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Abstract

 

We aimed to describe enrollment patterns in a large cohort of randomized controlled trials (RCTs) and evaluate whether early recruit-
ment predicts the ability of RCTs to reach their target enrollment. We considered all 77 efficacy RCTs initiated by the AIDS Clinical Tri-
als Group between 1986 and 1996 (28,992 patients enrolled until November 1999). Thirteen RCTs (17%) failed to reach half their target
recruitment. Enrollment trajectories showed that the initial rate of accrual determined the subsequent rates of enrollment. The target
sample size was attained by 7/8, 11/14, 15/35 and 4/20 of trials with very rapid, rapid, moderate and slow enrollment during the first 3
months, respectively (P 

 

!

 

 0.001). Enrollment during the first month or two strongly correlated with subsequent accrual (P 

 

!

 

 0.001). The
patient pool, the eligibility criteria, the attractiveness of a trial and adequacy of the network of clinical sites may influence RCT enroll-
ment. Early enrollment offers strong evidence on the feasibility of a trial and is indicative of its future pace of recruitment. © 2001
Elsevier Science Inc. All rights reserved.
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1. Introduction

 

Recruiting an adequate number of patients as determined
by sample size calculations is traditionally considered a pre-
requisite for the successful conduct of randomized con-
trolled trials (RCTs). The recruitment of patients is rou-
tinely recorded in all clinical trials and it is thought to be an
important indicator of a trial’s progress over time [1,2].
However, there is no strong empirical evidence on how the
progress of recruitment should be interpreted. Important
questions may be posed: Are there specific patterns of pa-
tient enrollment? More specifically, is it possible to predict
from early recruitment the ability of randomized trials to
reach their target enrollment eventually? These issues are
particularly important in efficacy trials, which often require
large sample sizes.

Insight into these issues may be gained empirically from
databases that collect prospectively information about the
conduct of several RCTs. In this article we used detailed in-
formation from a comprehensive database of clinical trials
performed by a large multicenter clinical trials group in hu-
man immunodeficiency virus (HIV) infection. The database
included information on the enrollment dates of patients and

study design factors of registered trials. This allowed as-
sessment of the natural history of patient enrollment in a
large number of randomized efficacy trials and the exami-
nation of predictors that determine the ability of trials to
reach or not reach their target sample size.

 

2. Material and methods

 

We used data on the accrual of patients in clinical trials
which were initiated by the AIDS Clinical Trials Group
(ACTG) between October 10, 1986 and October 10, 1996.
All patients enrolled until November 12, 1999 were consid-
ered. Studies that were also jointly funded from other orga-
nizations such as pharmaceutical companies or the Terry
Beirn Community Programs for Clinical Research on AIDS
or the Studies from Ocular Complications in AIDS research
were excluded whenever the ACTG database included only
ACTG-funded patients, unless the ACTG-funded patients
were the large majority (accounting alone for more than
80% of the target enrollment). For the main analysis, we
considered then only the randomized controlled efficacy tri-
als which had been designated as phase II, II/III, or III by
their investigators, as previously described [3]. Observa-
tional, nonrandomized, pharmacokinetic and safety phase I
and phase I/II studies were excluded as well as substudies of
the main protocols. Qualification for inclusion was based on
examination of the complete protocols [3].
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ACTG is sponsored by the Division of AIDS of the Na-
tional Institute of Allergy and Infectious Diseases (NIAID)
and it represents the largest network for the conduct of clin-
ical trials on HIV infection and its complications world-
wide. ACTG performs trials both in adults (Adult ACTG)
and in children (Pediatric ACTG). It uses the clinical re-
sources of 30 university sites across the United States as
well as other collaborative clinical units. Statistical exper-
tise is offered for the design of all protocols through the
Center for Biostatistics in AIDS Research (CBAR) at the
Harvard School of Public Health, and sample size estimates
for target enrollment are obtained for randomized efficacy
trials before a trial is launched.

On-study dates were used to calculate the total enroll-
ment duration and the number of patients enrolled over time
for each trial. The date of starting enrollment for each trial
was defined as the date the first patient entered the study in
any of the participating sites.

Descriptive statistics (mean, median, skewness, modes
and early peaks) and histograms of the percentage of pa-
tients enrolled every month compared to the original target
enrollment were used to describe the recruitment character-
istics. We arbitrarily divided trials into the following cate-
gories based on the percentage of target (the estimated final
enrollment anticipated according to the study protocol) at-
tained in the first 3 months: (1) extremely rapid enrollment
(

 

" 

 

50% of target sample size enrolled in 3 months); (2)
rapid enrollment (25–50% of target sample size enrolled in
3 months); (3) moderate enrollment (5–25% of target sam-
ple size enrolled in 3 months) and (4) slow enrollment
(

 

#

 

5% of target sample size enrolled in 3 months). This clas-
sification did not take into account the anticipated total du-
ration of enrollment, because this was not clarified in many
of the protocols. Using the chi-square test adjusting for
trend we evaluated whether these characteristic patterns
were related to the ability of the trial to reach its target sam-
ple size. We also compared the eventual proportion of target
enrollment among the different characteristic patterns
(slow, moderate, rapid, very rapid) using Kruskal-Wallis
ANOVA. Furthermore, the cumulative proportion of target
enrollment (the proportion of cumulative accrual every
month compared to the target sample size) was plotted sepa-
rately for each study.

Non-parametric (Spearman) correlation coefficients
were estimated for the relationship between parameters of
very early enrollment and the total or total remaining ac-
crual. Total accrual contains also the very early enrollment,
while the total remaining accrual excludes the very early en-
rollment. Thus the correlation between very early enroll-
ment parameters and remaining accrual is more strictly ap-
propriate. We considered the following parameters of very
early enrollment: (1) the number of patients accrued the first
month; (2) the number of patients accrued the second
month; (3) the number of patients accrued the first 2
months; (4) the ratio of patients accrued the second over
first month (acceleration of enrollment); (5) the ratio of pa-

tients accrued the first month over the target sample size;
and (6) the ratio of patients accrued the first 2 months over
the target sample size. Subgroup analyses were conducted
according to the population (adult or pediatric), the trial do-
main (complications of HIV, including opportunistic infec-
tions and neurologic complications, or antiretroviral ther-
apy) and the masking (double-blind versus single-blind or
unmasked). The mean proportion of target achieved was
also compared within these subgroups. Statistical analyses
were conducted in SPSS 9.0 (SPSS Inc., Chicago, IL). All
reported P-values are two-tailed.

 

3. Results

 

A total of 324 clinical studies, of which 96 were random-
ized efficacy trials, were initiated by the ACTG between
October 10, 1986 and October 10, 1996. Of those we ex-
cluded 33 studies (including 19 randomized efficacy trials),
because they had been performed jointly with a significant
patient contribution from other trial groups without on-
study dates being available on non-ACTG patients. During
the 10-year period 77 qualifying randomized efficacy trials
started with total enrollment of 28,992 patients until No-
vember 12, 1999. Seventy-four RCTs were performed by
the ACTG alone, while there was a small contribution of pa-
tients from other organizations in three trials. Only one of
the 77 trials was still open as of November 12, 1999. This
study accrued 56% of its target sample size after 57 months
of enrollment and very few patients were being enrolled in
the last months.

Considering all 77 efficacy trials, the median enrollment
time ranged from 0.5 to 25.5 months and the total duration
from 2 to 57 months. Of these trials, 23 were significantly
right skewed and 7 were significantly left skewed. The peak
monthly enrollment occurred within the first 6 months in 41
of the 77 trials.

In particular, studies with target or actual sample size
greater than 500 patients are summarized in Table 1. Most
of these trials were significantly right skewed except for
ACTG 076 [4], ACTG 081 [5], ACTG 155 [6] and ACTG
185 [7], where significant left skewness was observed.
ACTG 076 [4] and ACTG 185 [7] were both studies on ma-
ternal–infant HIV-1 transmission and they depended on the
availability of new cases of pregnant HIV-infected women.
The other two trials with left skewness (one trial on antiret-
roviral therapy [6] and one on 

 

Pneumocystis carinii

 

 pneu-
monia prophylaxis [5]) showed some acceleration over
time. The distribution of enrollment was unimodal in all but
two studies. However, in eight studies, there were also addi-
tional peaks in the enrollment which were 

 

$ 

 

90% of the
mode monthly enrollment. In most studies, the peak
monthly enrollment during the first 6 months was very
close, if not identical, to the peak monthly enrollment dur-
ing the whole trial duration. Few exceptions did occur, pri-
marily in perinatal transmission trials (ACTG 076 and
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ACTG 185) as well as in ACTG 019 [8], ACTG 081 [5] and
ACTG 155 [6].

The relationship of the characteristic enrollment patterns
with the eventual proportion of target enrollment is shown
in Table 2. It is evident that the faster the early enrollment,
the more likely were the trials to reach their target sample
size (P 

 

!

 

 0.001). Almost all of the very rapid studies
reached their target (88%), except for one (ACTG 333).
This study was restricted to patients on the old saquinavir
formulation and offered them the option of changing ther-
apy to better, newer drugs. Most patients were accrued in
the first 3 months, as patients on the old saquinavir formula-
tion were immediately eager to switch to better options.
However, the pool of patients on the old formulation who
would switch treatment was probably rapidly depleted.
Conversely, only four of 20 (20%) efficacy trials with slow
early accrual achieved their target sample size eventually.

Among these four studies, two targeted a pediatric popula-
tion and the other two sought to enroll patients with newly
diagnosed opportunistic infections. Of the 20 RCTs with
slow early enrollment, 13 (65%) kept recruiting patients for
more than a year and 10 (50%) were recruiting for more
than 2 years. The mean eventual proportion of target enroll-
ment significantly differed among the characteristic enroll-
ment patterns (P 

 

!

 

 0.001). On average, studies with rapid or
very rapid enrollment eventually reached significantly
closer to the target than studies with moderate or slow en-
rollment (102% or 103% versus 89% or 53%, respectively)
(Table 2).

In Figure 1, trajectories of the cumulative proportion of
target enrollment are presented. The graphs categorize stud-
ies with target sample size 

 

! 

 

200 (32 studies), 200–500 (27
studies) and 

 

$ 

 

500 (18 studies) to allow a better visualiza-
tion of trajectories for specific trials. The graphs show that

 

Table 1
Enrollment parameters in studies with target or actual sample size greater than 500 patients

ACTG 
Protocol

Actual
enrollment

 

n

 

Target
enrollment

 

n

 

Mean (SD)
(months)

Median
(months)

Total 
duration
(months)

Significant
skewness

Mode

 

a

 

(months)
Peak in the first 6 months
(ratio to mode)

002 575 482 5.79 (3.15) 5.7 12 — 6, [5] 6 (1.00)
016 716 538 10.53 (5.90) 10.0 21 — 10, 21, [4] 4 (0.94)
019 3236 3200 11.84 (6.98) 12.2 25

 

%

 

 (right) 7 5 (0.60)
036 193 538 7.67 (4.00) 7.0 17

 

%

 

 (right) 6, [5] 6 (1.00)
076 1039 1496 19.29 (8.95) 19.3 35

 

%

 

 (left) 19, [16,24] 3 (0.57)
081 843 600 7.83 (3.81) 8.0 13

 

%

 

 (left) 13 5 (0.60)
118 615 660 8.47 (5.45) 7.9 18 — 4, [2] 4 (1.00)
152 839 819 13.57 (6.32) 13.1 25 — 13, [11] 6 (0.69)
155 1001 750 5.60 (1.83) 6.0 8

 

%

 

 (left) 8 6 (0.48)
175 2495 2100 4.58 (2.04) 4.5 10

 

%

 

 (right) 5 5 (1.00)
185 1039 1600 25.60 (9.97) 25.5 42

 

%

 

 (left) 25 4 (0.27)
193 1314 1292 11.66 (8.91) 11.0 29

 

%

 

 (right) 2 2 (1.00)
196 1216 1100 4.62 (2.32) 4.7 10 — 7 4 (0.73)
204 1227 1200 9.08 (6.26) 8.6 22

 

%

 

 (right) 2 2 (1.00)
254 383 690 13.96 (12.99) 8.7 57

 

%

 

 (right) 4 4 (1.00)
261 549 471 6.82 (4.00) 6.4 16

 

%

 

 (right) 5, [3] 5 (1.00)
277 857 700 3.01 (2.00) 2.6 7 — 1 1 (1.00)
300 649 740 9.61 (6.11) 8.8 24

 

%

 

 (right) 4, [3] 4 (1.00)
320 1178 1750 3.94 (2.82) 3.1 13

 

%

 

 (right) 2 2 (1.00)
981 428 500 10.10 (5.93) 9.2 46

 

%

 

 (right) 5, 7, 13 5 (1.00)

ACTG: AIDS Clinical Trials Group; SD: Standard deviation

 

a

 

Months with enrollment 

 

$

 

90% of the enrollment during the mode month are shown in brackets.

Table 2
Association of characteristic early enrollment patterns with the eventual proportion of target enrollment

Characteristic early
enrollment patterns

Reached target Proportion of target eventually achieved

n/N (%) P

 

a

 

Mean (SD) Median (IQR) P

 

b

 

Slow 4/20 (20.0)

 

!

 

0.001 0.53 (0.40) 0.64 (0.83)

 

!

 

0.001
Moderate 15/35 (42.9) 0.89 (0.30) 0.93 (0.37)
Rapid 11/14 (78.6) 1.02 (0.20) 1.08 (0.22)
Very rapid 7/8 (87.5) 1.03 (0.18) 1.06 (0.13)

SD: standard deviation, IQR: interquartile range.

 

a

 

chi-square test adjusting for linear trend.

 

b

 

Kruskall-Wallis test.
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in most cases the initial rate of enrollment also determined
the subsequent pace in each trial. This was true regardless of
the absolute number of patients set as the target sample size.
All studies that had recruited 

 

! 

 

30% of their target sample
size after 10 months failed to reach this target eventually.
No studies showed marked acceleration of accrual over
time. Overall, there were 48 (62%) studies that accom-
plished 

 

$ 

 

80% of the target enrollment and 16 (21%) stud-
ies reached between 50% and 80% of the target.

Thirteen trials failed to reach even half the target sample
size during their conduct. Although, several reasons may
have contributed to the relative recruitment failure of each
of these trials, the key reasons were the following: five trials
studied syndromes that might have been relatively uncom-
mon to find enough patients to enroll (including toxoplas-
mosis, neurosyphilis, peripheral neuropathy, AIDS demen-

tia complex [two trials]); three trials set eligibility criteria
that might have been too limiting given the requested sam-
ple size (

 

P. carinii

 

 pneumonia refractory to standard treat-
ment; history of hemophilia; children with mild to moderate
symptoms only); one trial used tight eligibility criteria and
was also limited to patients who had previously participated
in a specific prior protocol (roll-over); one trial was inter-
rupted early due to evidence suggesting increased mortality
from the tested intervention; and for three trials the tested
regimens were probably soon considered rather outdated
given the rapid evolution in antiretroviral therapeutics.

Table 3 shows the correlation between very early and
late enrollment parameters. Enrollment during the first
month or two strongly correlated with the ability of a trial to
accrue patients eventually and reach its target enrollment.
The acceleration of enrollment in the first 2 months (the ra-

Fig. 1. Trajectories of the cumulative proportion of target enrollment
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tio of second to first month accrual) was also related signifi-
cantly to the eventual accrual. The more patients enrolled
the first 2 months, the greater the absolute enrollment and
the proportion of target enrollment eventually achieved.

Looking at the proportion of remaining total enrollment
separately in pediatric and adult studies, it is evident that the
correlation coefficients with early enrollment parameters
tended to be smaller in the pediatric trials (Table 4). The re-
lationship between very early and subsequent enrollment
did not differ substantially by trial domain or masking. The
mean proportion of target achieved did not differ signifi-
cantly by age of population (P 

 

&

 

 0.91), trial domain (P 

 

&

 

0.12) or masking (P 

 

&

 

 0.54).

 

4. Discussion

 

This analysis shows that there is a strong relationship be-
tween patient enrollment during the first 2 months and the
eventual ability of a trial to attain its target sample size. The
initial rate of enrollment seemed to determine the subse-
quent rates of patient recruitment. Inability to reach even
half of the target enrollment is not uncommon in RCTs and
it may occur in one of six efficacy trials conducted by a very
experienced, large trialist group. The data from these HIV
trials suggest that the feasibility or futility of a clinical trial
project can be gleaned from the early enrollment patterns to
a considerable extent.

Enrollment rates in RCTs are determined probably by a
cluster of several factors. First, some trials aim to enroll
from a prevalent pool of patients, while others have to wait
for new incident-eligible cases to accrue. In the presence of
a large prevalent pool of patients, enrollment may be rapid.
On the other hand, if the patient pool is incident, the enroll-
ment is usually protracted, because new eligible cases have
to be identified during the trial conduct. This is the case in
perinatal studies where the accrual is dependent on avail-
ability of new, incident cases of pregnant HIV-infected
women and not on the availability of an existing prevalent
pool of patients.

Second, the size of the prevalent patient pool largely de-
pends on how strict eligibility criteria are. For example,
ACTG 036 [9] tried to enroll exclusively hemophiliacs and
was unable to reach its target sample size. Restrictive entry
criteria may hinder the conduct of an RCT. Entry criteria
should be realistically selected and should be based on
sound clinical judgement, but trialists should avoid being
very restrictive.

Third, a critical factor is the attractiveness of the protocol
under the circumstances when the study is launched. Pa-
tients may be most eager to participate in studies of very
promising regimens. The availability of drugs only through
clinical research before licensing may further contribute to
the popularity of a trial, especially when alternative effec-
tive therapies are not available. During the trial’s conduct,

 

Table 3
Spearman correlations between very early and late enrollment

Very early accrual parameters

Total accrual Total remaining accrual

Absolute enrollment
Proportion of
target enrollment Absolute enrollment

Proportion of remaining
target enrollment

1

 

st

 

 month accrual 0.601

 

a

 

0.471

 

a

 

0.536

 

a

 

0.460

 

a

 

2

 

nd

 

 month accrual 0.751

 

a

 

0.516

 

a

 

0.600

 

a

 

0.503

 

a

 

1

 

st

 

 

 

%

 

 2

 

nd

 

 month accrual 0.699

 

a

 

0.526

 

a

 

0.533

 

a

 

0.508

 

a

 

2

 

nd

 

/1

 

st

 

 month accrual 0.507

 

a

 

0.265

 

b

 

0.513

 

a

 

0.259

 

b

 

1

 

st

 

/target accrual

 

'

 

0.040 0.374

 

b

 

'

 

0.107 0.360

 

b

 

1

 

st

 

 

 

%

 

 2

 

nd

 

/target accrual 0.152 0.517

 

a

 

'

 

0.007 0.503

 

a

a

 

P 

 

!

 

 0.001.

 

b

 

0.001 

 

#

 

 P 

 

!

 

 0.05.

Table 4
Spearman correlations of parameters of early accrual with the proportion of remaining target enrollment in various subgroups

Very early accrual parameters
Pediatric

 

n

 

 

 

&

 

 16
Adult

 

n

 

 

 

&

 

 61
Complications of HIV

 

n

 

 

 

&

 

 39
Antiretroviral therapy

 

n

 

 

 

&

 

38
Double-blind

 

n

 

 

 

&

 

 48
Single-blind or unmasked

 

n

 

 

 

&

 

 29

1

 

st

 

 month accrual 0.091 0.539

 

a

 

0.623

 

a

 

0.178 0.384

 

b

 

0.531

 

b

 

2

 

nd

 

 month accrual 0.103 0.576

 

a

 

0.454

 

b

 

0.328

 

b

 

0.384

 

b

 

0.689

 

a

 

1

 

st

 

%

 

2

 

nd

 

 month accrual 0.155 0.571

 

a

 

0.582

 

a

 

0.276 0.431

 

b

 

0.578

 

b

 

2

 

nd

 

/1

 

st

 

 month accrual 0.169 0.274

 

b

 

0.113 0.400

 

b

 

0.166 0.425

 

b

 

1

 

st

 

 month/target accrual 0.275 0.410

 

b

 

0.515

 

b

 

0.127 0.339

 

b

 

0.373

 

b

 

1

 

st

 

%

 

2

 

nd

 

 month/target accrual 0.418 0.538

 

a

 

0.627

 

a

 

0.266 0.485

 

a

 

0.543

 

b

 

HIV: human immunodefeciency virus

 

a

 

P 

 

!

 

 0.001.

 

b

 

 0.001 

 

#

 

 P 

 

!

 

 0.05.
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changes in attitude may occur due to external evidence,
such as results from another trial, or advances in the devel-
opment of alternative treatments. This is especially impor-
tant in rapidly changing fields such as HIV infection.
Changing attitudes may affect the popularity of a trial dur-
ing its conduct. Changes in enrollment may also result from
the licensing of hitherto experimental drugs.

Finally, if the network of trialists is not of adequate size,
the limited cumulative patient pool can result in problematic
enrollment. Usually this is not an issue for large-scale col-
laborations such as the ACTG, but it may be an issue in sin-
gle-center trials or trials conducted by smaller networks. Pa-
tient availability may become a problem even for large
collaborations when the targeted disease or population is
rare or uncommon. This was a common issue among trials
that were unable to reach half of their target sample size in
our series.

The strong association between early and subsequent en-
rollment that we observed can help in the assessment of a
trial’s conduct. Strong hints can be obtained as early as the
first 2 months. If early enrollment lags seriously behind the
expected, recruitment is unlikely to become satisfactory
later. Early enrollment may also offer realistic estimates of
how long it would take to complete enrollment and whether
the target is likely to be reached. Such information would be
important in steering the trial. Most of the trials that were
characterized as having rapid or very rapid enrollment
reached their target sample size. In a few cases early rapid
enrollment rates decelerated somewhat over time, but
hardly ever was there a trial of slow early enrollment that
subsequently accelerated. It is conceivable that exceptions
to this rule may occur in other fields of research, beyond
HIV infection, especially if there is less time pressure to ob-
tain results and a less rapidly changing therapeutic environ-
ment. However, with the currently limited resources, it is
likely that slow-starting trials will become increasingly dif-
ficult to bring to eventual fruition.

Most of the trials that had slow early enrollment did not
reach their target sample size (80%) and more than one-half
of them lasted longer than a year and some even several
years. One may raise concerns about futility: Is it legitimate
to continue a trial when its enrollment pattern predicts it
will most likely be unable to reach its target, especially if re-
sources for clinical research are limited [10–13]? Consider-
ations of futility may differ in various RCT settings [14]. In
some cases, investigators may expect that even an under-
powered trial may offer some useful, even if not conclusive,
information. Incomplete information from several small tri-
als may subsequently be subjected to meta-analysis and the
pooled results may become decisive [15,16]. In other cases,
especially when early enrollment lags seriously behind the
expected, early termination due to futility should be seri-
ously considered. Alternatively, one may consider making
extensive changes to a protocol, such as relieving restric-
tions to eligibility criteria. Such changes are often made in
HIV-related trials. However, our data suggest that impres-

sive accelerations of enrollment are unlikely to be achieved.
Early enrollment data can give strong evidence on the feasi-
bility of an RCT and may help the steering committee glean
the eventual fate of a trial.

We found no evidence that the age of the patient popula-
tion, the trial domain or masking affected the final ability of
a trial to accrue its target. There is concern that double-blind
placebo controlled studies may be less attractive [17] to pa-
tients’ participation, but empirical evidence from our data-
base suggests that overall double-masked studies reached as
much of their target as unmasked ones.

One disadvantage of our study is that it was limited only
to the field of HIV with its own peculiarities of rapidly ex-
panding therapeutics and changes in the course of the epi-
demic which may affect the available patient pools over
time and their heterogeneity [18,19]. It is unknown whether
in other diseases with steadier prevalent patient pools, the
enrollment patterns may be even more predictable and early
enrollment may be even more decisive for the fate of a trial.
Although ACTG represents the largest multicenter clinical
trials group in the HIV field and it may be difficult to as-
semble a similar amount of data in other domains, cross-
trial analyses of enrollment in other multicenter trial groups
should be encouraged. Additionally, further analyses in
non-randomized observational prospective studies could
complement our insight of enrollment patterns and their sig-
nificance in other types of prospective research designs.
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