurately self-advocated
with regard to monitoring treatment targets and
symptoms? Could M.M.’s parents have served as ap-
propriate stand-in spokespersons for her?

PARENTAL AUTONOMY

Donovan and Pelligrino note that “parental pref-
erences may or may not reflect the good of the child.”

physician in guiding the decision-making process,
serving as a trusted clinical expert and source of
scientifically rooted judgment.

With regard to M.M.’s trial, we would like to
assume that her parents acted as a “suitable proxy”
when they gave permission for her to participate in
the experimental drug trial. Numerous studies have
questioned the ethical nature of the consent process
as it pertains to clinical trials involving children—
perhaps making the entire enrollment process un-
ethical, particularly without the clear directorial role
of the child’s physician as co-fiduciary. In “Parental
Perceptions and Attitudes about Informed Consent
in Clinical Research Involving Children,” Harth and
Thong present what they call “worrisome” data re-
garding parental naiveté surrounding their compre-
hension about their child’s participation in a clini-
cal trial.** Harth and Thong argue that, in the major-
ity of cases, most parents do not have a solid under-
standing that drug trials examine the efficacy and
safety of a treatment at different times. The authors
also identify a lack of parental awareness regarding
the general risks involved in participation of a clini-
cal trial, and a parents’ lack of a fundamental un-
derstanding about the consent document’s role in
helping “protect their rights . . . [and allowing them
to] withdraw their child unconditionally from the
trial at any time [if desired].”*? Barfield and Church,
in “Informed Consent in Pediatric Clinical Trials,”
draw attention to the notion that many parents who
give consent for their child to participate in a clini-
cal trial do not understand the basic tenets of trial
design such as randomization or the differences be-
tween the clinical phases (see table 1).** In an anal-
ysis of informed consent processes for an oncologic
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randomized controlled trial (RCT) among pediatric
and adult populations, Simon and colleagues found
that the adult oncologic patients were “more fully
informed and more actively engaged by their oncol-
ogists” than the pediatric surrogate decision mak-
ers were.* The authors found that 92.5 percent of
the adult patients accurately identified the implica-
tions of randomization in the selection of treatment
options in the clinical trial, versus 40 percent of the
pediatric surrogates. Six to eight months after the
beginning of the trial, the pediatric surrogates re-
ported a much higher, statistically significant, over-
all level of regret about the decision to participate
in research than the adult subjects did (p = .002).
Interestingly, Simon and colleagues found that the
adult subjects indicated a much higher baseline level
of trust in their oncologist compared with the pedi-
atric surrogates.*

In “Two Concepts of Clinical Optimism,” Jansen
considers the role of therapeutic optimism on the
ethical validity of the consent process in clinical
trials involving children.*® Jansen distinguishes dis-
positional optimism from unrealistic therapeutic op-
timism, and explains that unrealistic therapeutic op-
timism may impair parents’ ability to ethically pro-
vide consent for their child to participate in a clini-
cal trial. In Jansen’s view, dispositional optimism is
“gthically always tolerable because hope does not
compromise autonomy of a decision to participate
in research.”” She contrasts this with unrealistic
therapeutic optimism, which is a “hope for an un-
likely cure . . . [that] can reduce participants’ au-
tonomy” through its “overestimate[ion] of the like-
lihood or magnitude of medical benefit.”*® What was
the nature of M.M.’s parents’ optimism for M.M.’s
trial? Was it unrealistic? If so, was their proxy deci-
sion making unethical? As previously noted, there
was uncertainty as to how much the drug could con-
tribute to neurocognitive reversal in M.M.’s case. It
was more realistic to think that it would halt fur-
ther neurodegeneration, leading to questions regard-
ing M.M.’s quality of life following the clinical trial,
given her continued impairment.

CONCLUSION

Thus, from the perspectives of equity, clinical
utility, safety, and parental autonomy, it seems that
the FDA’s fast-tracking and ultimate granting of ap-
proval for M.M.’s clinical trial may have been ethi-
cally unjustified—or at least ethically tenuous.
While many of the arguments put forth and many of
the questions raised in this article were driven by
M.M.’s specific neurodegenerative process and her

young age, the emphasis on reassessment of clini-
cal trial approval from numerous ethical standpoints
is warranted more generally as we move into an era
of gene-targeted treatments, in which the possibil-
ity of individualized drug development becomes a
reality. The principle of distributive justice will take
on greater importance in a heavily budget-con-
strained context, as will the necessity to derive clini-
cal utility from n = 1 studies, and the need to appro-
priately monitor drug safety. Emerging studies with
children will need to be evaluated much more sys-
tematically for the reliability of consent made by
surrogate decision makers. Upholding these ethical
standards will allow us to facilitate and propel thera-
peutic advancement.

PRIVACY

To protect her privacy, the patient’s name has been
changed to “M.M.”
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