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Purpose: To assess methodology, results and interpretation of oncology randomised con-
trolled trials closed early for benefit (RCTCEB).
Methods: Structured literature search (1950-2008) to identify all published oncology
RCTCEB. We then searched for related follow-up articles and conference abstracts to eval-
uate whether study results and conclusions changed with longer follow-up. A standardised
data abstraction process captured information related to statistical methodology, details of
interim analyses, results and conclusions. Original articles and follow-up reports were
compared for results of primary end-point and author conclusions.
Results: We identified 71 RCTCEB. In 16 articles (23%) the study primary end-point was not
explicitly stated. Most trials were open to accrual (47/71, 66%) at the time of closure. Formal
interim analysis was performed in 65 (92%) trials of which 72% (47/65) was reported as
planned; 82% (53/65) reported stopping rules. Trials on average accrued 75% of the planned
sample size. Amongst the 23 (32%) RCTCEB with follow-up reports, in only one case did the
study results or conclusions change substantially.
Conclusions: While the majority of oncology RCTCEB follows rigourous methodological
principles, an important percentage includes limitations in design and/or analysis.
Amongst the 23 studies with subsequent follow-up reports, initial results were confirmed
in 22 (96%).

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Therefore, rigourous analytical methodologies for interim
analyses have been proposed, including the use of stopping

Early closure of randomised controlled trials (RCTs) based on
interim observation of large differences between treatment
arms is being increasingly reported. While some suggest that
oncology RCTs closed early for benefit (RCTCEB) may overes-
timate benefits’™, a recent analysis of National Cancer Insti-
tute (NCI) cooperative group trials observed that treatment
effects were maintained with longer follow-up.”

Risks of false-positive findings of RCTCEB are well recogni-
sed and relate to statistical issues, including the inherent
instability of early results and multiple ‘looks at the data’.

rules associated with p-value thresholds less than 0.05 and
consideration of alpha-spending to preserve an overall signif-
icance level of 0.05.%” Although recent overviews of oncology
RCTCEB have confirmed that early closure is increasingly
common®?”, descriptions of the methodology of these trials
are limited. Furthermore, only a single report dedicated to
cancer trials has described the long-term follow-up of these
trials and this report was restricted to trials conducted by
NCI cooperative groups.” We, therefore, undertook this study
to evaluate statistical methodologies of RCTCEB and to com-
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pare study conclusions at the time of closure with reports of
longer follow-up.

2. Methods

2.1. Identification of RCTs closed early for benefit

The study cohort includes published phase three oncology
RCTs closed early for benefit (RCTCEB). We included trials
where benefit was observed with the stated experimental
arm or with an active treatment control arm. We excluded
RCTs closed for reasons other than efficacy (i.e. regulatory/
administrative decision, results of other studies, poor accrual,
futility, toxicity) and articles reporting exploratory, subset or
pooled analyses were excluded. RCTs closed for futility were
defined as those RCTs closed in which there was no observed
difference between the study arms; the experimental arm
was worse than the best supportive care/placebo; or a new
therapy is added to the standard of care and was inferior to
the standard of care alone. Eligible studies were identified
from a comprehensive literature search, citations from other
published overviews and investigator files.

MEDLINE (1950 - 31st May 2008) and EMBASE (1980 - 31st
May 2008) were searched using the key words; RCT, phase
IlI, oncology; early termination (e.g. stopped, halted, closed,
premature, early); Data Safety Monitoring Board (DSMB); in-
terim analysis; and unblinding. To increase the sensitivity of
our searches, multiple key word combinations were used. Pre-
liminary results were pooled and screened for eligibility. Eng-
lish-language abstracts were reviewed to identify direct or
indirect references to premature closure of the study. When
an abstract used the term ‘interim analysis’, but an indication
of trial closure and/or the reason for this were not indicated,
the full text of the article was reviewed. We also included
additional RCTCEB known to investigators from overviews re-
cently published by Wilcox et al.?, Trotta et al.?, Korn et al.®,
and our own group®’ and RCTs from our personal files.

2.2. Identification of follow-up analyses

To explore whether interim results leading to study closure
change substantially with follow-up, we also searched for up-
dated RCT results. Using the names of first and last authors,
we searched MEDLINE and EMBASE for articles published up
to 31st May 2008 and searched electronically for abstract pre-
sentations at the annual meetings of the American Society of
Clinical Oncology (1995 - 31st May 2008) and the American
Society of Hematology (2004 — 31st May 2008).

2.3. Data abstraction

Data capture forms were developed for the initial RCTCEB
publication, follow-up articles, and related abstracts. To guide
data abstraction, a manual was created and forms were pi-
loted on a series of 10 trials before undergoing final revision.

Variables captured included details of study design, spon-
sorship, statistical methodology, results and author conclu-
sions. Author conclusions were assigned a score from 1 to 7

based on a scale developed by Ridker and Torres’®; 4/7 for a
neutral statement, 7/7 for strong endorsement of the experi-
mental arm and 1/7 for strong endorsement of the control
arm (see Box 1). As previously defined®®, author conclusions
were deemed to endorse the experimental arm if the author
score was 6 or 7 and to endorse control arm if the author score
was 1 or 2. Industry support was determined based on explicit
statements in the article and affiliations of study authors. For
solid tumour trials, early-stage refers to neoadjuvant/adju-
vant therapy and advanced-stage refers to palliative therapy
for metastatic disease. For haematologic malignancies,
early-stage refers to first-line therapy and advanced-stage re-
fers to trials in the relapsed or refractory settings. We used
dates of subject enrollment and pre-specified sample size to
determine whether the RCTCEB was closed while study ac-
crual was ongoing.

Box 1 Grading scale for authors’ conclusions.

Score (/7) Authors’ conclusion

1 Standard of care (SOC) was significantly better
and/or highly preferred

2 The SOC was significantly better and/or
moderately preferred

3 The SOC was non-significantly better
The SOC and newer treatment were equivalent

5 The newer treatment was non-significantly
better

6 The newer treatment was significantly better
and/or moderately preferred

7 The newer treatment was significantly better
and/or highly preferred

2.4. Comparison of initial results with longer follow-up

Results of the primary end-point and author conclusion score
were compared with related follow-up articles and abstracts
where available. Author conclusions were considered discor-
dant if there was a change in the recommendation to adopt
(or not adopt) the experimental regimen as assessed by a
change in score from <5 to >5 (or vice versa) for superiority
trials, or from <4 to >4 (or vice versa) for non-inferiority.’

2.5.  Statistical analysis

Descriptive statistics were used to summarise data. To de-
scribe effect size in a consistent manner across trials, hazard
ratios (HR) for the primary end-point in RCTCEB favouring the
control arm were converted to 1/HR. The characteristics of
RCTCEB were compared by date of publication (1985-1999 ver-
sus 2000-2008), sponsorship (cooperative group versus non-
cooperative group; industry versus non-industry), trial arm
demonstrating benefit (experimental versus control) and
whether a follow-up report was identified (yes versus no).
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Proportions between groups were compared using Fisher’s ex-
act test; means were compared with the t-test. All analyses
were performed using SAS 9.1.

3. Results

Results of the literature search are shown in Fig. 1. The com-
bined literature searches yielded 1219 articles; 1133 were not
randomised controlled trials with early closure. Of the
remaining 86 RCTs, 36 were excluded as closure was because
of futility (n = 23), toxicity (n = 3) or other reasons (n = 10). Six
other studies were excluded because they were only partially
closed (n=3), were not in English (n=1), or represented
pooled (n = 1) or re-randomisation analyses (n = 1). Twenty-se-
ven additional RCTCEB were identified from published over-
views of oncology RCTs*>*>® and investigator files. The final
study cohort included 71 RCTCEB; 58 (82%) favouring the
experimental arm and 13 (18%) favouring the active treatment
control arm.

Study cohort characteristics are shown in Table 1. The
most common disease sites were breast (12/71, 17%), lung
(9/71, 13%) and haematologic malignancies (20/71, 28%) and
most publications were in high-impact medical journals.
Sixty-one percent (43/71) of reports was published since
2000, 58% (41/71) was conducted by cooperative groups and
31% (22/71) was supported by industry. The study intervention
involved systemic therapy (cytotoxic chemotherapy, hor-
monal or targeted agent) in 83% (59/71) of trials.

Aspects of study design and statistical methodology are
shown in Table 2. Almost all studies (66/71, 93%) were parallel
group superiority trials. Median sample size was 312 patients
(range 27-13,388). In 16 articles (23%), the study primary end-
point was not explicitly stated. Intention-to-treat (ITT)

Literature search findings
N=1219

> Did not meet eligibility criteria
N=1133

RCTs closed early
N=86

Closed for other reasons N=36
Toxicity= 3
= Fuility=23
v Other= 10
RCTs closed early for benefit
N=50

Excluded N= 6
French language= 1
Secondary randomization= 1
Pooled data= 1
RCT partial closure= 3

v

Eligible RCTCEB

N=44
Trials from other sources N= 27
@=——====|" Other published overviews= 25
Investigator files= 2
Study cohort of RCTCEB
N=71

Fig. 1 - Results of search strategy for randomised controlled
trials closed early for benefit (RCTCEB).

able 1 - Study characteristics of RCTs closed early for
benefit (n = 71)°.

Disease site

Breast 12 (17%)
Lung 9 (13%)
Myeloma 6 (8%)
Leukaemia 9 (13%)
Lymphoma 5 (7%)
Other 30 (42%)
Journal

New Engl ] Med 20 (28%)
J Clin Oncol 22 (31%)
Blood 5 (7%)
JNCI 3 (4%)
Lancet 8 (11%)
Other 13 (18%)
Year published

Pre-1985 0 (0%)
1985-1989 6 (8%)
1990-1994 9 (13%)
1995-1999 13 (18%)
2000-2004 19 (27%)
2005-2008 24 (34%)
Setting®

Early stage 38 (54%)
Advanced 30 (42%)
Supportive care 1 (1%)
Prevention 2 (3%)
Study origin

North America 39 (55%)
Europe 26 (37%)
Other 6 (8%)
Participants

National 41 (58%)
International 30 (42%)
Organisation

Multicenter 63 (89%)
Co-operative group 41 (58%)
CTEP coop group 25 (35%)
Non-CTEP coop group 16 (23%)
Sponsorship

For-profit 12 (17%)
Non-profit 41 (58%)
Mixed 10 (14%)
Not known 8 (11%)
Intervention

Chemotherapy 46 (65%)
Placebo/observation 12 (17%)
Hormonal therapy 5 (7%)
Targeted agent 13 (18%)
Complementary medicine 1 (1%)
Surgery 2 (3%)
Radiotherapy 8 (11%)
Other 9 (13%)
Study arm showing benefit

Experimental 58 (82%)
Control 13 (18%)

@ Percentages may not add up to 100% due to rounding.

Y For solid tumour trials early-stage refers to neoadjuvant/adjuvant
therapy and advanced-stage refers to palliative therapy for meta-
static disease. For haematologic malignancies, early-stage refers to
first-line therapy and advanced-stage refers to trials in the relapsed
or refractory settings.
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Table 2 — Design characteristics of RCTs closed early for benefit (n = 71).

Variable

All randomised controlled trials closed
early for benefit (RCTCEB) (n=71)?

Statement of primary end-point
Explicit

Implied

Not stated

Nature of primary end-point
0OS

DFS/RFS/EFS

TTP/PFS

RR

Other

Missing

Study design
Intention to treat all randomised
Power calculation reported
Median hazard ratios [HR] (range)
Median power (range)
Median target sample size (range)

55 (77%)
15 (21%)
1 (1%)

25 (35%)
16 (23%)
14 (20%)
8 (11%)
7 (10%)
1 (1%)

42 (59%)

59 (83%)

0.69 (0.20, 0.88)
0.80 (0.80, 0.96)
354 (44, 4800)

With Data Safety Monitoring Board (DSMB) 44 (62%)
Statement of independence 20 (28%)
At time of early closure
Accrual ongoing 47 (66%)
Therapy ongoing 62 (87%)

Interim analyses
Was [A performed?

Yes 65 (92%)

No 0 (0%)

Not stated 5 (7%)

Continuous sequential 1 (1%)
Amongst trials with interim analysis (n = 65)

Planned 47/65 (72%)

Unplanned 8/65 (12%)

Not stated 8/65 (12%)

Median number of IA planned (range) 2(1,5)
Was IA end-point specified?

Yes 40/65 (62%)

If yes was it as primary EP? 34/40 (85%)
IA triggered by

Number of events
Time of study duration in months
Accrual targets

20/65 (31%)
5/65 (8%)
18/65 (28%)

Not stated 24/65 (37%)
Was stopping rule stated?
Yes 53/65 (82%)

If yes, stopping rule was
Numeric boundary® 20/53 (38%)
O’Brien Fleming 27/53 (51%)
Pocock 2/53 (4%)
Sequential 2/53 (4%)
Other method 1/53 (2%)
p-Value provided for stopping rule
Yes 30/53 (57%)
Median p-value threshold for stopping (range) 0.0080 (0.00025, 0.05)

@ Denominator is 71 unless otherwise noted. Percentages may not add up to 100% due to rounding.
b Numeric boundary refers to trials in which an explicit p-value threshold was stated as the stopping rule with
no other stopping rule methodology specified.

analysis of all randomised patients was performed in only
59% (42/71). Most trials were open to accrual (47/71, 66%) at
the time of early closure. In 24 trials accrual was completed

and the trials were in the follow-up phase when the interim
data led to early ‘closure’ and release of study results. Formal
interim analyses were performed in 65 (92%) trials, of which
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72% (47/65) was reported as planned; 82% (53/65) reported
stopping rules. Planned interim analyses were based on num-
ber of events (20/65, 31%), accrual targets (18/65, 28%) or time
of study conduct (5/65, 8%). In 24 cases (37%), the trigger for
the interim analysis was unspecified. Most trials describing
stopping rules used O’Brien Fleming methodology (27/53,
51%) or specified a numeric threshold (20/53, 38%). Amongst
the 30 trials which specified threshold p-value for study clo-
sure, the median p-value was 0.008 (range 0.00025-0.05).
Results of the RCTCEB are shown in Table 3. Trials on aver-
age accrued 75% of the planned sample size. Thirty-five per-
cent of RCTs (21/60 evaluable RCTs) accrued less than 60%
and 27% (16/60) accrued more subjects than originally
planned; the latter trials were considered stopped early due
to an interim analysis done after the completion of accrual
but before mature follow-up data and/or targeted number of
events were available. Comparisons of the observed versus
planned number of events (as incorporated into a power cal-
culation) were limited because these data were available for
only six trials; amongst these, the mean observed number
of events at the time of study closure was only 42% of

expected (range 23-53%). In each of the 25 trials reporting a
HR for the primary end-point, the p-value was <0.05; the
mean HR was 0.50 (range 0.20-0.79).

Analyses of RCTCEB methodology are shown in Table 4.
Trial methodology and reporting have improved between
1985-1999 and 2000-2008; a greater proportion of RCTCEB
now reports a prospectively determined primary end-point
(41/43 [95%] versus 14/28 [50%]; p<0.001), involvement of
DSMB (36/43 [84%)] versus 8/28 [29%]; p = 0.001), a planned in-
terim analysis (38/43 [88%] versus 16/28 [57%]; p = 0.004) and
explicit stopping rules (40/43 [93%] versus 14/28 [50%];
p =0.004). Contemporary RCTCEB are also enrolling a greater
proportion of patients relative to the targeted sample size
(mean 81% versus 63%; p =0.006). Cooperative group trials
were less likely to report using an ITT analysis as compared
with non-cooperative group sponsorship (18/41 [44%)] versus
24/30 [80%)]; p = 0.003); other differences in design or analysis
were not detected. RCTCEB sponsored by industry were more
likely than trials not sponsored by industry to explicitly state
the primary end-point (22/22 [100%] versus 33/49 [67%];
p =0.002), close with a greater proportion of patients accrued

Table 3 — Results of RCTs closed early for benefit (n = 71).

Mean, median (range)

Patients reported compared to planned sample size
Patients reported/planned sample size (n = 60)

Ratio
0.2 -<0.4
0.4 - <0.6
0.6 - <0.8
0.8 -<1.0
>1.0

Median follow-up (months)

Number trials that report follow-up
All trials (n = 44)
Early stage trials (n = 32)?
Advanced stage trials (n = 11)*

Number of events
All trials (n = 25)

Observed events/events specified in power calculation (n = 6)

0.2 -<0.4
0.4 -<0.6

Timing of trial conduct (months)
Analysis to closure (n =31)
DSMB meeting to closure (n = 12)
Closure to publication (n = 47)

Summary measures®

Trials with HR
Number trials with HR p < 0.05
Distribution of HR

Trials with RR

0.75, 0.76 (0.26, 1.23)

4/60 (7%)
17/60 (28%)
14/60 (23%)
9/60 (15%)
16/60 (27%)

31.0, 30.5 (6.6, 82.8)
35.0, 34.3 (10.5, 82.8)
17.1, 17.6 (6.6, 32.4)

153, 144 (11, 475)
0.42, 0.42 (0.23, 0.53)
1 (17%)

5 (83%)

41.2,38.0 (7, 123)
2.2,1.0 (0, 11)
0.3,0 (0, 2)

32.4, 26.0 (1, 90)

25/71 (35%)

25/25 (100%)

0.50, 0.51 (0.20, 0.79)
3/71 (4%)

@ For solid tumour trials early-stage refers to neoadjuvant/adjuvant therapy and advanced-stage refers to
palliative therapy for metastatic disease. For haematologic malignancies, early-stage refers to first-line therapy
and advanced-stage refers to trials in the relapsed or refractory settings.

® Reported for primary end-point. HR for RCTCEB favouring control arm has been converted to 1/HR to reflect

consistent measurement of effect size across all RCTCEB.
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able 4 - Methodology of RCTCEB (n

Follow-up reported

Yes
n=23

Arm showing benefit

Industry sponsorship

Cooperative group
Yes

n=41

Year
1985-1999 2000-2008

Pa

No
n=48

pa

Experimental Control

pa

No
n=49

Yes

No
n =30

pa

n=13

n=>58

n=22

n=43

n=28

1.000
0.205

37 (77%)
31 (65%)

0.271 18 (78%)
1.000 11 (48%)

8 (62%)
8 (62%)

0.002 47 (81%)
0.010 34 (59%)

33 (67%)
24 (49%)

0.239 22 (100%)
0.003 18 (82%)

26 (87%)
24 (80%)

<0.001 29 (71%)

41 (95%)
30 (70%)

14 (50%)
12 (43%)

Primary EP
Intention-

0.029 18 (44%)

to-treat (ITT)

0.739

39 (81%)
30 (63%)
43 (90%)
36 (75%)
36 (75%)

0.72

1.000 20 (87%)
0.224 14 (61%)
1.000 22 (96%)
0.030 18 (78%)
0.001 18 (78%)

0.411 0.80

11 (85%)
7 (54%)

0.089 48 (83%)
0.062 37 (64%)
1.000 52 (90%)
0.156 47 (81%)
0.405 48 (83%)

<0.001 0.76

38 (78%)
23 (47%)
43 (88%)
34 (69%)
34 (69%)

0.67

0.218 21 (96%)
0.639 21 (96%)
0.424 22 (100%)
0.639 20 (91%)
1.000 20 (91%)

0.778 0.91

27 (90%)
17 (57%)
27 (90%)
22 (73%)
23 (77%)

0.74

0.051 32 (78%)
0.001 27 (66%)
1.000 38 (93%)
0.004 32 (78%)
0.004 31 (76%)

0.006 0.76

39 (91%)
36 (84%)
41 (95%)
38 (88%)
40 (93%)

Power calculated 20 (71%)

1.000
1.000
1.000
1.000
0.303

8 (29%)
24 (86%)

16 (57%)
14 (50%)

0.63

DSMB

13 (100%)
7 (54%)

6 (46%)
0.71

IA conducted
IA planned

Stopping rule

81
(0.26,1.23)

PActual versus

(0.36,1.13) (0.26,1.23)

(0.37,0.91)

(0.26,1.23)

(0.37,1.23) (0.26,1.16) (0.26,1.16) (0.34,1.23)

(0.36,1.05)

planned accrual

n==60

0.701

31.75

0.594 29.62

36.85

0.780 32.63 28.35 0.436 22.45 34.56 0.034 30.05

30.35

31.88

®Months follow-

(6.6,82.9)

(8.5, 59.5)
0.032 151 153

(10.5,82.8)

263.2

(6.6,69)

0.023 124.95

(8.5, 82.8)
104.87

(6.6,54.6)

0.807 224.2

(6.6,82.8)
143.78

(8.5,69)

0.139 157.56

(6.6,82.8)
179.47

(10.5,66)

9

44

PNumber

events n

up n

0.969

5.5

(11,415)

(18,475)

(203,415)

(11,475)

(11,415)

(18,475)

(11,415)

(16,475)

(11,475)

(13,368)
@ Calculated using Fisher’s exact test for proportions and t-test for means.

® Values shown reflect mean and range.

=25

compared with the planned sample size (mean 91% versus
67%; p < 0.001) and observe a greater number of events at
time (mean 224 versus 105; p = 0.023).

Our search for follow-up results identified articles for 18
RCTCEB and abstracts for an additional five RCTCEB. Com-
parative data for the trial primary end-point were available
in 16/18 and 3/5 cases, repectively,. As shown in Table 5,
the magnitude of effect and level of significance were very
consistent from primary publication to follow-up report in
all cases with a single exception. Amongst the 23 pairs
evaluable for author conclusions, we only identified one
study (4%) with a discordant conclusion.’™*? RCTCEB that
favoured the experimental arm were more likely than
those favouring the control arm to have published fol-
low-up reports (22/58 [38%] versus 1/13 [8%]; p = 0.049).
We did not detect any differences between those trials
associated with follow-up reports versus those that were
not with respect to the reported parameters of methodo-
logical quality (Table 4).

4, Discussion

We reviewed 71 oncology RCTs published between 1985 and
2008 that were closed early for benefit. Several important
findings have emerged. First, these reports are becoming
increasingly common, are usually published in widely-read
journals and are mostlikely to evaluate patients with breast,
lung and haematologic cancers. Second, most trials closed
before accrual has been completed. Third, we identified sev-
eral aspects of study design and reporting that are deficient;
23% of reports did not explicitly identify the study primary
end-point and only 59% included an ITT analysis of all ran-
domised patients. Fourth, we found that only 62% described
involvement of a DSMB. Fifth, up to 28% of RCTCEB was
closed based on unplanned interim analyses.

Despite these limitations, we found reasons for reassur-
ance. First, more recently published RCTCEB are associated
with improved methodological rigour; planned interim
analyses with formal boundaries for early trial closure
are described in at least 88% of these trials published since
2000. Finally, while we could only identify follow-up re-
ports for 32% of all RCTCEB (and 38% of those for which
experimental therapy was deemed superior), study results
and author conclusions were unchanged in all cases ex-
cept for one RCT, suggesting that initial efficacy results
are robust. The only example of a RCTCEB with inconsis-
tent results on follow-up was RTOG-9413 in which the ini-
tial treatment effect favouring whole-pelvic over prostate-
only radiotherapy disappeared with longer follow-up.***?

Given the increasing frequency of RCTCEB, it is appro-
priate to consider risks and benefits associated with these
reports. Provided that observed results are robust, early
trial closure and reporting of results represent an appropri-
ate action from scientific, ethical and resource utilisation
perspectives. When these results come from a properly de-
signed and analysed trial and confidently reject the trial’s a
priori null hypothesis (or confirm superiority of a control
arm), continued trial conduct delays adoption of a superior
treatment and unnecessarily continues to consume valu-
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Table 5 - Comparison of primary end-point results for RCTCEB with subsequent reports®.

References Disease N Year of report Results
Piccart-Gebhart et al.?’  Breast 5081 2005 2 year DFS 77% versus 86%
2007 3 year DFS 74% versus 81%
Goss et al.** Breast 5187 2003 4 year DFS 87% versus 93% HR DFS 0.57, p < 0.00001
2005 4 year DFS 90% versus 94% HR DFS 0.58, p < 0.01
2008 4 year DFS 91% versus 94% HR DFS 0.68, p = 0.0001
Fenaux et al.*? Leukaemia 102 1993 1 year EFS 50% versus 79%
2000 1year EFS 53% versus 83%
Fisher et al.*? Breast 13,388 1998 RR incidence rate 0.51, p < 0.00001
2005 RR incidence rate 0.57, p < 0.001
Herskovic et al.>* Oesophagus 129 1992 2 year OS 10% versus 38% MS 9 versus 13 mos
1997 2 year OS 10% versus 36% MS 9 versus 14 mos
1999 2 year OS 10% versus 36%
Lau et al.*® HCC 43 1999 3 year DFS 36% versus 75%
2008 5 year DFS 32% versus 62%
Rosell et al.®® NSCLC 63 1994 MS 8 versus 26 mos, p < 0.001
1999 MS 10 versus 22 mos, p = 0.005
Roth et al.?® NSCLC 60 1994 3 year OS 15% versus 56% MS 11 versus 64 mos, p = 0.0013
1998 3 year OS 19% versus 43% MS 14 versus 21 mos, p = 0.048
FCCCLLY Leukaemia 70 1986 2 year OS 44% versus 77%, p = 0.0013
1989 3 year OS 28% versus 71%, p = 0.0005
Kaye et al.*® Ovary 165 1992 HR OS 0.53, p = 0.003
1996 HR OS 0.68, p = 0.043
Richardson et al.*° Myeloma 669 2005 TTP 4 versus 6 mos
2007 TTP 4 versus 6 mos
Motzer et al.*° RCC 750 2007 PFS 5 versus 11 mos
2008 PFS 5 versus 11 mos
Geyer et al.*! Breast 324 2006 TTP 4 versus 8 mos HR TTP 0.49, p < 0.001
2007 TTP 4 versus 6 mos HR TTP 0.57, p = 0.00013
Markman et al.*? Ovary 277 2003 PFS 21 versus 28 mos, p = 0.035
2006 PES 14 versus 22 mos, p =0.01
Moertel et al.*? Colon 929 1990 HR 0S 0.67, p = 0.006
1995 HR OS 0.67, p = 0.0007
Tallman et al.** Leukaemia 346 1997 3 year DFS 32% versus 67%, p < 0.001
2002 5 year DFS 29% versus 69%, p < 0.001
Peters et al.* Cervix 243 2000 4 year OS 71% versus 81%, p = 0.007
2005 5 year OS 66% versus 80%, p = N/A
Morris et al.* Cervix 388 1999 5 year OS 58% versus 73%, p = 0.004
2004 5 year OS 52% versus 73%, p < 0.0001
Roach et al. **P Prostate 1292 2003 4 year PFS 46% versus 56%, p = 0.014
2007 4 year PFS 54% versus 54%, p = NS

2 DFS = disease-free survival; HR =hazard ratio; EFS =event-free survival, RR =risk ratio; OS =overall survival; MS =median survival;
TTP = time to progression; PFS = progression-free survival; and N/A = not available.

Y This trial had a factorial design; comparison of whole-pelvic versus prostate-only radiation was the one that crossed the interim monitoring
boundary and is the one reported here. The results presented herein are taken from the analysis by Korn et al.”> which were estimated from the
interim monitoring boundary and from the survival curves presented in the follow-up report.*?

able research resources. Potential risks of early closure have
received considerable attention.”® These mainly relate to
statistical principles associated with performing early and
multiple analyses. Comparative analyses based on a small
number of events are intrinsically unstable due to random
fluctuations and there is an increased probability of observing
false results when multiple comparisons are performed.
Through oversight of bodies such as a DSMB, the efficacy
and adverse events of a trial must be monitored to protect
the safety of enrolled subjects. Interim analyses are an essen-
tial component of these assessments. Interim analyses re-
quire greater levels of statistical significance than final
analyses, and final analyses must account for multiple
analyses.'* Because preliminary data are potentially unstable,
strategies to reduce risks of false-positive findings are needed

as adoption of new treatments based on such results might
subject future patients to therapy that is either ineffective
or harmful. In our study, we were able to compare results of
the primary end-point and author conclusions for 23 RCTCEB
associated with published follow-up. While it is encouraging
that discordant results were observed in only a single case,
suggesting that benefits and risks of the superior therapy
are preserved over time, we cannot exclude the possibility
of bias in preferentially reporting trials that continue to dem-
onstrate such benefits. Another potential risk occurs when
early trial closure based on evaluation of one end-point com-
promises the ability to rigourously evaluate other end-points
(such as quality of life, overall survival, and long-term toxic-
ity), especially when cross-over of patients from one arm to
another occurs. This risk is particularly important when the
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trial’s primary outcome is of a surrogate nature (e.g. progres-
sion or disease-free survival) and has an uncertain relation-
ship with a more definitive health care policy-driving
outcome (e.g. overall survival). Finally, RCT closure for benefit
may result in altering the conduct of other similar studies
(e.g. trial closure, compromise of accrual), thus precluding full
testing of the hypotheses upon which these trials were based.

In order to maximise potential benefits and minimise po-
tential risks associated with early RCT closure, fundamental
biostatistical and methodological processes have been
proposed.®’ However, we found that 23% of RCTCEB are
reported without explicit definition of the primary end-point.
This is consistent with the previous work by our group and
others.®™ In order to minimise the chance of false positive re-
sults, interim analyses should be pre-planned, performed un-
der the oversight of an independent DSMB, and have a more
stringent threshold for statistical significance than the usual
alpha of 0.05. While it is concerning that a substantial propor-
tion of studies we identified were closed on the basis of un-
planned analyses and appear to have been conducted
without a DSMB, it is important to again note that improve-
ments over time have been observed. Finally, robust follow-
up data were not identified for 68% of trials in our cohort.
Long-term follow-up of efficacy and toxicity results is essen-
tial so that clinicians can understand whether potential prac-
tice-changing results are durable.

The results of this study build upon work done by others.
In their overview of 143 RCTs stopped early for benefit, Mon-
tori found that, on average, RCTs recruited 63% of the planned
sample size and stopped after a median of 13 months follow-
up, and when a median of 66 patients had experienced the
end-point driving study termination.’ The median risk ratio
amongst these 143 RCTs was 0.53. Reporting of interim anal-
ysis statistical methodology was found to be poor. The
authors concluded that RCTCEB often fail to report relevant
information about the decision to stop early and observed
implausibly large treatment effects and suggested that clini-
cians should view such results with skepticism. In a sub-
group analysis of the 29 oncology RCTs within this cohort,
Wilcox also described a significant correlation between fewer
events and treatment effect (r = 0.75, p < 0.0001). In a related
study, Trotta analysed 25 oncology RCTCEB published be-
tween 1997 and 2007 and suggested that early termination
may be driven by commercial interests and that only untrun-
cated trials could provide high-quality evidence that should
translate into clinical practice.®

As we have previously commente , the above analyses
do not appear to account for the potential that appropriate
methodological and statistical principles may have been ap-
plied and that early trial closure and reporting represent
‘true-positive’ rejection of a trial’s null hypothesis. Korn’s
description of 27 NCI-funded co-operative group trials that
were closed early for benefit supports the conclusion that
early closure may be appropriate.® In that analysis, they
found that amongst 18 trials for which follow-up was avail-
able, initial magnitudes of benefit were preserved in 17
(94%) trials; an accompanying editorial concluded that ‘.. .the
system is working’.*®

While our results are compatible with the work by Korn
et al.>, they are divergent from the recent study by Bassler

d16,17

et al.* who compared the treatment effect from 91 RCTs
(including 10 oncology) closed early for benefit with that from
meta-analyses of RCTs addressing the same question but not
stopped early. They found that the pooled ratio of relative
risks amongst the truncated RCTs versus matching non-trun-
cated RCTs was 0.71 (96% CI 0.65-0.77). Furthermore, they
found that the pooled effects in most (62%) non-truncated
RCTs failed to demonstrate significant benefit. From an onco-
logical perspective, this report is limited in power as it in-
cluded only 10 RCTCEB. Furthermore, on review it appears
that at least some of the non-truncated oncology RCTs used
for comparative purposes included patients with different
disease histology'®*® and stages®*'*, and involved different
chemotherapy drugs and regimens.>*%° These differences
raise important questions about whether their findings ex-
tend to RCTCEB in oncology.

Reasons for early trial closure may differ based on the
stage of therapeutic development. Amongst the 83 RCTs
closed early that were identified in our initial literature search
(Fig. 1), 50 RCTs (50/83, 60%) were closed for benefit and 23 (23/
83, 27%) were closed for futility. In their overview of random-
ised phase II trials, Lee and Feng®® identified 45 trials that
were closed early. Amongst these trials, only 13% were closed
for benefit and 69% were closed for futility. This likely relates
to the fact that agents undergoing phase III evaluation have
already met a minimum efficacy bar in earlier trials and are,
therefore, less likely to lead to futility than agents under
study in the phase II setting.

Our study is the largest overview of oncology RCTs closed
early for benefit. Itis also the first to explore methodology of in-
terim analyses and compare conclusions at time of trial closure
with those observed with longer follow-up. Our study is limited
by potentially having missed RCTCEB with our search strategy
and basing our analyses of trial design and statistical method-
ology on reported information; it remains possible that some
RCTCEB adhere to recommended design principles but do not
report these details. Finally, our search for follow-up reports
may be limited by publication bias and/or may underestimate
the level of reporting since our search periods for RCTCEB
and follow-up were both conducted as of 31st May 2008.

In summary, RCTCEB in oncology are increasingly common
and quality of these trials has improved over time. Our results
demonstrate that when reported, the conclusions of RCTCEB
are preserved with longer follow-up. However, limitations in
reporting of long-term follow-up remain and a potential for pub-
lication bias cannotbe excluded. Itis essential for trialists to prop-
erly design, analyse and report details of their studies so that
other investigators, clinicians and policy-makers can estimate
the validity of results when trials are closed early and carefully
consider the implications of their adoption into practice.
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