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Lessons from Recent Phase 3 Trial Failures: Don’t Design Phase 3 Trials Based on
Retrospective Subgroup Analyses from Phase 2 Trials
Philip J. Rosenfeld, MD, PhD - Miami, Florida
William J. Feuer, MS - Miami, Florida
Over the past 2 years, we’ve witnessed the failure of 3 phase
III clinical trials designed to test new treatments for age-
related macular degeneration (AMD).1e3 Although we’ve
seen our fair share of phase II clinical trial failures over the
years, these recent phase III trial failures came as a bit of a
surprise to retinal specialists who have enjoyed a remarkable
string of phase III clinical trial successes over the past
12 years. Although phase III trial failures are unavoidable
for a myriad of reasons in the high-risk drug approval
process, we believe certain phase III clinical trial designs
should be avoided to optimize the likelihood of success.
Upon closer inspection of these 3 failed phase III trials, we
found that they did not adhere to 2 basic rules of drug
development that should provide the best chance of a phase
III trial success. The best chance of success is to design a
phase III clinical trial based on an unambiguously successful
The best chance of success is to design
a phase III clinical trial based on an
unambiguously successful phase II

clinical trial design.
phase II clinical trial design.
However, when the phase II trial
results are equivocal or negative,
there is a temptation to perform
retrospective subgroup analyses
of the phase II trial and then
design the phase III trial based on

a positive retrospective subgroup.4 This should be avoided.
As Pocock and Stone4 write, “we find it hard to think of an
example in which an apparent benefit in a subgroup in a trial
with a negative outcome has led to a confirmation in a
subsequent trial.”

In chronological order, the 3 AMD drugs that met their
demise over the past 2 years were E10030 (Fovista, Oph-
thotech, New York, NY), lampalizumab (Genentech/Roche,
South San Francisco, CA), and OHR-102 (squalamine eye
drop, Ohr Pharmaceutical, New York, NY). E10030, an
inhibitor of platelet-derived growth factor (PDGF), was
studied in combination with inhibitors of vascular endo-
thelial growth factor (VEGF) for the treatment of exudative
AMD.5,6 Both the preclinical and phase I studies supported
the rationale for combining both anti-PDGF and anti-VEGF
therapies to treat neovascularization, and the E10030 phase I
results seemed to support the conclusion that classic-
containing choroidal neovascularization (CNV) in AMD
had the best response to combined anti-VEGF/anti-PDGF
therapy. This was the basis for the phase II clinical trial
design that recruited patients with eyes that had treatment-
naïve classic-containing CNV.5 At first, the phase II study
results reported by Jaffe et al6 seemed to be
unambiguously positive and confirmed the previous phase
I observations, but upon review of the baseline
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demographics in the phase II study, we found an
unexplained imbalance in the baseline lesion sizes within
the 3 randomized treatment groups, as shown in Table 1
of their report.6 The investigators failed to adjust for this
imbalance, and they failed to report the baseline visual
acuities for these 3 groups. Based on these findings and
their use of retrospective subgroup analyses to design their
phase III trials as described below, we suspected that
their phase III studies would fail, and they did
(ClinicalTrials.gov Identifiers: NCT01944839,
NCT01940900, NCT01940887).

In the phase II study of E10030, a total of 449 subjects
were randomized 1:1:1 between 3 monthly treatment arms
that included 0.3 mg E10030 plus ranibizumab (Lucentis,
Genentech/Roche, South San Francisco, CA), 1.5 mg
E10030 plus ranibizumab, and ranibizumab alone. The
https://doi.org/
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primary outcome was the change
in visual acuity at 24 weeks.
After 24 weeks, the visual acuity
outcomes strongly supported a
treatment benefit from the com-
bined use of 1.5 mg E10030 and
ranibizumab compared with
ranibizumab alone, but these study results should have been
called into question by the appearance of the significant
lesion size imbalance at baseline, which became evident to
all after the paper was published (Table 1).6 Although some
trialists recommend against significance tests for
comparison of baseline differences between randomized
groups,7 a substantial imbalance in clinically important
characteristics between groups constitutes a red flag for
the interpretation of study results. We found it unusual
that there was no mention of how this lesion size
imbalance could have affected baseline visual acuities.
Furthermore, there was no reporting of baseline visual
acuities at all in this publication. Because the significance
of this lesion size imbalance was not addressed, and
baseline visual acuities were not reported, there was no
way to assess the impact of these baseline characteristics
on the differences in visual acuity outcomes between
treatment groups at 24 weeks. After all, lesion size and
lesion chronicity could have affected baseline visual acuity
and affected the ability of these eyes to improve their
visual acuity after receiving anti-VEGF therapy. Interest-
ingly, though this imbalance was never addressed in their
2016 publication, it was reported in Ophthotech’s S-1/A
Securities and Exchange Commission filing in September 9,
2013.8 On page 99 of their filing, Ophthotech stated this
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lesion size imbalance at baseline “had the potential to create
a distortion in the analysis of mean change in the area of
CNV.” Although they attempted to adjust for this
imbalance when analyzing the change in CNV lesion area
with treatment, they did not address how this imbalance
might have affected visual acuity outcomes in their
published phase II results.6

Even if the difference in visual acuity outcomes remained
significant after adjusting for this baseline lesion size
imbalance, the study suffered from the fatal use of multiple
retrospective subgroup analyses in their search for best
responders among all the randomized patients. Although
retrospective subgroup analysis is a useful tool for gener-
ating hypotheses about who might benefit most from a
particular therapy, it is best to prespecify these subgroups;
and even when prespecified, investigators should never rely
on these retrospective outcomes as the basis for designing a
subsequent phase III clinical trial.4,7,9e13 Perhaps the best
known critic of retrospective subgroup analyses is Richard
Peto, a statistician at Oxford University, who has been
credited with the quote, “You should always do them
(retrospective subgroup analyses), but you should never
believe them.”14 In short, subgroup analyses can be very
helpful for confirming hypotheses and formulating new
ones for testing in subsequent exploratory trials, but it is
an expensive, high-risk strategy that is prone to failure
when used as the basis for a phase III clinical trial.

An important flaw in the E10030 phase III clinical trial
was that they used a retrospective subgroup analysis to
conclude that eyes with subretinal hyper-reflective material
(SHRM) had the best chance of visual acuity improvement
when treated with E10030 in combination with ranibizu-
mab. SHRM had been associated with highly exudative
neovascular lesions with worse visual prognosis, and they
concluded that this optical coherence tomography feature
could be used as an inclusion criterion in lieu of the phase II
requirement that type 2 or classic neovascularization be
present.15 As a result, they designed the phase III clinical
trial to enroll patients with any exudative AMD as long as
the neovascular lesion contained SHRM as defined by
optical coherence tomography imaging. Thus, they
changed their clinical trial design moving from the phase
II trial, which enrolled classic-containing CNV, to a phase
III clinical trial, which enrolled SHRM-containing CNV
regardless of whether a classic component was present.
Thus, they used the outcome of retrospective subgroup
analyses to justify a change in their inclusion criteria when
recruiting subjects into their phase III clinical trial. Even if
they had performed a multivariable analysis to control for
imbalances in lesion sizes and visual acuities at baseline and
their phase II trial had been positive after this adjustment,
the phase III clinical trial was likely to fail because they
changed their enrollment criteria based on the inappropriate
use of retrospective subgroup analyses as the basis for this
change. They should have run a smaller phase II trial to
confirm the importance of SHRM-containing CNV.

The phase III studies of lampalizumab suffered a fate
similar to that of E10030.2 Lampalizumab was studied for
the treatment of geographic atrophy (GA), and its failure
most likely resulted from the lack of a truly positive phase
2
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II clinical trial outcome and their reliance on a
retrospective subgroup analysis when designing their
phase III trial.16 When planning a trial, designers have 3
parameters under their control to influence the proposed
sample size. These are the magnitude of a clinically
significant treatment effect, the statistical power to detect
this effect, and the statistical significance level that is
required for detection. The most desirable trial design has
a reasonable effect size (not one that is unrealistically
large), a high power (�80%), and a significance level or
alpha error (P value) of 0.05; however, satisfying all of
these conditions may result in a study that requires a large
number of subjects, which is expensive. Therefore, 1 or
more of these criteria may be relaxed in a phase II trial. In
the lampalizumab phase II trial known as MAHALO,
patients with bilateral GA secondary to AMD were
randomized 1:1:1 to receive 10 mg lampalizumab every
month or every other month vs. placebo. At the primary
18-month outcome, the monthly lampalizumab arm
showed a 20% reduction in the mean growth of GA
compared with the sham arm. The P value was 0.117, which
met their prespecified significance level of P < 0.2. In a
phase II clinical trial, investigators can prespecify the
P value at whatever level they deem appropriate, which may
be greater than the usual P ¼ 0.05, but it means accepting a
greater level of risk moving forward to a phase III trial. In
MAHALO, this P value of 0.117 represented a 10% to 20%
risk of an alpha error instead of the usual 5% one. Thus, this
means that a phase III study, even with a sample size based
on a 0.05 significance level and planned with the same
design as the phase II trial, would be undertaken with an
additional risk of failure. However, the investigators were
lulled into complacency by the results of their genetic
subgroup analysis and the scientific rationale they developed
to explain the use of this subgroup. They reported carriers of
the complement factor I (CFI) at-risk allele (CFIþ) showed
a much faster growth rate and a more dramatic treatment
effect from the use of lampalizumab compared with non-
carriers. However, this analysis was based on studying, at
most, 31 of the 123 subjects randomized into their study.
Although the lampalizumab treatment effect in the CFIþ
subgroup showed a 54% reduction (P ¼ 0.004) in the
growth of GA compared with sham, this represented a
retrospective subgroup of a prospectively randomized pop-
ulation, and these results should have been used as the basis
for a smaller hypothesis-testing proof-of-concept study
before its use in a large phase III clinical trial. Of note, the
best test of whether lampalizumab reduced lesion growth
more in CFIþ patients than in CFI� patients was the test of
treatment-by-CFI interaction, which showed a P value of
0.014 and not the more impressive P value of 0.004 that was
based on the CFIþ subgroup in isolation. Another strategy
they could have used to test the validity of their genetic
subgroup results would have been to study the growth rate
of GA in this genetic subgroup without treatment just to see
if these lesions actually grew faster. Of note, several studies
have since analyzed the effect of CFIþ carrier status on the
growth rate of GA, and none of these studies has confirmed
the more rapid growth rate reported in the MAHALO sub-
group analysis.17e21 Not surprisingly, the CFIþ growth rate
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results and the lampalizumab treatment effect results from
these retrospective subgroup analyses were not reproduced
in the phase III clinical trial.2

Based on the phase II MAHALO study with its marginal
P value and the results of their retrospective subgroup
analysis, Genentech moved forward with 2 large random-
ized, multicenter clinical trials investigating lampalizumab
(10 mg) every month or every 6 weeks compared with sham
for the treatment of GA (ClinicalTrials.gov Identifiers:
NCT02247531, NCT02247479).2 Together, the Spectri and
Chroma studies enrolled more than 1800 participants in
more than 275 sites in over 20 countries. The plan was to
perform a subgroup analysis of the CFIþ population at
1 year and determine if the MAHALO results could be
reproduced. However, at 1 year, the results could not be
reproduced and trials were stopped. Although these
outcomes were disappointing, they served as yet another
example of how a retrospective subgroup analysis should
not be used to design a phase III clinical trial, especially
when it cannot be reproduced by other independent studies.

Finally, Ohr Pharmaceuticals pursued the use of topical
squalamine for the treatment of exudative AMD. In their
phase II clinical trial, they enrolled all types of treatment-
naïve neovascular lesions, and patients were randomized to
receive a ranibizumab injection at baseline followed by
OHR-102 eye drops twice a day or vehicle drops twice a day
(ClinicalTrials.gov Identifier: NCT01678963). All patients
then received as-needed monthly injections of ranibizumab.
After 36 weeks, there was a trend toward better visual acuity
among the subjects receiving OHR-102, but when pre-
specified subgroups were analyzed, a greater visual acuity
benefit was observed in eyes with classic-containing lesions
and eyes with any occult CNV measuring less than
10 mm2.22 Based on the positive visual acuity outcomes in
the subgroup with any occult CNV measuring less than
10 mm2, a phase III trial was designed to study this
retrospective subgroup (ClinicalTrials.gov Identifier:
NCT02727881). Once again, a phase III clinical trial
design based on a retrospective subgroup analysis failed.3
Two Basic Recommendations for the
Design of a Phase III Clinical Trial

To minimize the risk and optimize the likelihood of success
in a phase III clinical trial, we encourage all investigators to
adhere to the following recommendations. One good rule to
follow, which seems obvious but is frequently ignored, is
the recommendation that if a phase II clinical trial is
unambiguously positive, then the same core clinical trial
design should be used in the subsequent phase III clinical
trial. Investigators often want to improve upon the phase II
primary outcome measure, and this is where they get into
trouble with retrospective subgroup analyses. When trying
to improve on a positive phase II study before moving into a
phase III study or when trying to salvage a failed phase II
study in the hope of moving directly into a phase III study, it
is never a good idea to use the positive result from a
retrospective subgroup analysis as the basis for a phase III
clinical trial design. Although it is even possible to go
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directly from a phase I clinical trial to a phase III trial, it is a
high-risk proposition, with failure being the likely outcome.
Though we embrace subgroup analyses as a way to help
design future studies and identify populations that may
benefit the most from a particular therapy, the results from
subgroup analyses must be validated by performing another
phase II prospective, randomized clinical trial before mov-
ing into a larger phase III registration trial. Although this
extra step takes more time and more money, it also avoids
wasting still more money and time when the phase III study
fails, and it avoids putting patients at unnecessary risk
during the trial. Even though critics might argue that we are
using 20/20 hindsight in offering these recommendations
now that the results are known, the basic concerns and
recommendations we discuss here are well known among
clinical trialists across medicine.4 After all, to the best of our
knowledge, in ophthalmology there has never been a
successful phase III clinical trial resulting in an approved
drug that has been based on a retrospective subgroup
analysis from a failed phase II clinical trial.
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