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Abstract

Aim: To test whether a screening approach with more flexible urinary albumin creati-
nine ratio (UACR) and estimated glomerular filtration rate (eGFR) thresholds would
decrease screen failure rate without negatively impacting on the event rate and over-
all study duration.

Methods: We performed a post-hoc analysis of the ALTITUDE trial. We selected
participants randomized to placebo with a UACR of >300 mg/g and an eGFR between
30 mL/min/1.73 m? and 60 mL/min/1.73 m? at the first visit (pre-screening) for the
trial. We then used less stringent lower UACR and higher eGFR thresholds for the
following qualifying visit. For each scenario we calculated the number of eligible partic-
ipants, the number of renal and cardiovascular endpoints, and the event rates. Based
on this, we performed simulations for a future trial and estimated the duration of
enrolment and total duration of this trial.

Results: The base scenario consisted of 848 participants (median UACR 1239 mg/g;
median eGFR 44 mL/min/1.73 m?). Lowering the UACR and/or raising eGFR qualifica-
tion thresholds increased the number of eligible participants, decreased screen failures
and resulted in only a modest decrease in renal and cardiovascular event rates. For exam-
ple, relaxing the UACR criterion from 300 mg/g to 210 mg/g at the qualifying visit,
increased the number of eligible patients from 848 to 923, and increased the number of
renal events from 117 to 122 events. The event rate showed a moderate decrease from
5.6 (4.6-6.7) events per 100 patient-years to 5.3 (4.4-6.4) events per 100 patient-years.
In simulations, lowering the UACR and raising eGFR thresholds for inclusion accelerated
patient enrolment and did not increase in the overall trial duration.

Conclusion: More flexible albuminuria and eGFR-based inclusion criteria, in partici-
pants who met the inclusion criteria of a trial based on pre-screening values prior to
the clinical trial, decreases screen failure rates and accelerated patient enrolment

leading to more efficient trial conduct without impacting the overall trial duration.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | INTRODUCTION

Chronic kidney disease (CKD) is present in approximately 700 million
people around the world and is associated with substantial morbidity
and mortality.! Despite the high prevalence, there are few proven effec-
tive therapies to slow progressive kidney function loss. End-stage kid-
ney disease (ESKD) is used as a clinical endpoint in clinical trials of CKD
progression. However, ESKD is a late manifestation of CKD which
requires large trials of long duration to assess drug efficacy and safety.?
Therefore, clinical trials typically enroll patients with high-risk CKD in
order for sufficient endpoints to occur within the clinical trial.®

Low estimated glomerular filtration rate (eGFR) and high albumin-
uria are risk markers of CKD* and are commonly used in clinical trials
to enrich the population with participants more likely to progress to
ESKD. However, both albuminuria and eGFR (serum creatinine) show a
substantial within-patient day-to-day variation.”** The high intra-
individual variation in albuminuria and eGFR contributes to high screen
failure rates in clinical trials. Screen failures, commonly defined as indi-
viduals who undergo screening but are not enrolled in a clinical trial,
cause a waste of effort and time for participants and investigators.
Novel strategies to reduce screen failures in order to improve efficiency
of clinical trial conduct in nephrology would be very valuable.

The day-to-day variation in albuminuria and eGFR can be attributed
to a combination of progression of underlying disease, day-to-day biological
variation due to changes in exercise, diet or hydration status and medication
adherence, and measurement variation. This random variation is unlikely to
impact the patients' risk with regard to kidney outcomes. We hypothesized
that the use of less stringent albuminuria and eGFR inclusion criteria, in par-
ticipants who met the inclusion criteria of a trial based on pre-screening
values prior to the clinical trial, may reduce screen failure rates, without
decreasing the event rate and statistical power of a clinical trial.

The aim of this study, therefore, was to determine whether a
screening approach with less stringent albuminuria and eGFR thresh-
olds would decrease the screen failure rate without adversely

impacting on overall power and study duration of clinical trials.

2 | METHODS

21 | Patients and study design

We performed a post-hoc analysis of the ALTITUDE trial. The ALTI-
TUDE trial was a randomized, double-blind, placebo-controlled trial
that included 8561 participants with type 2 diabetes at high risk of
kidney or cardiovascular outcomes. The inclusion criteria of this study
were useful for our analysis as it was enriched for albuminuria, but
also allowed participants with lower levels of albuminuria to be ran-
domized based on the presence of other risk factors. The study design
and principal results of the ALTITUDE trial have been published

elsewhere 1213

For our analysis we selected participants at the first study visit
(pre-screening), who were randomly assigned to placebo treatment.
We selected patients with a urinary albumin creatinine ratio (UACR)
>300 mg/g and an eGFR between 30 mL/min/1.73 m? and 60 mL/
min/1.73 m2 We then used more flexible cut-offs stepwise at the
next visit at 3 months (qualifying visit; Figure 1). We used three differ-
ent strategies for inclusion at the qualifying visit: firstly, stepwise low-
ering of UACR cut-offs at the qualifying visit (eg, 2300 mg/g [base
scenario], 2210 mg/g, 2150 mg/g, 230 mg/g); secondly, stepwise
increasing of eGFR cut-offs at the qualifying visit (eg, 30-60 mL/min/
1.73 m? [base scenario], 30-66 mL/min/1.73 m?, 30-75 mL/min/1.73 m?,
30-90 mL/min/1.73 m? =30 mL/min/1.73 m?), and lastly, a combination
of lowering UACR and increasing eGFR inclusion criteria at the qualifying
visit (eg, UACR 2300 mg/g and eGFR 30-60 mL/min/1.73 m? [base sce-
nario]; UACR 2270 mg/g and eGFR 30-66 mL/min/1.73 m% UACR
2225 mg/g and eGFR 30-75 mL/min/1.73 m% UACR 2150 mg/g and
eGFR 30-90 mL/min/1.73 m% UACR = 0 mg/g and eGFR 230). See also
Figure 1 for the design of this study.

2.2 | Measurements

At each visit three consecutive first-morning-void urine samples were
collected for measurement of urinary albumin and urinary creatinine
to compute the UACR. UACR and serum creatinine were measured at
a central laboratory at Week O (pre-screening visit) and Week 12 (qual-
ifying visit). The Modification of Diet in Renal Disease formula'® was
used to calculate the eGFR.

23 | Outcomes

The endpoints used for this study were composite cardiovascular and kid-
ney events, as originally defined in the ALTITUDE trial.1?!2 The cardiovas-
cular endpoint was a composite of the first occurrence of any of the
following: cardiac death; resuscitated cardiac arrest; nonfatal myocardial
infarction; nonfatal stroke; and unplanned hospitalization for heart failure.
The kidney endpoint was a composite endpoint consisting of a sustained
doubling of serum creatinine, ESKD, or death due to kidney-related cause.
The composite kidney-cardiovascular endpoint was a combination of the

individual composite cardiovascular and kidney endpoints.

2.4 | Statistical analysis and simulations

Baseline characteristics are presented as mean = SD or median (inter-
quartile range) for variables with a nonparametric distribution. Categorical
baseline characteristics are shown as proportions. Baseline characteristics
were those recorded at the pre-screening visit and are shown for the total

eligible population and stratified by albuminuria (JACR >300 mg/g and
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FIGURE 1  Study design for optimal use of albuminuria as a response marker for clinical trials. At the pre-screening visit patients were

selected based on urinary albumin creatinine ratio (UACR; 300-500 mg/g) and estimated glomerular filtration rate (eGFR; 30-60 mL/
min/1.73 m?). At the qualifying visit at 3 months several inclusion strategies were tested based on relaxing UACR, eGFR and a combination of

those thresholds

TABLE 1
at the qualifying visit

., Baseline population
Variables Bop

(n = 995)
Age, years 623 +9.7
Female, % 30.3
UACR, mg/g 1059.1 (572.8-1966.1)
eGFR, mL/min/1.73 m? 445+81
Systolic BP, mmHg 139.8 + 16.2
Diastolic BP, mmHg 755+99
HbA1c, % 79+16
BMI, kg/m? 294+ 6.1
LDL cholesterol, mmol/L 27+10
HDL cholesterol, mmol/L 1.2+04
History of cardiovascular disease, % 29.1
Current smoker, % 14.3
Current drinker, % 9.9

Baseline characteristics recorded at the pre-screening visit of the total eligible ALTITUDE population and stratified by albuminuria

UACR =300 mg/g at the UACR <300 mg/g at the p
qualifying visit (n = 848) qualifying visit (n = 147)

620+9.7 63.9+9.1 0.98
29.4 35.4 0.14
1238.5 (694.8-2143.3) 477.4 (368.8-722.2) <0.001
443 + 8.0 45.6 + 8.4 0.95
140.0 + 16.3 139.7 + 16.0 0.48
754 £ 10.0 761+9.7 0.79
7916 78+1.6 0.22
29.3+ 6.0 30.1+ 6.7 0.94
27+11 27+09 0.34
12+04 1.2+0.3 0.84
29.5 27.2 0.58
14.6 12.2 0.45
9.7 11 0.63

Note: The eligible population (n = 995) comprised patients who had a UACR >300 mg/g and an eGFR 230 and <60 mL/min/1.73 m? at the pre-screening
visit. Values are shown as mean + SD, median (25th-75th percentile) or percentage.

Abbreviations: BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1lc, glycated haemoglobin; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; UACR, urinary albuminuria-creatinine ratio.

“P < 0.05 for UACR <300 mg/g at the qualifying visit vs. UACR >300 mg/g at the qualifying visit.

<300 mg/g) at the qualifying visit. Differences in baseline characteristics
were tested with unpaired t-tests, Mann-Whitney U-tests or x? tests as
appropriate. To determine the within-individual variability over time in
UACR and eGFR we calculated the coefficient of variation in the placebo
arm of the ALTITUDE trial using the UACR and eGFR values collected at
pre-screening, Month 3 and Month 6.

For each scenario the number of eligible participants, the number

of renal and cardiovascular events and the event rates were

determined. Event rates were calculated as events per 100 patient-
years. We then used these event rates to calculate the duration of a
future clinical trial using statistical simulations. In these simulations
we designed a clinical trial with enrolment of 5220 participants
assuming a 24-month inclusion period and 36-month follow-up
period. Under these conditions, a total of 961 endpoints provided
90% power to detect a 20% relative risk reduction. We calculated the

duration of enrolment and total duration of the clinical trial to accrue
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TABLE 2 Effect of lower urinary albuminuria-creatinine ratio cut-offs at the qualifying visit on patient eligibility, number of events and event
rates for the renal endpoint, cardiovascular endpoint and composite renal and cardiovascular endpoint

Elcible patiente. N Renal endpoint Cardiovascular endpoint Composite endpoint
igible patients,
UACR cut-offs, mg/g (degcreaspe in screen failures %) Events, N :Zvent rate, Events, N Event rate, Events, N AT,

% per year % per year % per year
300 848 117 5.6 (4.6-6.7) 112 5.3(4.3-6.4) 207 10.2 (8.9-11.7)
210 923 (-51) 122 5.3 (4.4-6.4) 122 5.3 (4.4-6.3) 221 10.0 (8.7-11.4)
150 958 (-75) 126 5.3(4.4-6.3) 124 5.2(4.3-6.2) 226 9 (8.6-11.3)
30 988 (—95) 129 5.3 (4.4-6.3) 128 5.2(4.3-6.2) 233 9.9 (8.6-11.2)
0 995 (—100) 129 5.2 (4.4-6.2) 130 5.2(4.4-6.2) 235 9.9 (8.7-11.2)

Note: Event rates are reported as number of events per 100 patient-years with Poisson confidence intervals.
Abbreviation: UACR, urinary albuminuria-creatinine ratio.

TABLE 3 Effect of higher estimated glomerular filtration rate cut-offs at the qualifying visit on patient eligibility, number of events and event
rates for the renal endpoint, cardiovascular endpoint and composite renal and cardiovascular endpoint

Eligible patients N Renal endpoint Cardiovascular endpoint Composite endpoint
eGFR cut-offs, d X
mL/min/1.73 m2 ( f:creasoe ) SEEE Events Event rate Events Event rate Events Event rate

failures %) (N) (% per year) (N) (% per year) (N) (% per year)
30-60 843 96 4.5(3.7-5.5) 104 4.9 (4.0-5.9) 189 9.3(8.0-10.7)
30-66 890 (—55) 100 5(3.6-54) 112 0(4.1-6.00 199 2 (8.0-10.6)
30-75 916 (—85) 101 4(3.6-5.3) 115 0(4.1-6.0) 202 1(7.9-10.5)
30-90 921 (—91) 101 4.4 (3.6-5.3) 115 5.0 (4.1-6.0) 202 9.1(7.9-10.4)
> 30-all 929 (—100) 102 4(3.6-5.3) 115 9(4.1-5.9) 203 0(7.8-10.4)

Note: Event rates are depicted as number of events per 100 patient-years with Poisson confidence intervals.
Abbreviation: eGFR, estimated glomerular filtration rate.

TABLE 4  Effect of lower UACR (mg/g) and higher eGFR (1.73 mL/min/1.73 m?) at the qualifying visit on patient eligibility, number of events
and event rates for the renal endpoint, cardiovascular endpoint and composite renal and cardiovascular endpoint

Cardiovascular

Renal endpoint Composite endpoint

Combined UACR and eGFR Eligible patients, N (decrease in endpoint
cut-offs screen failures %) Events  Event rate Events  Event rate Events  Event rate
(N) (% per year) (N) (% per year) (N) (% per year)

300 mg/g and 30-60 726 87 4.8(3.8-5.9) 92 50(4.1-6.2) 168 9.6(8.2-11.2)
mL/min/1.73 m?

270 mg/g and 30-66 790 (—32) 93 47(3.8-5.7) 102 5.1(4.2-6.2) 182 9.5(8.2-11.0)
mL/min/1.73 m? (—10%)

225 mg/g and 30-75 842 (-57) 96 45(3.7-5.6) 108 5.1(4.2-6.2) 190 9.3(8.1-10.8)
mL/min/1.73 m? (—25%)

150 mg/g and 30-90 889 (—80) 98 4.4 (3.6-5.4) 110 49 (4.1-59) 194 9.0 (7.8-10.4)
mL/min/1.73 m? (—50%)

>0 mg/g and 230-all 929 (—100) 102 4.4 (3.6-5.3) 115 49 (4.1-59) 203 9.0(7.8-10.4)

mL/min/1.73 m?

Note: Event rates are depicted as number of events per 100 patient-years with Poisson confidence intervals.
Abbreviations: eGFR, estimated glomerular filtration rate; UACR, urinary albuminuria-creatinine ratio.

961 endpoints assuming three scenarios with screen failure rates of from each of the UACR and eGFR screening scenarios. Statistical ana-
40%, 50% or 60%. Using nonlinear modelling the chance of reaching lyses were performed using STATA 15SE (StataCorp LLC, College Sta-
an event was calculated iteratively for each patient using the scale tion, Texas) and R (version 3.4). A two-sided P value <0.05 was

and shape parameter of Weibull fit of the survival models created considered to indicate statistical significance.
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FIGURE 2

Effects of lowering urinary albumin creatinine ratio (UACR) inclusion criteria (A,B), increasing estimated glomerular filtration rate

(eGFR) inclusion criteria (C,D) and more flexible UACR/eGFR criteria (E,F) on trial duration for the renal (A,C,E) and cardiovascular (B,D,F)

endpoint

3 | RESULTS

3.1 | Baseline characteristics

Of the 8561 participants included in the ALTITUDE trial, 995 partici-
pants were assigned to placebo and had albuminuria of >300 mg/g
and eGFR 230 mL/min/1.73 m? and <60 mL/min/1.73 m? at the pre-
screening visit (Table 1). These participants were eligible for the

present analysis. Baseline characteristics from the pre-screening visit
are shown in Table 1. The base scenario was defined by participants
who had an UACR >300 mg/g at the pre-screening and qualifying visit
(Week 12) and consisted of 848 participants (85.2%; median UACR
1239 mg/g; median eGFR 44 mL/min/1.73 m?). A total of 147 partici-
pants (14.8%) had a UACR >300 mg/g at the pre-screening visit and a
UACR <300 mg/g at the qualifying visit. These participants were thus
excluded in the base scenario but would become potentially eligible
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when more flexible inclusion scenarios were used. Baseline character-
istics recorded at pre-screening of the 147 participants are shown in
Table 1. Participants with a UACR >300 mg/g at the qualifying visit
had a higher median UACR at pre-screening compared to patients
with a UACR <300 mg/g. The other baseline characteristics were not
statistically different in either of the groups (Table 1).

During follow-up, the median within-individual variation over
time in UACR was 31.8% (25th-75th percentile 19.3-51.9) and the
within-individual variation in eGFR was 9.0% (25th-75th percentile
5.6-13.7).

3.2 | Effect of more flexible inclusion criteria on
renal and cardiovascular events and event rates

Lowering the UACR qualification threshold increased the number of
eligible participants who would otherwise fail the screening (Table 2).
For example, when applying a UACR criterion at the qualifying visit of
210 mg/g (30% decrease from 300 mg/g) 75 additional participants
(51% of all screen failures) qualified (Table 2).

Lowering the UACR inclusion criterion at the qualifying visit
increased the total number of eligible patients and the number of car-
diovascular and renal events, indicating that participants who would
otherwise be screen failures contribute cardiovascular and renal
events. By lowering the UACR inclusion criterion only a modest
decrease in average renal and cardiovascular event rate was observed
due to the inclusion of participants with lower UACR values (Table 2).
For example, using a UACR criterion of 210 mg/g at the qualifying
visit resulted in an increase in the number of eligible patients from
848 to 923, and an increase in renal events from 117 events to
122 events. The event rate showed a moderate decrease from 5.6
(4.6-6.7) events per 100 patient-years to 5.3 (4.4-6.4) events per 100
patient-years (Table 2).

We also tested whether increasing eGFR thresholds would influ-
ence the number of renal and cardiovascular events and event rates.
Relaxing the eGFR criterion resulted in an increase in the number of
eligible participants (Table 3) and a decrease in the number of screen
failures, while it only resulted in a modest, decrease in average renal
and cardiovascular event rates (Table 3).

Similar results were observed when relaxing both eGFR and
UACR thresholds in that the number of screen failures decreased
without considerably affecting the renal or cardiovascular event rates
(Table 4).

3.3 | Effect of lowering UACR, eGFR or UACR/
eGFR criteria on trial duration

We performed simulations to test whether relaxing inclusion criteria
by decreasing UACR thresholds and/or increasing eGFR thresholds,
resulted in a change in trial duration. We used the observed event
rates in the ALTITUDE trial and the increase in the number of eligible
participants when using less stringent UACR or eGFR inclusion criteria

as inputs for statistical simulation (Figure 2). Reducing the UACR
threshold for inclusion did not result in an increase in trial duration for
the renal and cardiovascular endpoint. This was true for the three sce-
narios assuming a 40%, 50% or 60% screen failure rate (Figure 2A,B).
Similarly, when using less stringent eGFR inclusion criteria (Figure 2C,
D) or a combination of less stringent UACR and eGFR criteria
(Figure 2E,F), no increase in trial duration was observed. The results
were not different when we modelled a clinical trial using a composite

cardiovascular and renal endpoint (Figure S1).

4 | DISCUSSION

To improve clinical trials for progression of CKD we assessed the util-
ity of a screening approach with more flexible albuminuria and eGFR
thresholds to decrease screen failure rates, accelerate trial enrolment,
and improve the feasibility of trial conduct. We observed that lower-
ing of the albuminuria-based and increasing of the eGFR-based inclu-
sion criteria, for participants who met the inclusion criteria of a trial
based on pre-screening values prior to the clinical trial, increases the
number of eligible participants and decreases screen failure rates
without the need to increase sample size or prolong trial duration.
Our proposed approach thus simplifies enrolment of participants into
a trial and increases efficiency of trial conduct.

The number of clinical trials undertaken in nephrology lags behind
other therapeutic areas in medicine.*>® Moreover, clinical trials in
nephrology compared to cardiology are often smaller, shorter in dura-
tion and less frequently involve clinically meaningful endpoints.’
There are multiple reasons why trials in nephrology are less frequently
undertaken, including lack of global clinical trial networks, higher than
average adverse event rates, and endpoints being late manifestations
of CKD progression, requiring large trials of long duration. In addition,
screen failure rates in recent large kidney outcome trials are high,
ranging between 45% and 60%. The high screen failure rates prolong
clinical trial recruitment, increase costs and cause a waste of effort
and time from participants and clinicians, which may temper interest
in participating in future research. A large proportion of screen failures
in clinical trials in nephrology are due to albuminuria and eGFR values
not falling within the protocol-specified range.?®2° The high screen
failure rate can be in part attributed to the large day-to-day variability
in these laboratory variables. Indeed, in the ALTITUDE trial we found
a within-individual variability over time of 31.8% for albuminuria and
9.0% for eGFR. This variability was of similar magnitude to that
observed in other studies. Waikar et al’®! reported a variability in
eGFR of 6.5% and a variability in albuminuria of 32.5%. Another study
in patients with type 2 diabetes with increased albuminuria reported a
variability in albuminuria of 31.8%.1%** Removing trial inefficiencies
such as reducing screen failure rates by simplifying inclusion criteria
may thus help to stimulate clinical trials in nephrology.

It is important to note that simplifying trial procedures, including
efforts to reduce screen failures, will reduce disappointment among
participants and investigators and reduce wasted effort and time. Fre-

quent screen failures can lead to frustration among site investigators
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and can decrease engagement and commitment. As site investigators
can participate in multiple clinical trials, it is likely that they may choose
to spend more time and effort on less complex and simpler trials. We
did not capture this aspect in our simulations, which may have resulted
in an underestimation of the efficiency gains and an overestimation of
the trial duration when applying less stringent inclusion criteria.

Previous studies have shown that higher albuminuria levels are
associated with a higher risk of developing kidney and cardiovascular
outcomes. Clinical trials therefore enrich populations for participants
with higher albuminuria and lower eGFR levels to collect sufficient
endpoints within the 3- to 4-year trial duration. One would expect
that lowering the albuminuria threshold for inclusion in a clinical trial
would dilute the risk profile of the population and reduce kidney and
cardiovascular event rates. However, in our study, event rates only
modestly decreased despite inclusion of participants with lower
degrees of albuminuria. The likely explanation for this is that, in con-
trast to other studies, we selected a cohort of participants who had
high albuminuria (UACR >300 mg/g) at a previous (pre-screening)
visit. The finding that the event rates only changed modestly supports
the possibility that the lower albuminuria level at qualification was
indeed at least in part explained by random day-to-day variation.

Optimizing and simplifying eligibility criteria for a clinical trial is
only one of many approaches to facilitating patient enrolment and
clinical trial conduct.?* Several other approaches are also proposed.
These include approaches to increase the willingness of patients to
participate in a trial and removing barriers for participation such as
less frequent site visits, implementing decentralized study procedures,
and developing more efficient informed consent procedures.?? Other
strategies to promote clinical trial conduct include better use of elec-
tronic medical records to facilitate pre-screening approaches, develop-
ing implementable study protocols, and considering novel biomarkers
that assist in selecting optimal trial populations who are most likely to
respond and tolerate the investigational drug.?® Another approach to
reducing screen failures would be to re-screen patients who have a
measurement outside the screening limits. However, this requires
another visit for participants and greater effort from trial sites.
Relaxing albuminuria- and eGFR-based inclusion criteria is a simpler
approach, which is also less burdensome for patients.

The disadvantage of using enrichment criteria, such as albumin-
uria and eGFR, for clinical trials is that it reduces the generalizability
of the clinical trial. Some patients with normoalbuminuria may also
progress towards kidney failure, as illustrated by studies that show
that the prevalence of non-albuminuric CKD is increasing.242¢ How-
ever, patients with normoalbuminuria are often excluded from kidney
outcome trials. Methods to identify patients with normoalbuminuria
who are at risk of progression are needed. In this respect, novel bio-
markers, such as tumor necrosis factor receptor (TNFR)-1 and
TNFR-2, may help as they have been shown to predict kidney out-
comes in patients with type 2 diabetes and normoalbuminuria.2”-?®

This study has some limitations. First, the duration between a pre-
screening and qualifying visit in most trials in nephrology is 2 to 4 weeks
whereas in our study we used a 3-month period, which may have led to

a larger variation in albuminuria than would be observed in practice. In

addition, the analyses were performed post hoc. Future trials which have
implemented the proposed strategy are ongoing (NCT03819153) and
will test the utility of our proposed approach prospectively.

In conclusion, relaxing albuminuria- and eGFR-based inclusion
criteria for a clinical trial for participants who met these criteria based
on pre-screening values prior to the trial, decreases screen failure rates
without prolonging trial duration. This approach may increase recruit-

ment feasibility and enhance efficiency in the conduct of clinical trials.
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