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Abstract

The complexity of chronic graft-versus-host disease (GVHD) and the lack of fully developed research
methods have made it difficult to design, conduct, and analyze clinical trials involving subjects with this
disease, even when promising treatment options are available. Recommendations from the 2006 Clinical
Trials Working Group Report remain as pertinent and as important as they were when the report was
written, but subsequent experience has identified significant gaps and opportunities for further
improvement. Major issues addressed in this report include the definition of eligibility criteria, the
development, validation and selection of primary and secondary endpoints, the establishment of
benchmarks that could be used to set the null hypothesis for the primary endpoint in single-arm studies,
and the mapping of development paths that could support regulatory review. Development of a
standardized, validated clinical scale for measuring global response is an urgent unmet need in the field.
Attention to standards required for regulatory review and approval could improve the design, conduct,
documentation, reporting and interpretation of studies that are not intended for regulatory review.

The opinions expressed here are those of the authors and do not represent the official position of the
National Institutes of Health, US Food and Drug Administration, or the US Government.



Introduction

The complexity of chronic GVHD and the lack of fully developed research methods have made it difficult
to design, conduct, and analyze clinical trials involving subjects with this disease, even when promising
treatment options are available. The 2006 Clinical Trials Working Group Report® offered several
important recommendations for investigators as an approach for overcoming these obstacles. It was
agreed that clinical trials in chronic GVHD should adhere to principles of good trial design and practice.
Inclusion and exclusion criteria should allow as many subjects to participate as possible without
compromising the interpretation of results. Pre-enrollment assessment of chronic GVHD characteristics
should be standardized. The protocol should provide clear guidance about administration of study
medication and other interventions. Methods of assessing response should be defined and validated in
advance. Efficacy endpoints should be selected to reflect clinical benefit. Expert biostatistical support is
needed to ensure the validity and reliability of trial results. It was anticipated that the use of consistent
standards in clinical trial designs to evaluate agents that have activity in pathogenic pathways could
facilitate advances in the treatment of chronic GVHD.

Work during the past decade since the NIH Consensus Conference in 2004 has yielded improvements in
the precision and accuracy of criteria for the diagnosis and staging of chronic GVHD, the interpretation
of histopathology, the discovery and validation of biomarkers for diagnostic and prognostic applications,
and supportive care for patients with chronic GVHD. These results as summarized in previous reports
from the 2014 NIH Consensus Conference have set the stage for much needed progress in the definition
of response criteria and the design considerations to be applied in clinical trials testing the efficacy and
safety of products for treatment of chronic GVHD. Progress toward the development of response
criteria has been described in a separate report. The current report is focused on considerations for the
design of clinical trials.

While the original recommendations from the 2006 Clinical Trials Working Group Report were broad-
based and grounded in good clinical practice, opportunities remain for further improvement. This report
addresses the definition of eligibility criteria, the development, validation and selection of primary and
secondary endpoints, the establishment of benchmarks that could be used to set the null hypothesis for
the primary endpoint in single-arm studies, and the mapping of development paths that could support
regulatory review for market approval. Lessons gained from mapping development paths for regulatory
review could also be applied in order to improve the design, conduct, documentation, reporting and
interpretation of studies that are not intended for regulatory review.

Background

Development of more effective treatments for chronic GVHD is an urgent unmet clinical need. No
products have regulatory approval for this indication. Regulatory applications are most likely to come as
new indications for approved products, but in certain cases, they could also come as new products for
the specific indication of chronic GVHD. The numbers of patients available for enrollment in clinical
trials evaluating products for treatment of chronic GVHD is limited. In the U.S., approximately 8,000
allogeneic hematopoietic cells transplants are now done each year.> Among these, at least 35% would



be expected to develop chronic GVHD requiring systemic treatment,? such that the total incidence is
approximately 3,000 per year. Based on reported rates of survival, recurrent malignancy and withdrawal
of immunosuppression after resolution of chronic GVHD,* the total prevalence in the U.S. is estimated at
less than 10,000.

To date, results from eight randomized trials for treatment of chronic GVHD have been published,‘r"12 but
none of these studies demonstrated superiority of the investigational arm. Much of the published
literature has suffered from the absence of any true benchmarks that would enable an informed
statistical design in studies of treatment for chronic GVHD.® Instead, results focus on response rates
assessed by often poorly defined criteria, under the premise, but not the evidence, that no responses
would have occurred in the absence of the investigational treatment. This premise might not be true,
especially if the prior trajectory of the disease and the effects of other elements in the treatment
regimen are taken into account. These include changes in the doses of steroid, calcineurin inhibitors or
sirolimus and addition of topically active agents implemented at the same time when the investigational
treatment was started or at any time after enrollment but before the assessment of response.

Guidelines and standards emerging from established development paths could improve the quality of
studies by academic sponsors even if these studies are not intended to support regulatory review. Most
trials are likely to have Phase | or Il designs to test previously approved products for the new indication
of steroid-refractory GVHD, sometimes focused on a specific manifestation, as exemplified in current
studies for treatment of ocular (NCT01616056) and pulmonary involvement (NCT01307462). Advances
are likely modest, but results could nonetheless lead to incremental improvements for patient care.

Goals of Treatment for Chronic GVHD

Treatment of chronic GVHD is intended to produce a sustained benefit by reducing symptom burden,
controlling objective manifestations of disease activity and preventing damage and disability, without
causing disproportionate toxicity or harms related to the treatments themselves. The long-term goal of
GVHD treatment is the development of immunological tolerance, indicated by successful withdrawal of
all immunosuppressive treatment without recurrence or clinically significant exacerbation of disease
manifestations. It is not known whether currently available immunosuppressive products can provide a
benefit of this type in patients with chronic GVHD, since few, if any, are known to induce tolerance.
Even if they do not shorten the time to develop immunological tolerance, however, immunosuppressive
products could provide clinical benefit if they reduce symptom burden, control disease activity and
prevent damage and disability more effectively, while causing no greater burden of adverse effects than
currently available treatments. Alternatively, immunosuppressive products could provide clinical
benefit if they are equivalently effective with respect to currently available treatment but cause a lesser
burden of adverse effects.

Eligibility Criteria
Well-defined eligibility criteria are needed for all trials. Inclusion criteria depend on the specific medical

indication for treatment. For chronic GVHD treatment trials, the possible indications include global
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systemic effect, specific systemic effect such as fibrosis, or local effect on specific organs such as
pulmonary disease. Exclusion criteria have several purposes, including the protection of patients who
could be harmed by participation in the study and elimination of factors that could confound the
interpretation of results. At the same time, the eligibility criteria should be designed so that the
enrolled patients are representative of patients with the indication.

Patients can be enrolled in clinical trials either with or without the medical necessity of a treatment
change. Enrollment in primary and secondary systemic treatment trials is motivated by the immediate
need to relieve symptoms, control disease activity, prevent damage and disability, and if possible,
promote tolerance induction. New onset of chronic GVHD prompts the need for primary treatment, and
unsatisfactory response to previous treatment prompts the needs for secondary treatment. In
secondary treatment trials, the minimum dose and duration of prior treatment and the severity or
trajectory of worsened disease manifestations must be defined and documented. Standardized
definitions would facilitate comparisons between results of different studies. It is also possible that
patients with stable manifestations of chronic GVHD could enroll in clinical trials in the absence of any
immediate need for a treatment change. The eligibility criteria for such studies would require
longitudinal assessment and documentation of symptom burden, disease activity and damage across
some minimum time interval in order to demonstrate that manifestations of the disease were truly
stable.

The role of biomarkers in defining eligibility for clinical trials has not been established. Validated
biomarkers that reliably reflect the severity of chronic GVHD manifestations or predict the likelihood of
response to treatment would be very useful in the design and conduct of clinical trials. Objective
laboratory-based biomarkers measured with standardized assays would be very useful in comparing the
baseline characteristics of patients enrolled in different studies.

Controlled Designs

Adequate and well-controlled studies of investigational products intended for systemic control of
chronic GVHD in patients who need an immediate treatment change are feasible. In such a study, one
arm would receive the investigational product, and the other arm could receive any other treatment
considered within the scope of usual practice, since no standard of care has been established for this
indication. Blinded trial designs would be optimal but are not always feasible. Open label trials could be
conducted, but highly robust, objective response endpoints would be needed for regulatory review.
“Add-on” designs are appropriate for studies of first-line treatment. In such a study, one arm could
receive the investigational product plus conventional treatment, and the other arm would receive
conventional treatment alone. No precedent has been established for designs in which one arm would
receive an investigational product without conventional treatment and the other arm would receive
conventional treatment for chronic GVHD, although such an approach has been used in a trial of
treatment for mild acute GVHD." Such a design could be used if prior studies indicate that the
investigational product has activity in patients with chronic GVHD.



Adequate and well-controlled studies are also feasible when an immediate change of treatment is not
needed. In such a study, one arm would receive the investigational product, and the other arm would
continue the baseline management. The design of such studies could include “induction” and
“maintenance” phases with different doses of the same product or with the sequential use of different
products. Adequate and well-controlled studies of investigational products intended for effect at a
specific site or on a specific organ or manifestation of chronic GVHD are feasible, particularly if the use
of the investigational product can be blinded.

Endpoints

The primary endpoint in a clinical trial represents the major criterion by which success with the use of
the investigational product will be determined, but it is far from the only criterion in judging the merits
of an intervention. The primary endpoint should reflect clinical benefit, defined as surviving longer or
living with fewer symptoms or improved function. Overall success with the primary endpoint is defined
in statistical terms, based upon a pre-specified null hypothesis, an alternative, and the corresponding
requisite sample size that affords adequate statistical power and a two-sided false-positive rate
conventionally set at 5% or less. The null hypothesis is typically set by the standard of care. A list of
endpoints most commonly used in clinical trials of chronic GVHD therapy is found in detail in Table 1 of
the initial publication of this Working Group.!

In successful trials, secondary endpoints provide necessary additional evidence that benefits exceed
harms. For example, successful trial results should show that the benefits of a high response rate are
not offset by low survival, as has been reported in some studies of treatment for acute GVHD." As
discussed below, progress has been made in developing benchmark rates that could be used to set the
null hypothesis for some endpoints but not for others.

Response. Assessment of response compares manifestations of chronic GVHD for each patient at
baseline and at one or more defined subsequent time points. Trials using response as an endpoint
should be designed to measure and document the durability of response and to determine whether
continued treatment is needed in order to maintain response. For a variety of reasons, response at any
single time point after enrollment is an incomplete indicator of clinical benefit. Response should be
assessed at multiple time points in all studies in order to demonstrate sustained benefit. A "response"
cannot be considered as success for an investigational treatment if it occurred only after a subsequent
treatment was introduced. This same problem applies for all potential endpoints other than death.
Premature treatment changes for reasons other than disease progression or inadequate response could
increase the risk of false-negative results in a single-arm study but would not increase the risk of false-
positive results. Premature treatment change would not affect results of a controlled, double-blind
prospective study.

Most investigational products are likely to be used in conjunction with anti-inflammatory glucocorticoids
and other agents. Trials using response as an endpoint should be designed to distinguish the effects of
the investigational product from the effects of concomitant treatment. Single arm comparisons
between baseline and subsequent symptom burden, disease activity and level of damage and disability



for each patient are generally not sufficient for this purpose. A case could be made if the pre-
enrollment trajectory of disease manifestations is clearly documented for each patient to show lack of
prior improvement during treatment with the baseline regimen, and if no systemic or topical treatment
is concurrently or subsequently increased or added before the assessment of response. Otherwise,
designs that include a control group given the concomitant treatment without the investigational
product are necessary in order to distinguish the effects of the investigational product from the effects
of concomitant treatment.

No standardized, validated global response measure has been developed for studies testing products for
treatment of chronic GVHD. Such clinical scales have been developed for regulatory review of other
disease indications, including Crohn’s disease,'® rheumatoid arthritis,"’ ankylosing spondylitis,'® systemic
lupus erythematosus,™ and myositis.”® Response defined with the use of these clinical scales typically
requires improvement in at least 2 defined objective measures, together with improvement in some
minimum number of other items from a defined menu of objective, subjective or laboratory measures.
Patient reported outcomes represent an important component in each of these clinical scales.

The provisional criteria proposed by 2005 National Institutes of Health (NIH) Consensus Conference for
measuring treatment response of chronic GVHD were based on expert opinion,”* and an Excel
spreadsheet tool has been developed to apply these criteria in clinical trials.”> Responses defined
according to the proposed algorithm correlated with improved symptom burden but not with improved
quality of life by other measures.”® Furthermore, agreement between response and physicians’ clinical
assessment was poor.”* Response at 6 months correlated with a lower risk of subsequent mortality in a
prospective study of 39 patients with steroid-refractory chronic GVHD** but not in a prospective,
multicenter, observational cohort comprised of 283 chronic GVHD cases.* In another study, response
by a wide variety of definitions at 6 months did not correlate with subsequent development of
tolerance.”

Nonetheless, response should be measured, documented and reported in all trials of treatment for
chronic GVHD, since response is an important component of clinical benefit. Protocols and study
reports should provide criteria used to define the baseline severity of patient-reported symptom burden
and physician-assessed disease activity and damage. Protocols and study reports should likewise
provide criteria to define the degree of subsequent change in each of these domains required for
improvement or worsening. In addition, information regarding the trajectory of changes in pulmonary
function tests and other objective measures before enrollment can be used to help interpret changes
that occur after enrollment.

Tools for measurement of patient-reported symptom burden have been developed and validated.”®
(See report of the Response Criteria Working Group for summary and other references.) Patient-
reported outcomes (PROs) are particularly useful when symptoms and physical disability cannot be
reliably graded and documented by objective measures. Global scales assessing chronic GVHD-specific
PROs should be used in conjunction with other measures of response in trials of systemic treatment.



Response-based endpoints and PROs are highly appropriate for controlled studies assessing specific
manifestations of chronic GVHD. As discussed above, single-arm designs cannot control and account for
the myriad other factors that could influence response in a single-arm study with response as the
primary endpoint. Moreover, no well-defined, reliable benchmarks have been established for such
studies.

The role of biomarkers as a component in the assessment of response has not been defined. Even so,
measurement of biomarkers can be very helpful in determining whether a product has an expected
biological effect in patients with chronic GVHD. For products evaluated through the accelerated
approval pathway, the FDA permits pivotal efficacy trials to use surrogate endpoints that are
“reasonably likely” to predict clinical benefit.”’ Hence, changes in biomarkers could be used as a
surrogate for response in a clinical trial, if previous studies have demonstrated that the biological effect
induced by the product is linked to the pathogenesis of GVHD, and if the effect is sufficient for a
sustained clinical response with the use of a product.

Failure-free survival. Failure-free survival (FFS) defined by the absence of systemic treatment change,

nonrelapse mortality and recurrent malignancy has been proposed as an appropriate primary endpoint
for studies of investigational products intended for systemic control of GVHD in patients who are
enrolled because an immediate change of treatment is needed.”®” The absence of nonrelapse mortality
and recurrent malignancy clearly reflect clinical benefit, but the extent to which the absence of systemic
treatment change reflects clinical benefit has not yet been determined. FFS is not optimally suited for
studies to evaluate a specific systemic effect such as fibrosis, or local effects on specific organs such as
pulmonary disease or ocular involvement.

Concerns could be raised about the reliability of using treatment change as an element in the composite
FFS endpoint. It should be noted, however, that these concerns also apply in the assessment of
response. Introduction of a new systemic treatment in a patient with chronic GVHD can be taken as
evidence that current treatment has not provided satisfactory results, because chronic GVHD
manifestations are progressing, persisting without improvement, or improving more slowly than
desired. This interpretation can be confounded, however, when changes are motivated by toxicity,
inconvenience, financial burden, or the availability of a newer alternative that is more attractive to the
patient or physician. For example, in a randomized trial with a crossover option, some patients who
were evaluated as having a "response" crossed over to the other arm. This pairing between assessment
and action might appear to be inconsistent, but the baseline for comparison in clinical practice is
typically the most recent clinic visit, not the entry point into the study. A systemic treatment change
might be perfectly reasonable for a patient who is better as compared to enrollment but worse as
compared to the most recent visit. Reasons for decisions to introduce new systemic treatment after
enrollment should be documented in all studies.

FFS could be used as an endpoint in controlled trials. Benchmark rates that could be used as the null

hypothesis for the primary endpoint in future single arm trials of first-line and second-line treatment
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have been reported from retrospective studies at one center, and results of first-line treatment were

replicated in a small cohort of patients enrolled in a previous controlled trial with a double-blind



design.” Further studies have not yet been carried out to determine whether the reported data are
representative of results from other centers. Results from the BMT CTN 0801 trial (NCT01106833) could
help to address this important question. This prospective trial was designed to evaluate a regimen of
steroids and sirolimus with or without a calcineurin inhibitor for initial treatment of chronic GVHD,
although this study also allowed enrollment of patients who had an inadequate response to initial
treatment.

FFS could be used as the primary endpoint in conjunction with secondary endpoints that measure
response in the interim until a global response measure has been fully developed and validated for use
as the primary endpoint in clinical trials. Two distinct questions should be addressed, given the
uncertain reliability and reproducibility of FFS as an endpoint. 1) What evidence should be summarized
in clinical trial reports to persuade well-informed, scientifically trained, but appropriately skeptical
physicians that the use of a particular product is worthy of being considered in caring for patients with
chronic GVHD? 2) Similarly, what evidence should be summarized in a new drug application to persuade
extremely well informed scientists and physicians with regulatory authority that a particular product
should have market approval for treatment of chronic GVHD? Large improvements in FFS supported by
evidence of reduced symptom burden, decreased disease activity, and an absence of emerging damage
or disability should suffice in answer to the first question. Further data are needed in order to
determine whether similar results could suffice in answer to the second question.

Steroid-sparing effect. No precedent has been established for designs testing whether an investigational

product has a “steroid-sparing effect.” Patients with mild manifestations at the initial onset of GVHD
would be suitable for such studies. Benchmark serial steroid dose data from a large prospective study of
first-line treatment have been reported'® and could be used as a benchmark for future single arm
studies of first-line treatment, but endpoints that could be used to assess clinical benefit from being able
to reduce the dose of steroids have not been defined or reported. Controlled trials with this endpoint
would have to be designed to distinguish the effects of the investigational product from the effects of
concomitant treatment and to determine whether any reduction in steroid-related toxicity is offset by
toxicity of the investigational product. Such an approach would require the development of a validated
global measure of steroid-related toxicity.

Survival. Mortality rates in large cohorts of patients with chronic GVHD have been reported,® and these
results could be used as be used as a benchmark for single arm studies. Improved survival from more
effective treatment of chronic GVHD is not likely to be measurable until several years after patients are
enrolled in a trial, making survival an unattractive primary endpoint for early phase trials. Even so,
survival should be measured, documented and reported in all trials of treatment for chronic GVHD in
order to determine whether an investigational treatment causes harm.

Permanent withdrawal of all systemic treatment after resolution of GVHD. Shortening of time to

develop immunological tolerance as manifested by permanent withdrawal of all immunosuppressive
treatment after resolution of reversible chronic GVHD manifestations clearly represents clinical benefit,
even if certain irreversible sequelae of chronic GVHD persist. Shortened time to development of
tolerance is not likely to be measureable until several years after patients are enrolled in a trial, making
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tolerance an unattractive endpoint for early phase trials. Immunological tolerance representing cure of
chronic GVHD would represent a very attractive endpoint for late phase trials.



Lessons from Regulatory Review of Treatment for Autoimmune and

Musculoskeletal Disorders
Two large-scale reviews of decisions by the United States Food and Drug Administration (FDA) offer

3132 The first report

insights for the design and conduct of studies intended for regulatory review.
characterized pivotal efficacy trials that provided the basis for approval of novel therapeutic agents
between 2005 and 2012.% Among the 448 trials, 36 were intended for indications related to
autoimmune and musculoskeletal diseases, the category most closely related to chronic GVHD. All of
these trials had randomized control designs, 34 (94%) were double-blinded, 11 (31%) had active
comparators and 25 (69%) had placebo comparators, 28 (78%) had clinical scale endpoints, 6 (17%) had
surrogate endpoints such as laboratory measures, and 2 (6%) had clinical endpoints such as death,
hospitalization, or functional measures. A median of 525 patients were enrolled, and participation
extended beyond 6 months in 12 (33%) of the studies. Approvals for the 13 indications in this category
were based on studies that enrolled an aggregate median of 1209 patients with an aggregate median of
1955 patients in the safety population. Among the 13 indications, 11 (85%) approvals were based on at
least 2 studies, and only 2 (15%) were based on a single trial.

The second report characterized reasons for disapproval of new drug applications between 2000 and
2012.** As summarized in an accompanying editorial,®® the results indicate that in reviewing clinical
trials, FDA is looking for evidence of generalizable study populations, adequate sample size, meaningful
health outcomes and degree of influence on those outcomes, consistency of multiple endpoints among
different trials and sites, improvement over the standard of care, and evidence that benefits exceed
harms.

Enrollment a sufficient sample size poses the most difficult challenge in conducting trials for treatment
of chronic GVHD. The largest trial to date enrolled 287 patients.” The BMT CTN 0801 trial and another

recent multicenter trial*® each took 4 years to enroll 151 patients, even though both adults and children
were eligible. Hence, a very large effect size would be needed for successful development of a new

treatment for chronic GVHD.

Examples of Possible Development Paths for Investigational Products
Intended for Treatment of Chronic GVHD

Development paths leading to regulatory approval for indications related to chronic GVHD have not
been established. The small market and lack of an established development path stand as disincentives
for industry sponsors. Establishment of development paths could decrease the risks for industry
sponsors and increase their interest in chronic GVHD. As examples, we outline development paths for 3
indications related to chronic GVHD: 1) systemic effect in patients with disease manifestations that
require immediate intervention, 2) systemic effect in patients with mild manifestations of chronic GVHD
at initial diagnosis, and 3) effect in patients with specific manifestations of chronic GVHD. These
examples are not intended to be comprehensive, and they do not address all possible contingencies.
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Systemic effect in patients requiring immediate intervention. The first trial in this pathway could be

designed to test the efficacy of a product for controlling rapidly reversible manifestations of disease
activity in patients with chronic GVHD that has not responded adequately to initial treatment, including
glucocorticoids (second-line treatment). Manifestations of disease activity include erythematous rash,
oral mucosal changes, conjunctival inflammation not caused by dry eye, abnormal liver function tests,
and rapidly reversible gastrointestinal manifestations, including nausea, vomiting, diarrhea and weight
loss. Baseline treatment with agents other than glucocorticoids may be continued, but no new systemic
or topically active agents should be added, other than the investigational product. Improvement in
these manifestations of disease activity should generally be evident within 4 weeks, but longer durations
of administration will be needed even in the initial studies in order to assess the durability of response,
the effects on less rapidly reversible manifestations such as weight loss, sclerosis and fasciitis, the ability
to taper concomitant medications, including the dose of glucocorticoids, and the safety of the product in
patients with chronic GVHD. Longer durations of administration may also be needed before the
response assessment for certain products that are known not to produce prompt improvement (e.g.,
extra-corporeal photopheresis).

If the first trial shows evidence of efficacy in controlling manifestations of disease activity, a follow-up or
extension phase Il trial could address the question of whether the product improves FFS in patients with
chronic GVHD that has not responded adequately to initial treatment.”® In all trials using FFS as the
primary endpoint, response outcomes should be defined, measured, documented and reported, and
serial steroid dose data should be collected. Alternatively, a follow-up study could be conducted by
enrolling patients under conditions where an immediate change of treatment is not needed. In such a
study, one arm would receive the investigational product, while the other arm would continue the
baseline management, and either response or FFS could be used as the primary endpoint in comparing
the two arms. A single arm study would not be feasible with this approach, because benchmark data
that could be used to set the null hypothesis for the primary endpoint have not been established in this
setting. Successful results with either approach could lead to a controlled phase Ill trial for the same
indication.

If the follow-up or extension trial improves FFS, the development path could shift to initial treatment. It
is also possible that the development path could bypass the first phase of testing with second-line
treatment and begin with initial treatment. For example, it might be appropriate to test the effects of
adding the product to initial glucocorticoid treatment, using FFS as the primary endpoint in a single-arm
phase Il study.”

If results of a single-arm phase Il study suggest success, a blinded randomized phase Il study could be
done to determine whether the postulated difference in FFS with and without the product added to
initial glucocorticoid treatment could be confirmed. Such a study is likely to be underpowered, unless
the difference between arms is very large. Nonetheless, results of this trial would be useful in providing
true estimates of the difference between the arms and would provide longer-term safety data with the
use of the product in patients with chronic GVHD.
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At least one pivotal trial would be required if results for a blinded randomized phase Il study are
encouraging. The pivotal trial could be designed to test a difference of the magnitude observed in the
randomized phase Il study. A key question here is whether a difference in the FFS endpoint would be
considered as sufficient evidence of clinical benefit. If not, then an alternative endpoint would be
needed. Resolution of chronic GVHD and withdrawal of all immunosuppressive treatment could serve
as an appropriate endpoint, but only for products that are thought to facilitate the induction of
immunological tolerance, and only if very long time horizons can be tolerated by the sponsor. The
median time from onset of systemic treatment to withdrawal of immunosuppressive therapy after
resolution of chronic GVHD exceeds 2 years.” A response measure could also be used as the primary
endpoint, if it has been previously standardized and validated.

While a major purpose of phase Il studies is to identify promising approaches for phase Il studies,
another important purpose of phase Il studies is to identify approaches that do not work, in order to
avoid unnecessary investments in large expensive phase Ill studies that have little chance of success.
FFS could be very effectively used multi-stage trial designs. The first stage would enroll patients in a
traditional single-arm phase Il study with FFS at 6 months or perhaps a year as the primary endpoint
compared against historical results for the same indication, with any variety of response measures as
secondary endpoints and with other important secondary endpoints such as survival, relapse and non-
relapse mortality. A sample size of 40 to 60 patients would suffice for this purpose. Positive results
would trigger an immediate second stage. The endpoint here for clinical purposes could still be FFS, but
for regulatory purposes, the primary endpoint might have to change to resolution of GVHD and
withdrawal of all immunosuppressive treatment (without a prior qualitative change of systemic
treatment) if FFS is not accepted as evidence of clinical benefit, even when some measure of response is
included. In any case, the phase Ill stage would have to "start over" with enroliment, excluding results
from the first stage in order to avoid bias.

Alternatively, a traditional randomized phase Ill design could be used with an FFS-based interim
stopping rule for futility and either FFS or withdrawal of all immunosuppression (without a prior
qualitative change of systemic treatment) as the primary endpoint. As an example, the decision to
terminate enrollment in a study of mycophenolate mofetil for initial treatment of chronic GVHD was
based on the absence of a difference in the primary endpoint after 4 years.?® In this study, patients who
had prior failure could not have met the primary endpoint, by definition. In fact, the failure rate in the
investigational arm was higher than in the control arm from the very beginning of the study. If the trial
had been designed to include interim analyses of FFS, this negative study could have been closed for
futility much earlier.

Systemic effect in patients with mild manifestations of chronic GVHD at initial diagnosis. Anti-

inflammatory glucocorticoids have a long-established, prominent role in the treatment of chronic GVHD.
Long-term, high-dose glucocorticoid treatment causes many side effects, some of which are irreversible.
These considerations motivate interest in testing treatment regimens that do not contain anti-
inflammatory glucocorticoids. Eligibility for such a trial would require the absence of current systemic
glucocorticoid treatment. Initial systemic treatment for newly diagnosed chronic GVHD with mild
manifestations represents the most likely setting in which the benefits and risks of a glucocorticoid-free
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regimen could be tested. Disease manifestations would have to be sufficiently severe to require
systemic treatment, but not so severe as to require immediate use of glucocorticoids.

As a first step, it would be appropriate to test the effects of a glucocorticoid-free regimen in a trial with
either response or FFS as the primary endpoint. Response should be measured at multiple time points
in order to determine whether the benefit is sustained, and improvement should not be counted as a
response if systemic or local treatment with glucocorticoids or another product has been added to the
regimen before response is assessed. Given the uncertainty of benefit in such a trial, close monitoring at
frequent intervals would be needed in order to ensure that symptoms and disease activity are
adequately controlled and that no damage is emerging. Although no benchmark response rates have
been established in this setting, a high rate of sustained responses would suggest that the product has
activity against chronic GVHD, since previous results have indicated that untreated “clinical extensive”
chronic GVHD tends to progress inexorably toward disability.>* FFS could also be used as the primary
endpoint in such a trial, as discussed above. In this case, addition of systemic or local treatment with
glucocorticoids or another product should be counted as failure.

A pivotal randomized phase Ill study could be done if results of the first study suggest that the
investigational treatment produced response rates or FFS rates better than those expected for the
standard of care. Blinding in such a trial would not be feasible, and robust, objective endpoints would
be needed in order to demonstrate superior clinical benefit with the use of the investigational product.
As discussed above, a multi-stage design could be used to improve the efficiency of the approach. A
randomized phase Ill study could also be done if results of the initial study suggest that the
investigational treatment produced response rates or FFS rates equivalent to those expected for the
standard of care. In this case, the primary endpoint would be designed to test the hypothesis that the
overall burden of adverse effects is lower with the investigational treatment than with the standard of
care.

Effect in patients with specific manifestations of chronic GVHD. Certain products might be suitable for
treatment of specific systemic manifestations such as fibrosis, or might have local effect on specific

organs such as the skin, mouth, eyes, lungs, gastrointestinal tract or genitourinary tract. Eligibility
criteria for a trial to test a product for such an indication require careful definition to ensure that the
condition is actually caused by chronic GVHD and that other potentially confounding causes are absent.

The first trial in the pathway could be designed to test the efficacy of a product for controlling rapidly
reversible manifestations of disease activity, using an objective or subjective response measure as the
primary endpoint. Claims that improvements after enrollment are related to the investigational
treatment would be credible if the baseline systemic treatment is not changed at enrollment, and if no
new systemic treatments are added before the assessment of response. In such a trial, the addition of a
local or topical therapy before the assessment of response would count as failure. The first trial in the
pathway could also be designed to test the efficacy of a product for preventing progression of less
reversible manifestations of chronic GVHD. In this case, however, the trajectory of progression would
have to be thoroughly documented before enroliment in order to determine whether a change occurred
after enrollment in the study.
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A pivotal randomized phase Ill study could be done if results of the first study suggest that the
investigational treatment produced unambiguous sustained responses or prevented progression. In
such a trial, one arm would be treated with the investigational product while continuing prior treatment
without change, and the other arm would continue prior treatment without change. Such a trial should
have a blinded design, if possible, in order to minimize bias. With blinding, a crossover design could be
used to improve enrollment and motivate adherence to the protocol.

Conclusions

Robust endpoints and efficient phase Il study designs are needed in order to identify promising drugs
that could be tested in phase Il studies. Validated benchmarks that could be used to set the null
hypothesis for response rates have not been reported in any setting, and it will likely take another 4 to 5
years before a validated clinical scale has been established to measure global response in patients with
chronic GVHD. Until then, FFS could serve as a useful basis for designing studies and interpreting clinical
trial results, if several caveats are kept in mind. Additional studies are needed in order to determine
whether the FFS data reported to date are representative of results in other centers and to establish
benchmarks for contexts other than first or second-line systemic treatment. The proposed use of FFS
has been criticized because medical providers sometimes show inconsistent behavior in deciding to
change treatment, but this concern applies for all endpoints other than death. In making such decisions,
investigators must demonstrate consistency, fair play, integrity, self-discipline and willingness to set
aside personal biases, all in the interest determining the truth about the merits of an investigational
treatment. Since the FFS endpoint does not give any direct information about improvements in GVHD-
related symptoms, activity, damage or disability, studies using FFS as the primary endpoint should also
measure changes in these domains as secondary endpoints. In the future, it should be possible to
replace FFS with standardized and validated measures of sustained response as the primary endpoint in
order to measure clinical benefit in a more direct way.
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