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ABSTRACT

Objectives To identify non-inferiority trials within a
cohort where the experimental therapy is the same as the
active control comparator but at a reduced intensity and
determine if these non-inferiority trials of reduced intensity
therapies have less favourable results than other non-
inferiority trials in the cohort. Such a finding would provide
suggestive evidence of biocreep in these trials.

Design This metaresearch study used a cohort of non-
inferiority trials published in the five highest impact
general medical journals during a 5-year period. Data
relating to the characteristics and results of the trials were
abstracted.

Primary outcome measures Proportions of trials

with a declaration of superiority, non-inferiority and

point estimates favouring the experimental therapy and
mean absolute risk differences for trials with outcomes
expressed as a proportion.

Results Our search yielded 163 trials reporting 182
non-inferiority comparisons; 36 comparisons from 31
trials were between the same therapy at reduced and full
intensity. Compared with trials not evaluating reduced
intensity therapies, fewer comparisons of reduced intensity
therapies demonstrated a favourable result (non-inferiority
or superiority) (58.3%Vvs82.2%; P=0.002) and fewer
demonstrated superiority (2.8%vs18.5%; P=0.019).
Likewise, point estimates for reduced intensity therapies
more often favoured active control than those for other
trials (77.8%Vvs39.7%; P<0.001) as did mean absolute risk
differences (+2.5%vs —0.7%; P=0.018).

Conclusions Non-inferiority trials comparing a therapy

at reduced intensity to the same therapy at full intensity
showed reduced effects compared with other non-
inferiority trials. This suggests these trials may have a
high rate of type 1 errors and biocreep, with significant
implications for the design and interpretation of future
non-inferiority trials.

INTRODUCTION

As non-inferiority trials become common-
place,' * concerns about their validity take
on greater importance.” In a typical non-in-
feriority trial, an experimental therapy
of unknown efficacy is compared with an
active control which previously has been
compared with placebo in a superiority trial
and found to be efficacious. One assump-
tion inherent in non-inferiority trials is that a

Strengths and limitations of this study
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» Hypothesis-driven and novel study addressing a
topic for which there exist few empirical data.

» Rigorous and transparent methods using a cross-
section of non-inferiority trials from the five highest
impact journals.

» The cross-section represents only a small subset of
all journals.

new (experimental) therapy that is declared
non-inferior to an efficacious comparator
would be superior to placebo if this hypoth-
esis were tested in a superiority trial.” ® This
‘presumed superiority to placebo’ may be
incorrect if the non-inferiority trial has a
large margin of non-inferiority and the results
favour active control.”® The ‘presumed supe-
riority to placebo’ may also be incorrect in
the case where several iterations of non-in-
feriority trials occur, a phenomenon called
‘biocreep’ (see figure 1). Few empirical data
exist as to if and how often therapies declared

non-inferior have reduced effectiveness

due to erosion of presumed superiority to
8-10

placebo.

We recently observed that non-inferiority
trials have been used to compare therapies at
a reduced intensity (in terms of cumulative
dose or omission of a component of a multi-
faceted therapy) to the same therapy at full
intensity, with the aim of reducing costs or
making the therapy more convenient or less
toxic. For example, recent trials compared
low-dose tissue plasminogen activator (TPA)
to standard dose TPA for ischaemic stroke,
omitted bleomycin from Adriamycin, bleo-
mycin, vinblastine, dacarbazine therapy for
lymphoma and tested intermittent versus
continuous androgen deprivation for prostate
cancer.""™ Non-inferiority trials of reduced
intensity therapies present a unique opportu-
nity to evaluate degradation of the presumed
superiority to placebo of experimental ther-
apies in these trials. In most non-inferiority
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Figure 1

Diagram showing loss of presumed superiority to placebo with reduced intensity aspirin therapy in a hypothetical

sequence of trials. The experimental therapy is on the left in each panel and the control is on the right; point estimates are
represented as black ovals with bisecting horizontal lines representing 95% Cl—point estimates on the left of the centre line
favour the experimental therapy and point estimates on the right favour the active control. In panels 2-6, the vertical dashed line
represents the margin of non-inferiority. In panel 1, aspirin 325 mg is superior to placebo control in a superiority trial. In panel 2,
reduced dose aspirin at 162mg as the experimental therapy is compared with full-dose aspirin as active control. The difference
favours full-dose aspirin, but the reduced dose meets non-inferiority criteria because the upper bound of the 95% CI does not
cross the non-inferiority margin. The dose of aspirin is successively reduced in panels 3-5, with the reduced dose from the
previous panel serving as the active control in the subsequent panel. By panel 6, the dose of active control aspirin is 20mg, and
the experimental therapy is aspirin at a dose of 0 mg (ie, placebo) and placebo is non-inferior to aspirin—a highly paradoxical
result compared with panel 1 where aspirin was superior to placebo. This result is obtained because in panels 2-6, reduced
efficacy of the experimental therapy is concealed in the margin of non-inferiority. This phenomenon has been called ‘biocreep’.

ASA, aspirin.

trials of novel experimental therapies, there is little
evidence to suggest how the novel therapy will fare
compared with the active control—it may be better, the
same or worse. Because of dose-response effects, there
is good a priori reason to suspect that reduced intensity
therapies will be less efficacious than the full-intensity
active control.'* If many reduced intensity therapies none-
theless meet non-inferiority criteria, this would constitute
suggestive evidence of some loss of presumed superiority
to placebo. An empirical demonstration of such an effect
does not exist to date.

In the most extreme case, one or more dose reduc-
tions could result in a reduced intensity therapy that
approximates a placebo but is nonetheless considered
non-inferior to a higher dose. Figure 1 shows how this
could happen. In the first panel, full-dose aspirin is
shown to be superior to placebo in a superiority trial.
In the second panel, a non-inferiority trial compares
reduced dose aspirin (as experimental therapy) to full-
dose aspirin (as active control), and the reduced dose is

found to be numerically but not statistically worse with
the upper bound of the CI below the prespecified margin
of non-inferiority. In this scenario, reduced dose aspirin
meets non-inferiority criteria when compared with full-
dose aspirin even though there is a strong trend towards
statistical inferiority of reduced dose aspirin. In the next
panel, a further reduction in aspirin dose is again numer-
ically worse than the previous reduced dose, but the CI
does not include the margin of non-inferiority and it is
declared non-inferior. This sequence culminates in the
paradoxical result in panel 6, where the dose of the exper-
imental therapy is reduced to zero, making it a placebo
which is non-inferior to aspirin. In this hypothetical
sequence, inferiority of reduced dose aspirin is obscured
within the margin of non-inferiority in panels 2-5.
However, the process need not be iterative—some loss of
efficacy and thus presumed superiority to placebo occurs
with just one dose reduction in panel 2. This problem
will be exacerbated with larger margins of non-inferiority
and greater reductions in therapy intensity. Though this
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Figure 2 Flow diagram showing selection of trials.

phenomenon, called ‘biocreep’, could happen in any
non-inferiority trial, the likelihood would appear to be
greater in trials of reduced intensity therapies because of
fundamental dose-response considerations.

We compiled a cohort of non-inferiority trials, cate-
gorising them based on whether they compared a reduced
intensity therapy to a full-intensity active control or other-
wise. We hypothesised that trials of reduced intensity ther-
apies would have less favourable results (in terms of point
estimates and declarations of superiority and non-inferi-
ority) than trials that were not testing a reduced inten-
sity therapy as the experimental therapy. We also wanted
to determine if the margin of non-inferiority was more
conservative in trials of reduced intensity therapies.

METHODS

This study used a dataset that was created for a different
analysis of non-inferiority trials."”. We searched Medline
for iterations of non-inferiority (eg, non-inferiority,
non-inferior)'® combined with the Medline-recognised
names of the five highest impact general medical jour-
nals (New England Journal of Medicine, Lancet, JAMA, British
Medical Journal, Annals of Internal Medicine) to identify
manuscripts reporting the results of prospective parallel
group randomised controlled trials using a test of non-in-
feriority for the primary hypothesis published between
June 2011 and October 2016 (inclusion criteria). Our
5-year retrospective search period began in June 2016
and took until the end of October. Prior to analysing the
results, we elected to include articles published during the
period of our search from June through October to make
the dataset as contemporary as possible. We reviewed the
resulting abstracts and manuscripts and excluded those
that did not meet inclusion criteria, those that used a

Open Access

cluster randomised design or Bayesian methodology,
those that did not use an active control (eg, Food and
Drug Administration-mandated safety trials comparing
a new therapy to placebo) and those reported data
that were incomplete or could not be summarised. We
extracted data relating to design parameters and results
into a standardised form. We categorised trials as testing
a reduced intensity therapy if the new therapy used the
exact same agents as the comparator but with a reduced
dose, duration, an increased dosing interval at the same
dose or the removal of one or more of the components
of a multicomponent active control. We cross-checked
the data several times with redundant methods to ensure
accuracy, and one author (AMH) checked a 10% random
sample of the data for accuracy and found no errors.

We used raw data from the trials to calculate two-sided
95% CIs for all results and categorised them according to
Consolidated Standards of Reporting Trials (CONSORT)
recommendations.'” We chose to do this to standardise
the presentation of results to comport with figure 1 of
the CONSORT statement.'”'® We coded a trial’s results as
favourable if they warranted a CONSORT declaration of
non-inferiority (the upper bound of the 95% CI excluded
the prespecified margin of non-inferiority) and/or supe-
riority (the upper bound of the 95% excluded zero differ-
ence). For trials where the primary outcome was reported
as a measure of risk (eg, HR, OR or relative risk), we
calculated the absolute risk difference for the primary
outcome for use in quantitative analyses.'’ For trials that
reported multiple primary outcomes, we considered the
first outcome mentioned in the manuscript to be the
primary outcome. For trials where multiple interventions
(eg, multiple doses of the same drug) were tested in inde-
pendent groups, we considered these to be independent
non-inferiority comparisons. We used %> and Student’s
t-tests where appropriate. All descriptive statistics and
analyses were performed with STATA V.14.

RESULTS

Figure 2 shows the results of our search strategy. From
403 manuscripts reporting 406 independent trials, 198
were excluded based on review of the abstract because
inclusion criteria were not met, and 45 were excluded
after manuscript review because inclusion criteria were
not met or exclusion criteria were met. This left 160
manuscripts reporting 163 trials and 182 non-inferiority
comparisons.

Table 1 shows basic characteristics of the trials. The
two highest impact journals (New England Journal of Medi-
cine and Lancet) published 127 (78%) of the trials. Four
specialty orientations accounted for over half of the trials:
infectious diseases, haematology/oncology, cardiology
and pulmonary/critical care (see table 1).

There were 31 trials and 36 comparisons of a reduced
intensity therapy as the experimental therapy to a full-in-
tensity active control. A selection of these trials and
the therapies they evaluated is listed in table 2. The
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Table 1 Characteristics of 163 included trials

Non-RIT
All trials n trials n RIT trials
(%) (%) n (%)
Total Total
n=163 n=132 Total n=31
Journal
New England Journal 64 (39)
of Medicine 53 (40) 11 (35)
Lancet 63 (39) 49 (367) 14 (45)
JAMA 23 (14) 21 (16) 2 (6)
BMJ 8 (5) 6 (5) 2 (6)
Annals of Internal 5(@)
Medicine 3 (@) 2 (6)
Year*
2011 12 (7) 10 (8) 2 (6)
2012 25 (15) 18 (14) 7 (23)
2013 34 (21) 31 (23) 3(10)
2014 22 (14) 14 (11) 8 (26)
2015 43 (26) 36 (27) 7 (23)
2016 27 (17) 23 (17) 4 (13)
Top specialties
Infectious diseases (25) (24) (26)
Haematology/ (21)
Oncology (17) (39)
Cardiology (17) (19) (6)
Pulmonary/Ciritical (13)
care (14) (6)
Endocrine (6) (7) (©)]
Primary outcome
measured as:
Absolute risk 114 (70) 92 (70) 22 (71)
difference
Mean 26 (16) 23(17) 3(10)
HR 13 (8) 9 (7) 4 (13)
Relative risk difference 8 (5) 7 (5) 1)
OR 2(1) 1(1) 1)

Additional characteristics of the trials can be found in Aberegg et
al.’®

*2011 and 2016 were incomplete years.

RIT, reduced intensity therapy.

proportion of favourable results (a determination of
non-inferiority or superiority) was 58.3% (95% CI 41% to
74%) for these comparisons versus 82.2% (95% CI 75%
to 88%) for comparisons not testing a reduced inten-
sity therapy (difference 23.9%; 95% CI 6.6% to 41.1%,
P=0.002). Among comparisons involving reduced inten-
sity therapies, 2.8% warranted a declaration of superiority
versus 18.5% of the remainder of comparisons (differ-
ence 15.7%; 95% CI 7.4% to 24%, P=0.019).

Point estimates of 151 absolute differences in the
primary outcome were more likely to favour the active

control when the new therapy was a reduced inten-
sity therapy compared with trials not testing a reduced
intensity therapy (60.3% vs 22.2%; difference 38.1%;
P<0.001). These results are shown graphically in figure 3
(black circles representing reduced intensity therapies
comparisons, Xs representing all other comparisons).
Examination of figure 3 shows a paucity of point esti-
mates favouring the active control for trials with small
sample sizes, a finding that suggests possible publication
bias; however, formal tests of publication bias (Begg and
Mazumdar® and Harbord et a?'), which are known to be
insensitive, were not statistically significant. For the 151
comparisons where the outcome could be calculated as
a proportion, the mean absolute risk difference between
trials testing reduced intensity therapy versus trials not
testing reduced intensity therapy was +2.5% versus —-0.7%
(difference 3.2%; P=0.018), with positive values favouring
active control. For these trials, the mean prespecified
margin of non-inferiority was nearly identical for trials of
reduced intensity therapy versus all other trials (8.8% vs
8.4%; difference 0.4%, P=0.73).

As a sensitivity analysis, we coded other trials as reduced
intensity therapies to determine if a different definition
of reduced intensity therapy influenced the results. There
were six trials where the active control was the standard
of care but for which there was inadequate evidence of
superiority to placebo, and it was compared with placebo
as the new therapy. An example is the trial of periopera-
tive bridging anticoagulation versus placebo in patients
with atrial fibrillation.”” When these trials were coded as
reduced intensity therapies, the results of all our analyses
were materially unchanged (data not shown).

DISCUSSION

In placebo-controlled superiority trials, researchers
generally use the highest tolerable dose of an experi-
mental therapy to maximise separation of the trial popu-
lations and increase the likelihood of finding statistically
significant outcome differences.” Conversely, inadequate
dosing of the active control in a non-inferiority trial
can bias the results towards the null and increase the
probability of falsely declaring non-inferiority when the
experimental therapy is truly inferior.” ** * We identified
a unique subset of non-inferiority trials where investiga-
tors compared a reduced intensity therapy to the same
therapy at full intensity. This arrangement invites errors
in the interpretation of these trials, even while it creates
an opportunity to evaluate theoretical underpinnings
of non-inferiority trials. Our results show that when a
reduced intensity therapy is compared with a full inten-
sity active control in non-inferiority trials, the results disfa-
vour reduced intensity therapies in absolute terms and
when compared with non-inferiority trials that do not
compare two essentially identical therapies at different
intensities. This observation is not entirely inconsistent
with the general goal of a non-inferiority trial which
is to exclude differences greater than a prespecified
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Table 2 Examples of non-inferiority trials of reduced intensity therapies included in the analysis. See online appendix 1 for a
full bibliography of all 31 trials

First author

Disease

Experimental therapy

Active control

Outcome

Anderson?®
Johnson"’
Sherman®
Pritchard-Jones®'
Bernard®
Vaidya®®

van Herwaarden®*

Feres®

Rahman®

Barone®”

Ischaemic stroke
Hodgkin's lymphoma
Hepatitis C virus
infection

Wilms' tumour
Pyogenic vertebral
osteomyelitis

Breast cancer

Rheumatoid arthritis

Coronary stenting

Malignant pleural
effusions

Genital fistula

Low-dose alteplase

ABV

24 weeks telaprevir

Omission of doxorubicin

6 weeks of antibiotics

Targeted radiotherapy

Withdrawal of
adalimumab or
etanercept

3months antiplatelet
therapy

12 French tube

7 days postoperative
bladder catheterisation

Standard dose alteplase

ABVD

48 weeks telaprevir
Inclusion of doxorubicin
12 weeks of antibiotics

Whole breast
radiotherapy

Continuation of
adalimumab or
etanercept

12 months antiplatelet
therapy

24 French tube

14 days postoperative
bladder catheterisation

Death or disability at
90days

3-year progression free
survival

Sustained virological
response

Event-free survival
2years after diagnosis

Clinical cure rate

Local recurrence rate

Rate of major flare at
18 months

Net adverse clinical and
cerebral events

Pleurodesis efficacy

Repair breakdown rate

ABV, Adriamycin, bleomycin, vinblastine; ABVD, Adriamycin, bleomycin, vinblastine, dacarbazine.

margin. Nonetheless, our results emphasise that caution
is warranted in the interpretation of results and conclu-
sions of non-inferiority trials of reduced intensity ther-
apies. Clinicians may be advised to carefully inspect the
results with an emphasis on the delta margin used and the
95% CI of the results to determine it includes clinically

g x
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Figure 3 The log of the total number of patients analysed

in the trials plotted against the absolute risk differences

for the primary outcome among 151 comparisons where a
proportion could be calculated. Trials of reduced intensity
therapies (black circles) tend to have absolute risk differences
that favour active control. A paucity of data points in the
bottom right of the figure may suggest publication bias. RIT,
reduced intensity therapy.

important values.”® *” In addition, careful evaluation of
the purported and demonstrated benefits of the reduced
dose, be they reduced cost, side effects or inconvenience,
is warranted to provide assurance that any loss of efficacy
is justified by these secondary factors. Likewise, investiga-
tors designing these trials should recognise the inherent
threat of biocreep and design them with a suitably conser-
vative margin of non-inferiority. Notably, trials of reduced
intensity therapies in our cohort did not use a more
conservative margin of non-inferiority than other trials,
perhaps because the enhanced threat to their validity
has heretofore gone unrecognised. While our focus was
on the specific vulnerability of trials of reduced intensity
therapies, all non-inferiority trials are susceptible to loss
of presumed superiority to placebo and biocreep.

To our knowledge, no prior investigations have eval-
uated the effects of reduced intensity therapies in
non-inferiority trials nor has there been an empirical
demonstration of biocreep which remains a theoretical
concept. This is because a demonstration of biocreep
or loss of some of the presumed superiority to placebo
(sometimes called the putative placebo effect) would
require the experimental therapy to be compared with
placebo, which is usually ethically infeasible and the
very reason a non-inferiority design was selected.” ** We
recognised that non-inferiority trials of reduced intensity
therapies constituted a natural experiment of sorts that
could provide suggestive empirical evidence of loss of the
presumed superiority to placebo. Several studies have
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used simulations to evaluate the propensity for biocreep
in non-inferiority trials depending on different under-
lying assumptions.*™"’ Two of these studies including one
modelled based on empirical data® showed significant
risk of biocreep,”? while one concluded that there was
little risk if certain assumptions were met.'"” The results
of these simulations hinge critically on the underlying
assumptions, particularly the distribution of true treat-
ment effects that are selected for the simulation model.
Our empirical data add to and compliment these results.
In general, there is a concern for but not an expectation
of reduced treatment effects of the experimental therapy
in non-inferiority trials. In the case of reduced intensity
therapies, there is an expectation of reduced effects based
on dose-response considerations. The only situations in
which a diminished effect would not be expected with a
reduced intensity therapy are those in which there is no
dose-response relationship between the therapy and its
therapeutic effect or where superiority trials which estab-
lished the efficacy of the active control used a dose so
high as that the slope of a sigmoidal dose-response curve
was zero. Thus, our results serve as a preliminary ‘proof of
concept’ for the theoretical notion of biocreep.

An alternative interpretation of our results was offered
by two reviewers. The reviewers noted that since non-in-
feriority or superiority criteria were met for only 58%
of trials of reduced intensity therapies, the proposed
sequence of biocreep illustrated in figure 1 was inter-
rupted for 42% of the trials with the first non-inferiority
trial. That is, the non-inferiority trials were effective in
filtering out truly non-inferior therapies. (If publication
bias leads to unfavourable results not being published
differentially, the true proportion of favourable results
may be lower than 58%.) We agree that it is reassuring
that many non-inferiority trials of reduced intensity thera-
pies fail to demonstrate superiority or non-inferiority but
note that the majority do meet non-inferiority criteria.
This is concerning because any declaration of non-inferi-
ority is highly sensitive to the choice of delta—with a large
enough delta any therapy can be declared non-inferior.

Strengths of our study are that it was conducted based
on an a priori hypothesis and used explicit, replicable
and transparent methods. Limitations include that we
sampled only selected journals for a limited publica-
tion epoch. Since the highest impact journals appear
to publish the bulk of non-inferiority trials, the impact
of this limitation should be minimal. Confirmation and
replication of the effects we report could be sought by
extending our analysis to trials both before and after the
period we studied, and with a more comprehensive array
of journals. Even though we showed that reduced inten-
sity therapies have effects that tend to favour full inten-
sity, the comparison of these trials to those that do not
compare therapies of differing intensities is subject to the
ecological fallacy. Our findings can only suggest erosion
of presumed superiority to placebo and early biocreep
but cannot confirm that these phenomena are operative.
Doing so would require comparing reduced intensity

therapies directly to placebo which is usually ethically
infeasible.”® Nonetheless, the results provide a cautionary
tale for non-inferiority trials of reduced intensity thera-
pies and indeed all non-inferiority trials.

CONCLUSIONS

Non-inferiority trials of reduced intensity therapies show
reduced effects, yet the majority meet non-inferiority
criteria. This finding is consistent with loss of some of the
presumed superiority to placebo and early biocreep. The
results justify caution in the interpretation of non-inferi-
ority trials of reduced intensity therapies and highlight
the critical importance of the prespecified margin of
non-inferiority in all such trials to avoid false declarations
of non-inferiority.
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