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Background: Repository corticotrophin injection (RCI, Acthar
Gel) and intravenous methylprednisolone (IVMP) improve the
rate but not the extent of visual recovery following acute optic
neuritis. RCl has adrenal-stimulating and melanocortin
receptor-stimulating properties that may endow it with unique
anti-inflammatory properties relative to IVMP.

Methods: Individuals with acute optic neuritis of less than 2
weeks duration were prospectively enrolled and randomized
1:1 to receive either RCI or IVMP. Peripapillary retinal nerve
fiber layer (pPRNFL) and ganglion cell plus inner plexiform
layer thickness (GC + IPL) were serially evaluated by OCT. In
addition, patient-reported outcomes (PROs) for changes in
fatigue, mood, visual function, depression, and quality of
life (QOL) were measured, and high and low contrast visual
acuity were recorded.

Results: Thirty-seven subjects were enrolled (19 RCI; 18
IVMP); the average time from symptom to treatment was
8.8 days. At 6 months, there was no difference in the pri-
mary outcome: loss of average pRNFL thickness in the
affected eye (RCl vs IVMP: —13.1vs —11.7 pm, P = 0.88)
6 months after randomization. Additional outcomes also
showed no difference between treatment groups: 6-month

attenuation of GC + IPL thickness (RCI vs IVMP: —13.8 vs
—12.0 pm, P = 0.58) and frequency of pRNFL swelling at 1
month (RCI vs IVMP: 63% vs 72%, P = 0.73) and 3 months
(RCI vs IVMP: 26% vs 31%, P = 0.99). Both treatments re-
sulted in improvement in visual function and PROs.
Conclusions: Treatment of acute optic neuritis with RCI or
IVMP produced no clinically meaningful differences in optic
nerve structure or visual function.
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dministration of high-dose corticosteroids is the recom-
mended treatment for acute optic neuritis,! Corticotro-
pin or high-dose intravenous solumedrol accelerate visual
recovery but do not improve long-term visual outcomes.?
Although the anti-inflammatory and immunosuppressive
effects of corticosteroids are broad,* corticotropin possesses
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immunomodulatory effects that extend beyond its ability to
promote the synthesis and release of glucocorticoids through
the hypothalamic—pituitary—adrenal axis. Through its bind-
ing to multiple melanocortin receptor (MCR) subtypes,
corticotropin may modulate adaptive and innate immune cell
activity’ and promote axonal sprouting and outgrowth.®

Optical coherence tomography (OCT) is a sensitive and
reproducible method for measuring optic nerve and retinal
injury. Both peripapillary retinal nerve fiber layer (pPRNFL) and
ganglion cell plus inner plexiform layer (GC + IPL) thinning
can be detected weeks after optic neuritis and become fully
manifest by 6 months.”® In addition, in the setting of acute
optic neuritis, pRNFL thickening, presumably from post-
inflammatory axoplasmic stasis, is evident in recendy affected
eyes and may persist for up to 3 months.? The aim of this study
was to use serial OCT to determine whether there are measur-
able anti-inflammatory and/or neuroprotective effects that dis-
tinguish repository corticotrophin injection (RCI) from high-
dose IV methylprednisolone for the treatment of acute optic
neuritis and whether such differences are subsequently manifest
clinically in validated patient-reported outcomes.

METHODS
Study Design

We performed a multicenter, randomized active control
phase 4 trial involving 3 academic US hospital centers
(University of Colorado, University of Texas Southwestern,
and University of Pennsylvania). Local institutional review
board approval was provided at each site, and the study was
conducted in accordance with the provisions of the Interna-
tional Conference on Harmonization Guidelines for Good
Clinical Practice. The study is registered with ClinicalTrials.
gov (NCT01838174).

Participants

We enrolled adult patients (18-55 years old, inclusive) with a
clinical diagnosis of unilateral acute demyelinating optic neu-
ritis within 14 days of symptom onset (vision loss, eye pain,
pain on movement, or color vision impairment). The diag-
nosis of optic neuritis was made by the referring physician
and did not require additional MRI and clinical confirma-
tion. The qualifying episode of optic neuritis needed to be
the first clinical episode of optic neuritis in the affected eye.
Exclusion criteria related to the diagnosis of optic neuritis
included (1) bilateral clinical optic neuritis or (2) severe disc
edema, no light perception vision, lack of pain, hemorrhage,
retinal exudates, or optic atrophy in the affected eye. A study
protocol is available at ClinicalTrials.gov (NCT01838174).

All participants submitted written informed consent.

Randomization and Masking

Participants were randomized (1:1) in an unmasked fashion
to receive either repository corticotropin injection (RCI,
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Acthar Gel, Mallinckrodt Pharmaceuticals, Bridgewater,
NJ) or intravenous methylprednisolone (IVMP). The ran-
domization sequence was generated by computer at the
University of Colorado and assigned to subjects without
stratification or minimization factors. All sites locally
enrolled patients.

Procedures

RCI was administered subcutaneously: 80 units (U) daily
for 5 days followed by 40 U daily for 10 days. IVMP (1,000
mg) was administered intravenously daily for 3 days
followed by 11 days of oral prednisone (60 mg daily).
Instructions for SQ RCI administration were provided by
the investigator, and the first injection was observed on site.
IVMP was provided either at the patient’s home by home
health agency nurse or through a local infusion center. No
other immunosuppressants were permitted during the 6-
month study period; however, those participants with mul-
tiple sclerosis (MS) or subsequently diagnosed with MS
were allowed to continue, alter, or initiate disease modifying
therapy beginning 12 weeks after enrollment at the discre-
tion of their treating physician (Table 1).

Study visits were conducted at months 0 (within 2 weeks
of optic neuritis onset), 1, 3, and 6. Each visit included
testing of high-contrast (HCVA, Early Treatment Diabetic
Retinopathy Study charts) and low-contrast (LCVA, Sloan
2.5% and 1.25% letter acuity charts) visual acuity, color
vision testing (Farnsworth D-15), and spectral domain (SD)
OCT of the optic disc and macula. Furthermore, Modified
Fatigue Impact Scale (MFIS), Beck Depression Inventory
(BDI), 25-Item National Eye Institute Visual Function
Questionnaire and 10-item supplement Neuro-ophthalmic
Supplement (NEI-VFQ-25 + NOS-10), and the Multiple
Sclerosis Quality of Life 54-item questionnaire (MSQOL-
54) were administered. Automated perimetry (30-2 Thresh-
old Test, SITA-Standard) was performed at months 0 and
6. SD OCT images of the optic disc (Optic Disc Cube 200
X 200) and macula (Macular Cube 512 X 128) were ob-
tained using a Cirrus device (Carl Zeiss Meditec, Dublin,
CA; Software version 7.0.1.290), and pRNFL and GC +
IPL thicknesses were measured using the ONH and RNFL
Analysis and Ganglion Cell Analysis packages. Swelling of
the pRNFL was defined as any quadrant or sector with an
affected/contralateral thickness eye ratio =1.1.7

Outcomes

Outcomes and adverse events were evaluated in an
unblinded manner. The primary outcome was the differ-
ence in the mean pRNFL thickness in the affected eye at 6
months minus the mean pRNFL thickness in the contra-
lateral eye at baseline adjusted for the baseline mean pRNFL
thickness of the contralateral eye. The secondary outcome
was the frequency of optic nerves with RNFL swelling at 1
and 3 months. Tertiary exploratory outcomes included (1)

Bennett et al: /] Neuro-Opbthalmol 2023; 43: 323-329


http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov

Original Contribution

the difference in the mean GC + IPL thickness in the
affected eye at 6 months minus the mean GC + IPL thick-
ness in the contralateral eye at baseline adjusted for the
baseline mean GC + IPL thickness of the contralateral eye
and (2) fatigue, mood, visual acuity, and quality of life in
patients as measured by MFIS, BDI, HCVA, 2.5% and
1.25% LCVA, NEI-VFQ-25 + NOS-10, and the
MSQOL-54.

Adverse events were assessed by the investigator for
severity, relationship to study treatment, and potential
cause. All adverse events were evaluated by the local
investigator for criteria of a severe adverse event. Since both
active arms used approved therapies for acute optic neuritis,
there was no data safety monitoring board. If and when it
was necessary, appropriate medical care was provided for all
adverse events.

Statistical Analysis

Initial sample size calculations were based on the primary
endpoint, considering a 50% treatment difference (esti-
mated mean pRNFL thicknesses of 77.9 and 85.8 pm;
standard deviations 13 and 8.3 wm), a 2-sided alpha of
5%, and a power of 80%. To assess the average difference
in pRNFL and GC + IPL thickness losses between treat-
ment groups at 6 months after treatment, linear regression
models were fitted with the outcome as the difference in
baseline fellow eye thickness minus 6-month affected eye
thickness. Baseline fellow eye thickness and study center
were included as covariates in these models. The presence
of pRNFL swelling for each subject at each timepoint was
defined as the ratio of affected eye pRNFL thickness to
fellow eye pRNFL thickness ratios greater than 1.1 in any
quadrant or sector. Differences in frequency of pRNFL
swelling between treatment groups at each timepoint were
assessed using the Fisher exact test. VF-25 + NOS-10 com-
posite scores,' MFIS scores,!! MSQOL-54 scores,'? and
Beck Depression Inventory scores'? were calculated and
assessed between treatment groups at all timepoints sepa-
rately using the Wilcoxon rank-sum test. Differences in
high-contrast visual acuity (HCVA) and low-contrast visual
acuity (LCVA) among treatment groups between baseline
and 6 months were assessed using the Wilcoxon signed-rank
test, and the differences in improvement in HCVA and
LCVA between baseline and 6 months between treatment
groups were assessed using the Wilcoxon rank-sum test. All
analysis was performed using R version 4.0.2.

RESULTS

Subject Characteristics

From October 2013 to October 2020, 38 subjects were
screened at 3 participating sites in the United States. Thirty-
seven subjects were enrolled; 19 were randomized to receive
RCI, and 18 were randomized to IVMP (see consort
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diagram in Supplemental Digital Content, http://links.
Iww.com/WNO/A693). Recruitment was halted in August
2021, before reaching the planned enrolment of 60 sub-
jects, due to challenges posed by the COVID pandemic.

Of the 37 subjects assigned to either RCI or IVMP, 19
(100%) and 17 (94-4%), respectively, were included in the
study analyses. Thirty-six (97-2%) subjects completed the
6-month study protocol; 1 patient was lost to follow-up
before month 3, whereas a second patient missed the month
3 visit but returned for the final month 6 visit. Most sub-
jects were women (n = 27, 73-0%) with no history of MS
(n = 24, 64-9%); 4 subjects had a history of optic neuritis
in the fellow eye. Subject age, baseline acuity in the affected
eye, and the average time from symptom onset to treatment
did not differ between treatment groups (Table 1).

Baseline clinical and laboratory data were available for 31
subjects. 30/31 subjects had a relative afferent pupillary defect
(RAPD) in the affected eye; the subject without a RAPD had
suffered prior optic neuritis in the fellow eye. 29/31 subjects
had a clinical MRI of the orbits, and 28/29 subjects had MRI
confirmation of their optic neuritis. 26/31 subjects were
tested for serum AQP4-IgG, and 10/31 subjects were tested
for serum MOG-IgG. No subjects were seropositive for
AQP4-IgG; however, 2 subjects were seropositive for MOG-
IgG. One subject had a high dter (1:100), was diagnosed
with myelin—oligodendrocyte glycoprotein—associated disease
(MOGAD), and randomized to corticotrophin. The second
subject had a low, nondiagnostic, titer of 1:20 and was
subsequently diagnosed with MS.

Efficacy

The study did not meet the primary endpoint. There was no
clinically relevant difference between the treatment groups in
the mean pRNFL thickness at 6 months between the affected
eye and the baseline contralateral eye (mean [SD]: —13-1
[15-5] vs =117 [12+0] wm, P = 0-88). Similarly, there was
no difference between treatment groups in the GC + IPL
thickness (wm) when comparing the affected and baseline
contralateral eye (mean [SD]: —13-8 [10-7] vs —12-0
[12-4] pm, P = 0-58) (Table 2). The frequency of eyes with
RNFL edema was not different berween the treatment
groups at any time point, either at the inception of our
ascertainment or during the recovery period (Table 2).

We evaluated HCVA, LCVA, and multiple patient-
reported outcomes: VE-25 + NOS-10, MFIS, BDI, and
MSQOL-54. HCVA, 2.5% LCVA and 1.25% LCVA sig-
nificantly improved from baseline in the affected eye of the
RCI and IVMP treatment groups; however, there was no
difference in the level of improvement in the visual acuity
between treatment groups (Table 3). There were no differ-
ences between RCl-treated and IVMP-treated subjects in
any patient-reported outcomes: VFQ-25 + NOS-10, MFIS,
MSQOL-54, and BDI (Fig. 1). VFQ-25 + NOS-10

improved to a similar extent with both treatments.
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TABLE 1. Summary of demographic and baseline data

Overall, n (%) RCI, n (%) IVSM, n (%) P
37 19 (51.35%) 18 (48.65%)
Female, n (%) 27 (73.0%) 15 (78.9%) 12 (66.7%) 0.48*
Age (y)
Mean (SD) 34.9 (7.2) 36.0 (5.5) 33.8 (8.7) 0.237
Median 34.2 35.8 33.0
Time from symptom onset to treatment (d)
Mean (SD) 8.8 (3.2) 8.5 (2.8) 9.1 (3.7) 0.687
Median 8 8 9
Baseline affected eye HCVA score
Mean (SD) 23.5 (22.7) 22.9 (24.3) 24.0 (21.7) 0.767F
Median 22.0 17.0 22.0
Previous MS diagnosis, n (%)
Yes 7 (18.9%) 3 (15.8%) 4 (22.2%) 0.69*
No 24 (64.9) 13 (68.4) 11 (61.1%)
Prior optic neuritis fellow eye, N (%)
Yes 4 (10.8) 2 (10.5) 2(11.1) 0.99*
No 33 (89.2) 17 (89.5) 16 (88.9)

*Fisher exact test.
TWilcoxon rank-sum test.

HCVA, high-contrast visual acuity; IVMP, intravenous methylprednisolone; MS, multiple sclerosis; RCI, repository corticotrophin injection.

Safety

Adverse events were reported by 71% of subjects receiving
RCI and 61% of subjects receiving IVMP. The majority
were rated as mild (RCI: 95% and IVMP: 79%). The most
frequently reported adverse events were injection site
reactions (RCIL: 42%), insomnia (RCI: 26%; IVMP:
17%), and dyspepsia (RCIL: 21%; IVMP: 22%). There

were no serious adverse events.

DISCUSSION

Corticotrophin binding to MCRs may affect neuroinflam-
mation by modulating steroidogenesis, peripheral immune
cell functioning, and CNS neuroprotection and repair.’
Corticotrophin and analogs of alpha-melanocyte stimulat-
ing hormone have been shown to inhibit experimental auto-
immune encephalomyelitis and experimental autoimmune
uveitis in rodents.'*!> In addition, corticotrophin and
MCR agonists have protected oligodendrocytes in vitro
from cell death after oxidative, apoptotic, and excitotoxic
stress.!©

We sought to determine whether corticotrophin signal-
ing through MCRs can provide additional therapeutic
benefits when compared with IVMP. In the current study,
we compared 2 approved agents, RCI and IVMP, for the
treatment of acute optic neuritis. Both treatment arms
demonstrated significant recovery of HCVA and LCVA,
and no differences were noted in the extent of pRNFL and
GC + IPL thinning at 1, 3, and 6 months after vision loss.
Similarly, no difference in the fraction of eyes with pRNFL
thickening (i.e., edema) was observed at any timepoint.
Patient-reported outcomes of visual function, quality of life,
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and depression during the 6-month recovery period were
also indistinguishable across the 2 treatment arms. The fre-
quency of adverse events was not different between treat-
ment groups, although reporting may have been affected by
the open label and unblinded design.

The trial was discontinued before reaching planned
enrollment. Although underpowered for detecting small
differences in OCT outcomes, pRNFL and GC + IPL mea-
sures were markedly similar between the treatment arms
(Table 2), while using high speed, high-definition SD-
OCT, a retinal imaging paradigm characterized by a low
test-retest variability (i.e., low coefficient of variation).
Given the similar OCT outcomes noted in the current trial,
we calculated sample group sizes for future 1-sided non-
inferiority studies for the primary outcome of pRNFL
thickness at 6 months. For a margin of equivalence of
8 uM (10% of the mean value of the current study), group
sample sizes of 51 achieve 80% power to detect noninfer-
jority using a 1-sided, 2-sample 7 test using a 0.025 alpha
level. The margin of equivalence in the current trial was
limited to 15 pM.

Recent clinical trials have evaluated whether the addition
of phenytoin or erythropoietin to IVMP lessens pRNFL loss
after acute optic neuritis.!”*!® The reduction in the mean
pRINFL thickness observed in the RCI and IVMP treatment
arms of the current trial are quite similar to those observed
in the placebo group of the
(1465 pM)!'” and the combination therapy group (phe-
nytoin plus IVMP) of the phenytoin trial (16-69 wM).!®
The mean pRNFL thickness loss observed in the placebo
arm of the phenytoin trial (23-79 wM) was more extensive
than in other studies and may have exaggerated the

erythropoietin  trial
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TABLE 2. Optical coherence tomography measures of pRNFL thickness, GC + IPL thickness, and pRNFL swelling

RCI IVSM P
Baseline 1 mo 3 mo 6 mo Baseline 1 mo 3 mo 6 mo
Mean (SD) or n (%) (n=19) (n=19) (n=19) (n=19) (n=18) (n=18) (n =16) (n=17) Baseline 1 mo 3 mo 6 mo
Affected eye pRNFL 112.0 (31.2) 98.2 (17.3) 80.3 (17.0) 78.8 (15.9) 125 (63.2) 93.4 (12.2) 80.3 (12.7) 78.6 (12.5) 0.33* 0.31* 0.75* 0.98*
thickness (um)
Difference in affected and 20.7 (29.3) 7.16 (13.2) —10.7 (14.6) —13.1(15.5) 35.0(61.4) 3.33(8.82) —9.69 (11.6) —11.7 (12.0) 0.261 0.291 0.90f 0.88ft
baseline contralateral pRNFL thickness (um)
Affected eye GC + IPL 76.5 (9.42) 66.7 (8.64) 63.8 (9.56) 65.9 (11.2) 76.9 (15.5) 70.3 (9.92) 68.6 (11.6) 67.4 (11.5) 0.97* 0.36* 0.28* 0.65*
thickness (um)
Difference in affected and —1.8 (8.7) —11.5 (9.5) —14.5 (11.0) —13.8(10.7) -—2.1(13.7) —8.7(10.4) -10.4(12.1) -12.0(12.4) 0.99% 0.31F% 0.25F% 0.58%
baseline contralateral GC + IPL
thickness (um)
Frequency of pRNFL swelling§ 17 (89.4%) 12 (63.2%) 5 (26.3%) 4 (21.1%) 12 (66.7%) 13 (72.2%) 5 (31.3%) 4(28.6%) 0.12| 0.73]| 0.99] 0.99|

*Significance assessed using linear regression controlling for study center.
TSignificance assessed using linear regression controlling for baseline contralateral eye RNFL thickness and study center.
Significance assessed using linear regression controlling for baseline contralateral eye GC + IPL thickness and study center.
SNumber of subjects with pRNFL thickness in any quadrant or sector with an affected/contralateral eye ratio =1.1.
IFisher exact test for count data.
GC + IPL, ganglion cell plus inner plexiform layer; IVMP, intravenous methylprednisolone; mM, microns; pRNFL, peripapillary retinal nerve fiber layer; RCI, repository corticotrophin injection.

TABLE 3. High-contrast (HCVA) and low-contrast (LCVA) visual acuity

RCI IVSM .
Between-Group Comparison of Improvement

Mean (SD) Baseline 6 mo Improvement* Pt Baseline 6 mo Improvement* Pt P¥
Affected eye

HCVA 229 (24.3) 51.4(12.3) 28.5(18.3) <0.01 24.0 (21.7) 49.7 (21.8) 27.9(23.4) <0.01 0.90

1.25% LCVA 0.0 (0.0) 8.4 (11.3) 8.4 (11.3) 0.02 1.5(5.7) 7.6 (11.5) 7.6 (11.5) 0.02 0.89

2.5% LCVA 2.1(49) 188 (15.0) 16.7(13.6) <0.01 2.7(9.3) 17.6(14.2) 17.1(14.7) <0.01 0.98
Fellow eye

HCVA 51.5 (5.8) 53.9 (7.7) 2.4 (5.9) 0.16 56.6 (9.4) 62.4(5.1) 6.1 (8.6) 0.01 0.21

1.25% LCVA 14.4 (9.2) 15.4 (8.3) 0.9 (7.5) 0.84 19.1 (11.3) 19.9 (10.7) 1.2 (9.7) 0.22 0.44

2.5% LCVA 28.2 (6.8) 29.3(10.0) 1.1 (9.9) 0.66 31.5(13.1) 33.9 (10.3) 3.0 (14.4) 0.09 0.44

*lmprovement calculated as the 6-month score minus baseline score.

Tpvalue for differences among groups calculated using the Wilcoxon signed-rank test.

fPvalue for difference between groups calculated using the Wilcoxon rank-sum test.
IVMP, intravenous methylprednisolone; RCI, repository corticotrophin injection.
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FIG. 1. Box plots of the median and interquartile range for the scores of the (A) 25-item National Eye Institute Visual Function
Questionnaire and 10-item supplement Neuro-ophthalmic Supplement (NEI-VFQ-25 + NOS-10), (B) Modified Fatigue Impact
Scale (Total MFIS), (C) Multiple Sclerosis Quality of Life 54-item questionnaire (total MSQOL-54 score), and (D) Beck
Depression Index score for each treatment arm at 0, 1, 3, and 6 months. Dashed lines represent the upper bound of possible
scores. The highest possible score for the Beck Depression Index is 63 (not shown).

neuroprotective effect of the sodium channel blocker.!8
Indeed, in a follow-up study, there was no difference at 6
months between the mean serum concentration of neuro-
filament heavy chain and neurofilament light chain proteins
between treatment groups, and there was no correlation
between the concentration of the serum neurofilament
markers and OCT metrics.'?

Treatment with RCI or IVMP resulted in no differences
in clinical or patient-reported outcomes in the current
study. Given the excellent visual recovery observed in the
placebo group of the Optic Neuritis Treatment Trial,? it is
not surprising that differences in HCVA and LCVA were
not evident. Furthermore, it was encouraging to observe
that patient-reported measures of visual function, fatigue,
quality of life, and depression were also indistinguishable
among 2 approved and conventional treatment protocols
for acute ON. The results indicate that both IVMP-
treated and RCl-treated patients should expect similar rates
and extent of visual recovery.

The rates of adverse events were comparable; dyspepsia was
frequently reported in both treatment groups, and injection
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site reactions and insomnia were the most frequently reported
adverse event associated with RCI treatment.

This is the first clinical trial that we know of to compare 2
registered and standard-of-care treatments for acute optic
neuritis. Although the power of the study was limited by
curtailed enrollment, the overlapping structural and clinical
outcomes indicate that potential additional ant-
inflammatory and neuroprotective features of corticotrophin
signaling in acute optic neuritis are likely to be modest when
compared with high-dose intravenous methylprednisolone.
Another potential study limitation was the inclusion of
subjects with prior ON in the contralateral eye. In these
subjects, the measured pRNFL and GC + IPL loss in the
affected eye will be limited by the extent of prior thinning in
the fellow eye. Since only 2 subjects in each treatment group
had prior contralateral ON, the effect is likely to be small.

Differences between RCI and IVMP may be evident for
rarer causes of acute optic neuritis (e.g., aquaporin-4-IgG
seropositive neuromyelitis optica spectrum disease or
MOGAD)?° or with more rapid treatment.?! Although
only a single MOGAD optic neuritis patient was enrolled
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in this study, the low number may have been the result of
exclusion criteria (bilateral optic neuritis and severe disc
edema or hemorrhage) and the limited availability of com-
mercial MOG-IgG testing. Nevertheless, the data from
our trial may be helpful in powering future studies aimed
at the identification of therapeutic and neuroprotective
agents while using a common signature syndrome for
acute ON as a template from which to detect and monitor
treatment effects. The outcomes derived from 2 different,
albeit effective interventions for acute ON serves to sup-
port the construct validity of using a commonly occurring
and eloquent inflammatory demyelinating syndrome. Dis-
covery innovation, such as our employment of acute ON,
provides further evidence to support the contention that
the anterior visual network can serve as a “high-through-
put” and vertically integrated neuroscience system. We
hypothesize that such a system can be instrumental for
interrogating the pathobiology of a variety of neuroimmu-
nologic and neuroinflammatory disorders with prospects
whereby the translation of newly elucidated mechanisms
of disease will lead to the rational design of clinical trials
that focus on “precision medicine” whereby we can ulti-
mately treat each individual patient, in conjunction with
their specific working diagnosis, individually.
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