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ABSTRACT: 

Objectives:  To identify noninferiority 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 noninferiority trials 

of reduced intensity therapies have less favorable results than other noninferiority trials in the cohort.  

Such a finding would provide suggestive evidence of bio-creep in these trials. 

Design:  This meta-research study utilized a cohort of noninferiority 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. 

Setting:  None. 

Participants:  None. 

Interventions:  None. 

Primary outcome measures:  Proportions of trials with a declaration of superiority, noninferiority, and 

point estimates favoring the experimental therapy, and mean absolute risk differences for trials with 

outcomes expressed as a proportion. 

Results:  Our search yielded 163 trials reporting 182 noninferiority comparisons; 36 comparisons from 

31 trials were between the same therapy at reduced and full intensity.  Compared to trials not 

evaluating reduced intensity therapies, fewer comparisons of reduced intensity therapies demonstrated 

superiority (2.8% versus 18.5%; P=0.019) and noninferiority (58.3% versus 82.2%; P=0.002).  Likewise, 

point estimates for reduced intensity therapies more often favored active control than those for other 

trials (77.8% versus 39.7%; P<0.001) as did mean absolute risk differences (+2.5% versus -0.7%; 

P=0.018). 

Conclusions:  Noninferiority trials comparing a therapy at reduced intensity to the same therapy at full 

intensity showed reduced effects compared to other noninferiority trials.  This suggests these trials have 

may have a high rate of type 1 errors and bio-creep, with significant implications for the design and 

interpretation of future noninferiority trials. 

 

Keywords:  Noninferiority trials; reduced intensity therapies; trial design; trial analysis; trial 

interpretation; bio-creep; putative placebo effect; presumed superiority to placebo; active control 

 

Strengths and limitations of this study: 

1.)  Hypothesis driven and novel study addressing a topic for which there exist few empirical data 

2.) Rigorous and transparent methods using a cross section of noninferiority trials from the 5 

highest impact journals 

3.) The cross section represents only a small subset of all journals 

4.) The results provide only suggestive evidence of an increased rate of type 1 errors in 

noninferiority trials of reduced intensity therapies and are subject to the ecological fallacy 
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Introduction: 

As noninferiority trials become commonplace
1,2

, concerns about their validity take on greater 

importance
3-5

.  In a typical noninferiority trial, an experimental therapy of unknown efficacy is compared 

to an active control which previously has been compared to placebo in a superiority trial and found to 

be efficacious.  One assumption inherent in noninferiority trials is that a new (experimental) therapy 

that is declared noninferior to an efficacious comparator would be superior to placebo if this hypothesis 

were tested in a superiority trial
5,6

.  This “presumed superiority to placebo” may be incorrect if the 

noninferiority trial has a large margin of noninferiority and the results favor active control
7,8

.  Few 

empirical data exist as to if and how often therapies declared noninferior have reduced effectiveness 

due to erosion of presumed superiority to placebo
8-10

. 

We recently observed that noninferiority trials have been used to compare therapies at a reduced 

intensity (in terms of cumulative dose or omission of a component of a multifaceted 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 TPA to standard dose TPA for ischemic stroke, 

omitted bleomycin from ABVD therapy for lymphoma, and tested continuous versus intermittent 

androgen deprivation for prostate cancer
11-13

.  Noninferiority trials of reduced intensity therapies 

present a unique opportunity to evaluate degradation of the presumed superiority to placebo of 

experimental therapies in these trials.  In most noninferiority trials of novel experimental therapies, 

there is little evidence to suggest how the novel therapy will fare compared to 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
14

.  If 

many reduced intensity therapies nonetheless meet noninferiority 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 reductions could result in a reduced intensity therapy that 

approximates a placebo, but is nonetheless considered noninferior 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 noninferiority 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 confidence interval below the 

prespecified margin of noninferiority.  In this scenario, reduced dose aspirin meets noninferiority criteria 

when compared to 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 numerically worse 

than the previous reduced dose, but the confidence interval does not include the margin of 

noninferiority and it is declared noninferior.  This sequence culminates in the paradoxical result in panel 

6, where the dose of the experimental therapy is reduced to zero, making it a placebo which is 

noninferior to aspirin.  In this hypothetical sequence, inferiority of reduced dose aspirin is obscured 

within the margin of noninferiority 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 noninferiority and greater reductions in therapy 

intensity.  Though this phenomenon, called “bio-creep”, could happen in any noninferiority trial, the 

likelihood would appear to be greater in trials of reduced intensity therapies because of fundamental 

dose-response considerations. 
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We compiled a cohort of noninferiority trials, categorizing them based on whether they compared a 

reduced intensity therapy to a full intensity active control, or otherwise.  We hypothesized that trials of 

reduced intensity therapies would have less favorable results (in terms of point estimates and 

declarations of superiority and noninferiority) than trials that were not testing a reduced intensity 

therapy as the experimental therapy.  We also wanted to determine if the margin of noninferiority was 

more conservative in trails of reduced intensity therapies. 

 

Methods: 

This study used a dataset that was created for a different analysis of noninferiority trials (Aberegg et al, 

in press).  We searched MEDLINE for iterations of noninferiority (e.g., non-inferiority, noninferior)
15

 

combined with the MEDLINE-recognized names of the five highest impact general medical journals (New 

England Journal of Medicine, Lancet, JAMA, British Medical Journal, Annals of Internal Medicine) to 

identify manuscripts reporting the results of prospective parallel group randomized controlled trials 

using a test of noninferiority for the primary hypothesis.  The trials were published between June, 2011 

and October, 2016.  (Our five-year retrospective search period began in June, 2016 and took until the 

end of October.  Prior to analyzing 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 prior to 

closing it and beginning analysis.)    We reviewed the resulting abstracts and manuscripts and excluded 

those that did not meet inclusion criteria, those that used a cluster randomized design or Bayesian 

methodology, those that did not use an active control (e.g., FDA-mandated safety trials comparing a 

new therapy to placebo) and those that reported data that were incomplete or could not be 

summarized.  We abstracted data relating to design parameters and results into a standardized form.  

We categorized trials as testing a reduced intensity therapy if the new therapy utilized 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 multi-component active control.  We cross-

checked the data several times with redundant methods to ensure accuracy and one author (AMH) 

checked a random sample of the data for accuracy and found no errors. 

We used raw data from the trials to calculate 2-sided 95% confidence intervals for all results and 

categorized them according to CONSORT recommendations
16

.  We chose to do this to standardize the 

presentation of results to comport with Figure 1 of the CONSORT statement
16,17

.  We coded a trial’s 

results as favorable if they warranted a CONSORT declaration of noninferiority and/or superiority. For 

trials where the primary outcome was reported as a measure of risk (e.g., hazard ratio, odds ratio, or 

relative risk) we calculated the absolute risk difference for the primary outcome for use in quantitative 

analyses
18

.  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 (e.g., 

multiple doses of the same drug) were tested in independent groups, we considered these to be 

independent noninferiority comparisons.  We used Chi Square and Student’s t-tests where appropriate.  

All descriptive statistics and analyses were performed with STATA version 14 (College Station, Texas). 

 

 

Page 4 of 14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on June 4, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019494 on 2 M
arch 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

 

 

Results: 

Figure 1 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 noninferiority comparisons. 

Table 1 shows basic characteristics of the trials.  The two highest impact journals (New England Journal 

of Medicine and Lancet) published 127 (78%) of the trials.  Four specialty orientations accounted for 

over half of the trials: infectious diseases, hematology/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 intensity active control.  A selection of these trials and the therapies they evaluated is listed in Table 

2.  The rate of a favorable result (a determination of noninferiority or superiority) was 58.3% for these 

comparisons versus 82.2 % for comparisons not testing a reduced intensity therapy (difference 23.9%; 

95% CI 6.6%-41.1%, P=0.02).  Among comparisons involving reduced intensity therapies, 2.8% warranted 

a declaration of superiority versus 18.5% of the remainder of comparisons (difference 15.7%; 95% CI, 

7.4% - 24%, P=0.019).  Significantly fewer comparisons of RIT showed noninferiority than comparisons 

not involving RIT (58.3% versus 82.2%; P=0.002). 

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

control when the new therapy was a reduced intensity therapy compared to trials not testing a reduced 

intensity therapy (60.3% versus 22.2%; difference 38.1%; P=0.0013).  These results are shown 

graphically in Figure 2 (black circles representing RIT comparisons, Xs representing all other 

comparisons).  Examination of Figure 2 shows a paucity of point estimates favoring the active control for 

trials with small sample sizes, a finding that suggests possible publication bias; however, formal tests of 

publication bias (Begg
19

 and Harbord
20

), 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 

favoring active control.  For these trials, the mean prespecified margin of noninferiority was nearly 

identical for trials of reduced intensity therapy versus all other trials (8.8% versus 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 to placebo as the new therapy.  An example is the trial of perioperative bridging 

anticoagulation versus placebo in patients with atrial fibrillation.
21

  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 

experimental therapy to maximize separation of the trial populations and increase the likelihood of 

finding statistically significant outcome differences
22

.  Conversely, inadequate dosing of the active 
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control in a noninferiority trial can bias the results towards the null and increase the probability of 

falsely declaring noninferiority when the experimental therapy is truly inferior
5,23,24

.  We identified a 

unique subset of noninferiority trials where investigators 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 noninferiority trials.  First, as in 

the case of under-dosing of active control, intentionally reducing the dose of the experimental therapy 

will increase the probability of a false conclusion of noninferiority (i.e., a type I error).  Second, the 

presumed superiority to placebo of therapies meeting noninferiority criteria in trials of reduced intensity 

therapies is more tenuous than usual.  If separation of trial populations is reduced with reduced 

intensity therapy as would be expected based on dose-response considerations, finding superiority of a 

reduced intensity therapy to placebo in a superiority trial would be increasingly difficult, posing 

significant problems for sample size and recruitment.  For example, consider the following scenario.  

Suppose that investigators using a superiority design aim to show that a new drug is superior to placebo 

by a margin of 3%, with a baseline event rate of 10%, power of 90% and 2-sided alpha of 0.05 – a sample 

of 3600 patients is needed for such a trial.  The therapy is found to be superior to placebo then later, a 

noninferiority trial of the therapy at half the original dose shows that the halved dose meets criteria for 

noninferiority when compared to the full dose.  Suppose also that the dose response relationship is 

linear with a slope of one and the halved dose gives only half the effect, or 1.5%.   If the original 

investigators had aimed to show that a lower dose of the drug was superior to placebo by a margin of 

1.5%, almost 16,000 patients would have needed to be enrolled in a superiority trial.  A trial of such size 

is often not possible for financial and logistical reasons; thus, the presumed superiority to placebo that is 

a necessary attendant of the noninferiority claim is inherently tenuous in this scenario.  If the effect 

were halved iteratively in a succession of noninferiority trials as in the aspirin example in Figure 1, the 

result would be a “sample size tsunami” that would become unmanageable after just one or two dose 

reductions, if trials were designed to prove superiority to placebo of progressively lower doses of the 

therapy. 

Our results show that when a reduced intensity therapy is compared to a full intensity active control in 

noninferiority trials, the results disfavor reduced intensity therapies in absolute terms and when 

compared to noninferiority trials that do not compare two essentially identical therapies at different 

intensities.  This observation is not entirely inconsistent with the general goal of a noninferiority trial 

which is to exclude differences greater than a prespecified margin.  Nonetheless, our results emphasize 

that caution is warranted in the interpretation of results and conclusions of noninferiority trials of 

reduced intensity therapies.  Clinicians may be advised to carefully inspect the results with an emphasis 

on the delta margin utilized and the 95% confidence interval of the results to determine it includes 

clinically important values
25,26

.  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, investigators 

designing these trials should recognize the inherent threat of bio-creep and design them with a suitably 

conservative margin of noninferiority.  Notably, trials of reduced intensity therapies in our cohort did 

not utilize a more conservative margin of noninferiority than other trials, perhaps because the enhanced 

threat to their validity has heretofore gone unrecognized.  While our focus was on the specific 

vulnerability of trials of reduced intensity therapies, all noninferiority trials are susceptible to loss of 

presumed superiority to placebo and bio-creep. 
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To our knowledge, no prior investigations have evaluated the effects of reduced intensity therapies in 

noninferiority trials, nor has there been an empirical demonstration of bio-creep which remains a 

theoretical concept.  This is because a demonstration of bio-creep or loss of some of the presumed 

superiority to placebo (sometimes called the putative placebo effect) would require the experimental 

therapy to be compared to placebo, which is usually ethically infeasible and the very reason a 

noninferiority design was selected
4,27

.  We recognized that noninferiority 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 utilized simulations to evaluate the 

propensity for bio-creep in noninferiority trials depending upon different underlying assumptions
8-10

.  

Two of these studies showed significant risk of bio-creep
8,9

, while one concluded that there was little risk 

if certain assumptions were met
10

.  The results of these simulations hinge critically on the underlying 

assumptions, particularly the distribution of true treatment 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 noninferiority 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 established 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 bio-creep. 

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 publication epoch.  Since the highest impact journals appear to publish the bulk of noninferiority 

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 intensity 

therapies have effects that tend to favor full intensity, 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 bio-creep but cannot confirm that these 

phenomena are operative.  Doing so would require comparing reduced intensity therapies directly to 

placebo which is usually ethically infeasible
27

.  Nonetheless the results provide a cautionary tale for 

noninferiority trials of reduced intensity therapies and indeed all noninferiority trials. 

Conclusions: 

Noninferiority trials of reduced intensity therapies show reduced effects, yet the majority meet 

noninferiority criteria.  This finding is consistent with loss of some of the presumed superiority to 

placebo and early bio-creep. The results justify caution in the interpretation of noninferiority trials of 

reduced intensity therapies and highlight the critical importance of the prespecified margin of 

noninferiority in all such trials to avoid false declarations of noninferiority. 
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Figure 1.  Diagram showing loss of presumed superiority to placebo with reduced intensity 

aspirin therapy.  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% confidence intervals – point estimates on the left of the center line favor the experimental 

therapy and point estimates on the right favor the active control.  In panels #2-6, the vertical 

dashed line represents the margin of noninferiority.  In panel #1, aspirin 325 mg is superior to 

placebo control in a superiority trial.  In panel #2, reduced dose aspirin at 162 mg as the 

experimental therapy is compared to full dose aspirin as active control.  The difference favors 

full dose aspirin, but the reduced dose meets noninferiority criteria because the upper bound of 

the 95% confidence interval does not cross the noninferiority 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 20 

mg, and the experimental therapy is aspirin at a dose of 0 mg (i.e., placebo) and placebo is 

noninferior to aspirin – a highly paradoxical result compared to panel #1 where aspirin was 

superior to placebo.  This result obtains because in panels #2-6, reduced efficacy of the 

experimental  therapy is concealed in the margin of noninferiority.  This phenomenon has been 

called “bio-creep.” 

 

Page 10 of 14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on June 4, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019494 on 2 M
arch 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

 

 

 

 

Figure 2.  Flow diagram showing selection of trials. 
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Figure 3. The log of the total number of patients analyzed 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 favor active 

control.  A paucity of datapoints in the bottom right of the figure may suggest 

publication bias. 
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  n (%) 

Journal NEJM 64 (39%) 

 Lancet 63 (39%) 

 JAMA 23 (14%) 

 BMJ 8 (5%) 

 Annals 5 (3%) 

Year* 2011 12(7%) 

 2012 25 (15%) 

 2013 34 (21%) 

 2014 22 (14%) 

 2015 43(26%) 

 2016 27 (17%) 

Top Specialties Infectious Diseases (26%) 

 Hematology/Oncology (25%) 

 Cardiology (17%) 

 Pulmonary/Critical Care (15%) 

 Endocrine (8%) 

Primary outcome measured as: Absolute Risk Difference 114 (70%) 

 Mean 26 (16%) 

 Hazard Ratio 13 (8%) 

 Relative Risk Difference 8 (5%) 

 Odds Ratio 2 (1%) 

 

Table 1.  Characteristics of included trials.   

*2011 and 2016 were incomplete years 
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First Author Disease Experimental 

Therapy 

Active Control Outcome 

Anderson
28

 Ischemic Stroke low dose alteplase standard dose 

alteplase 

death or 

disability at 90 

days 

Johnson
11

 Hodgkin's 

Lymphoma 

ABV ABVD 3-year 

progression free 

survival 

Sherman
29

 Hepatitis C virus 

infection 

24 weeks 

telaprevir 

48 weeks 

telaprevir 

sustained 

virologic 

response 

Pritchard-

Jones
30

 

Wilms' tumor omission of 

doxarubicin 

inclusion of 

doxarubicin 

event-free 

survival 2 years 

after diagnosis 

Bernard
31

 Pyogenic 

vertebral 

osteomyelitis 

6 weeks of 

antibiotics 

12 weeks of 

antibiotics 

clinical cure rate 

Vaidya
32

 Breast cancer targeted 

radiotherapy 

whole breast 

radiotherapy 

local recurrence 

rate 

van 

Herwaarden
33

 

Rheumatoid 

arthritis 

withdrawal of 

adalimumab or 

etanercept 

continuation of 

adalimumab or 

etanercept 

rate of major 

flare at 18 

months 

Feres
34

 Coronary 

stenting 

3 months 

antiplatelet 

therapy 

12 months 

antiplatelet 

therapy 

net adverse 

clinical and 

cerebral events 

Rahman
35

 Malignant 

pleural effusions 

12 French tube 24 French tube pleurodesis 

efficacy 

Barone
36

 Genital fistula  7 days 

postoperative 

bladder 

catheterization 

14 days 

postoperative 

bladder 

catheterization 

repair 

breakdown rate 

 

Table 2.  Examples of noninferiority trials of reduced intensity therapies 

included in the analysis. 
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ABSTRACT: 

Objectives:  To identify noninferiority 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 noninferiority trials 

of reduced intensity therapies have less favorable results than other noninferiority trials in the cohort.  

Such a finding would provide suggestive evidence of bio-creep in these trials. 

Design:  This meta-research study utilized a cohort of noninferiority 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. 

Setting:  None. 

Participants:  None. 

Interventions:  None. 

Primary outcome measures:  Proportions of trials with a declaration of superiority, noninferiority, and 

point estimates favoring the experimental therapy, and mean absolute risk differences for trials with 

outcomes expressed as a proportion. 

Results:  Our search yielded 163 trials reporting 182 noninferiority comparisons; 36 comparisons from 

31 trials were between the same therapy at reduced and full intensity.  Compared to trials not 

evaluating reduced intensity therapies, fewer comparisons of reduced intensity therapies demonstrated 

a favorable result (noninferiority or superiority) (58.3% versus 82.2%; P=0.002) and fewer demonstrated 

superiority (2.8% versus 18.5%; P=0.019).  Likewise, point estimates for reduced intensity therapies 

more often favored active control than those for other trials (77.8% versus 39.7%; P<0.001) as did mean 

absolute risk differences (+2.5% versus -0.7%; P=0.018). 

Conclusions:  Noninferiority trials comparing a therapy at reduced intensity to the same therapy at full 

intensity showed reduced effects compared to other noninferiority trials.  This suggests these trials have 

may have a high rate of type 1 errors and bio-creep, with significant implications for the design and 

interpretation of future noninferiority trials. 

 

Keywords:  Noninferiority trials; reduced intensity therapies; trial design; trial analysis; trial 

interpretation; bio-creep; putative placebo effect; presumed superiority to placebo; active control 
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Strengths and limitations of this study: 

1.)  Hypothesis driven and novel study addressing a topic for which there exist few empirical data 

2.) Rigorous and transparent methods using a cross section of noninferiority trials from the 5 

highest impact journals 

3.) The cross section represents only a small subset of all journals 

4.) The results demonstrate a correlation between reduced intensity therapies and reduced 

effects, and suggest but cannot prove causation 

 

Introduction: 

As noninferiority trials become commonplace
1,2

, concerns about their validity take on greater 

importance
3-5

.  In a typical noninferiority trial, an experimental therapy of unknown efficacy is compared 

to an active control which previously has been compared to placebo in a superiority trial and found to 

be efficacious.  One assumption inherent in noninferiority trials is that a new (experimental) therapy 

that is declared noninferior to an efficacious comparator would be superior to placebo if this hypothesis 

were tested in a superiority trial
5,6

.  This “presumed superiority to placebo” may be incorrect if the 

noninferiority trial has a large margin of noninferiority and the results favor active control
7,8

.  The 

“presumed superiority to placebo” may also be incorrect in the case where several iterations of 

noninferiority trials occur, a phenomenon called “bio-creep” (see Figure 1).  Few empirical data exist as 

to if and how often therapies declared noninferior have reduced effectiveness due to erosion of 

presumed superiority to placebo
8-10

. 

We recently observed that noninferiority trials have been used to compare therapies at a reduced 

intensity (in terms of cumulative dose or omission of a component of a multifaceted 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 TPA (tissue plasminogen activator) to standard 

dose TPA for ischemic stroke, omitted bleomycin from ABVD therapy (Adriamycin Bleomycin, 

Vinblastine, Dacarbazine) for lymphoma, and tested intermittent versus continuous androgen 

deprivation for prostate cancer
11-13

.  Noninferiority trials of reduced intensity therapies present a unique 

opportunity to evaluate degradation of the presumed superiority to placebo of experimental therapies 

in these trials.  In most noninferiority trials of novel experimental therapies, there is little evidence to 

suggest how the novel therapy will fare compared to 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
14

.  If many reduced intensity 

therapies nonetheless meet noninferiority 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 reductions could result in a reduced intensity therapy that 

approximates a placebo, but is nonetheless considered noninferior 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 noninferiority 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 confidence interval below the 
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prespecified margin of noninferiority.  In this scenario, reduced dose aspirin meets noninferiority criteria 

when compared to 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 numerically worse 

than the previous reduced dose, but the confidence interval does not include the margin of 

noninferiority and it is declared noninferior.  This sequence culminates in the paradoxical result in panel 

6, where the dose of the experimental therapy is reduced to zero, making it a placebo which is 

noninferior to aspirin.  In this hypothetical sequence, inferiority of reduced dose aspirin is obscured 

within the margin of noninferiority 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 noninferiority and greater reductions in therapy 

intensity.  Though this phenomenon, called “bio-creep”, could happen in any noninferiority 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 noninferiority trials, categorizing them based on whether they compared a 

reduced intensity therapy to a full intensity active control, or otherwise.  We hypothesized that trials of 

reduced intensity therapies would have less favorable results (in terms of point estimates and 

declarations of superiority and noninferiority) than trials that were not testing a reduced intensity 

therapy as the experimental therapy.  We also wanted to determine if the margin of noninferiority was 

more conservative in trials of reduced intensity therapies. 

 

Methods: 

This study used a dataset that was created for a different analysis of noninferiority trials
15

..  We 

searched MEDLINE for iterations of noninferiority (e.g., non-inferiority, noninferior)
16

 combined with the 

MEDLINE-recognized names of the five highest impact general medical journals (New England Journal of 

Medicine, Lancet, JAMA, British Medical Journal, Annals of Internal Medicine) to identify manuscripts 

reporting the results of prospective parallel group randomized controlled trials using a test of 

noninferiority for the primary hypothesis.  The trials were published between June, 2011 and October, 

2016.  (Our five-year retrospective search period began in June, 2016 and took until the end of October.  

Prior to analyzing 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 cluster randomized design or Bayesian methodology, those that did not use an active control 

(e.g., FDA-mandated safety trials comparing a new therapy to placebo) and those that reported data 

that were incomplete or could not be summarized.  We excted data relating to design parameters and 

results into a standardized form.  We categorized trials as testing a reduced intensity therapy if the new 

therapy utilized 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 multi-

component 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 2-sided 95% confidence intervals for all results and 

categorized them according to CONSORT recommendations
17

.  We chose to do this to standardize the 
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presentation of results to comport with Figure 1 of the CONSORT statement
17,18

.  We coded a trial’s 

results as favorable if they warranted a CONSORT declaration of noninferiority (the upper bound of the 

95% confidence interval excluded the prespecified margin of noninferiority) and/or superiority (the 

upper bound of the 95% excluded zero difference). For trials where the primary outcome was reported 

as a measure of risk (e.g., hazard ratio, odds ratio, or relative risk) we calculated the absolute risk 

difference for the primary outcome for use in quantitative analyses
19

.  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 (e.g., multiple doses of the same drug) were tested in 

independent groups, we considered these to be independent noninferiority comparisons.  We used Chi 

Square and Student’s t-tests where appropriate.  All descriptive statistics and analyses were performed 

with STATA version 14 (College Station, Texas). 

 

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 noninferiority comparisons. 

Table 1 shows basic characteristics of the trials.  The two highest impact journals (New England Journal 

of Medicine and Lancet) published 127 (78%) of the trials.  Four specialty orientations accounted for 

over half of the trials: infectious diseases, hematology/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 intensity active control.  A selection of these trials and the therapies they evaluated is listed in Table 

2.  The proportion of  favorable results (a determination of noninferiority or superiority) was 58.3% for 

these comparisons versus 82.2 % for comparisons not testing a reduced intensity therapy (difference 

23.9%; 95% CI 6.6%-41.1%, P=0.02).  Among comparisons involving reduced intensity therapies, 2.8% 

warranted a declaration of superiority versus 18.5% of the remainder of comparisons (difference 15.7%; 

95% CI, 7.4% - 24%, P=0.019).  

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

control when the new therapy was a reduced intensity therapy compared to trials not testing a reduced 

intensity therapy (60.3% versus 22.2%; difference 38.1%; P<.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 estimates favoring the active control for 

trials with small sample sizes, a finding that suggests possible publication bias; however, formal tests of 

publication bias (Begg
20

 and Harbord
21

), 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 

favoring active control.  For these trials, the mean prespecified margin of noninferiority was nearly 

identical for trials of reduced intensity therapy versus all other trials (8.8% versus 8.4%; difference 0.4%, 

P=0.73). 
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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 to placebo as the new therapy.  An example is the trial of perioperative bridging 

anticoagulation versus placebo in patients with atrial fibrillation.
22

  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 

experimental therapy to maximize separation of the trial populations and increase the likelihood of 

finding statistically significant outcome differences
23

.  Conversely, inadequate dosing of the active 

control in a noninferiority trial can bias the results towards the null and increase the probability of 

falsely declaring noninferiority when the experimental therapy is truly inferior
5,24,25

.  We identified a 

unique subset of noninferiority trials where investigators 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 noninferiority trials.  First, as in 

the case of under-dosing of active control, intentionally reducing the dose of the experimental therapy 

will increase the probability of a false conclusion of noninferiority (i.e., a type I error).  Second, the 

presumed superiority to placebo of therapies meeting noninferiority criteria in trials of reduced intensity 

therapies is more tenuous than usual.  If separation of trial populations is reduced with reduced 

intensity therapy as would be expected based on dose-response considerations, finding superiority of a 

reduced intensity therapy to placebo in a superiority trial would be increasingly difficult, posing 

significant problems for sample size and recruitment.  For example, consider the following scenario.  

Suppose that investigators using a superiority design aim to show that a new drug is superior to placebo 

by a margin of 3%, with a baseline event rate of 10%, power of 90% and 2-sided alpha of 0.05 – a sample 

of 3600 patients is needed for such a trial.  The therapy is found to be superior to placebo then later, a 

noninferiority trial of the therapy at half the original dose shows that the halved dose meets criteria for 

noninferiority when compared to the full dose.  Suppose also that the dose response relationship is 

linear with a slope of one and the halved dose gives only half the effect, or 1.5%.   If the original 

investigators had aimed to show that a lower dose of the drug was superior to placebo by a margin of 

1.5%, almost 16,000 patients would have needed to be enrolled in a superiority trial.  A trial of such size 

is often not possible for financial and logistical reasons; thus, the presumed superiority to placebo that is 

a necessary attendant of the noninferiority claim is inherently tenuous in this scenario.  If the effect 

were halved iteratively in a succession of noninferiority trials as in the aspirin example in Figure 1, the 

result would be a “sample size tsunami” that would become unmanageable after just one or two dose 

reductions, if trials were designed to prove superiority to placebo of progressively lower doses of the 

therapy. 

Our results show that when a reduced intensity therapy is compared to a full intensity active control in 

noninferiority trials, the results disfavor reduced intensity therapies in absolute terms and when 

compared to noninferiority trials that do not compare two essentially identical therapies at different 

intensities.  This observation is not entirely inconsistent with the general goal of a noninferiority trial 

which is to exclude differences greater than a prespecified margin.  Nonetheless, our results emphasize 

that caution is warranted in the interpretation of results and conclusions of noninferiority trials of 

reduced intensity therapies.  Clinicians may be advised to carefully inspect the results with an emphasis 
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on the delta margin utilized and the 95% confidence interval of the results to determine it includes 

clinically important values
26,27

.  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, investigators 

designing these trials should recognize the inherent threat of bio-creep and design them with a suitably 

conservative margin of noninferiority.  Notably, trials of reduced intensity therapies in our cohort did 

not utilize a more conservative margin of noninferiority than other trials, perhaps because the enhanced 

threat to their validity has heretofore gone unrecognized.  While our focus was on the specific 

vulnerability of trials of reduced intensity therapies, all noninferiority trials are susceptible to loss of 

presumed superiority to placebo and bio-creep. 

To our knowledge, no prior investigations have evaluated the effects of reduced intensity therapies in 

noninferiority trials, nor has there been an empirical demonstration of bio-creep which remains a 

theoretical concept.  This is because a demonstration of bio-creep or loss of some of the presumed 

superiority to placebo (sometimes called the putative placebo effect) would require the experimental 

therapy to be compared to placebo, which is usually ethically infeasible and the very reason a 

noninferiority design was selected
4,28

.  We recognized that noninferiority 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 utilized simulations to evaluate the 

propensity for bio-creep in noninferiority trials depending upon different underlying assumptions
8-10

.  

Two of these studies including one modeled based upon empirical data
8
 showed significant risk of bio-

creep
8,9

, while one concluded that there was little risk if certain assumptions were met
10

.  The results of 

these simulations hinge critically on the underlying assumptions, particularly the distribution of true 

treatment 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 noninferiority 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 established 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 bio-creep. 

An alternative interpretation of our results was offered by two reviewers.  The reviewers noted that 

since noninferiority or superiority criteria were met for only 58% of trials of reduced intensity therapies, 

the proposed sequence of biocreep illustrated in Figure 1 was interrupted for 42% of the trials with the 

first noninferiority trial.  That is, the noninferiority trials were effective in filtering out truly noninferior 

therapies.  We agree that it is reassuring that many noninferiority trials of reduced intensity therapies 

fail to demonstrate superiority or noninferiority but note that the majority do meet noninferiority 

criteria.  This is concerning because any declaration of noninferiority is highly sensitive to the choice of 

delta – with a large enough delta any therapy can be declared noninferior. 

 

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 
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limited publication epoch.  Since the highest impact journals appear to publish the bulk of noninferiority 

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 intensity 

therapies have effects that tend to favor full intensity, 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 bio-creep but cannot confirm that these 

phenomena are operative.  Doing so would require comparing reduced intensity therapies directly to 

placebo which is usually ethically infeasible
28

.  Nonetheless the results provide a cautionary tale for 

noninferiority trials of reduced intensity therapies and indeed all noninferiority trials. 

Conclusions: 

Noninferiority trials of reduced intensity therapies show reduced effects, yet the majority meet 

noninferiority criteria.  This finding is consistent with loss of some of the presumed superiority to 

placebo and early bio-creep. The results justify caution in the interpretation of noninferiority trials of 

reduced intensity therapies and highlight the critical importance of the prespecified margin of 

noninferiority in all such trials to avoid false declarations of noninferiority. 
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Captions to Figures 1-3. 

 

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% confidence intervals – point estimates on the left of 

the center line favor the experimental therapy and point estimates on the right favor the active 

control.  In panels #2-6, the vertical dashed line represents the margin of noninferiority.  In 

panel #1, aspirin 325 mg is superior to placebo control in a superiority trial.  In panel #2, 

reduced dose aspirin at 162 mg as the experimental therapy is compared to full dose aspirin as 

active control.  The difference favors full dose aspirin, but the reduced dose meets 

noninferiority criteria because the upper bound of the 95% confidence interval does not cross 

the noninferiority 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 20 mg, and the experimental therapy is aspirin at 

a dose of 0 mg (i.e., placebo) and placebo is noninferior to aspirin – a highly paradoxical result 

compared to panel #1 where aspirin was superior to placebo.  This result obtains because in 

panels #2-6, reduced efficacy of the experimental  therapy is concealed in the margin of 

noninferiority.  This phenomenon has been called “bio-creep.” 

 

 

 

Page 10 of 16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on June 4, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019494 on 2 M
arch 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

 

 

Figure 2.  Flow diagram showing selection of trials. 

 

Figure 3. The log of the total number of patients analyzed 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 favor active 

control.  A paucity of datapoints in the bottom right of the figure may suggest 

publication bias. 
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  Annals 5 (3%) 3 (2%) 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% 

  Hematology/Oncology 21% 17% 39% 

  Cardiology 17% 19% 6% 

  Pulmonary/Critical 13% 14% 6% 

Page 11 of 16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on June 4, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019494 on 2 M
arch 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

 

 

Care 

  Endocrine 6% 7% 3% 

Primary 

outcome 

measured as: 

Absolute Risk 

Difference 
114 (70%) 92 (70%) 22 (71%) 

  Mean 26 (16%) 23 (17%) 3 (10%) 

  Hazard Ratio 13 (8%) 9 (7%) 4 (13%) 

  Relative Risk 

Difference 
8 (5%) 

7 (5%) 1 (3%) 

  Odds Ratio 2 (1%) 1 (1%) 1 (3%) 

 

Table 1.  Characteristics of 163 included trials.  Additional 

characteristics of the trials can be found in reference 15, Aberegg et al.  

RIT =  reduced intensity therapies. 

*2011 and 2016 were incomplete years 

 

 

 

 

First Author Disease Experimental 

Therapy 

Active Control Outcome 

Anderson
29

 Ischemic Stroke low dose alteplase standard dose 

alteplase 

death or 

disability at 90 

days 

Johnson
11

 Hodgkin's 

Lymphoma 

ABV ABVD 3-year 

progression free 

survival 

Sherman
30

 Hepatitis C virus 

infection 

24 weeks 

telaprevir 

48 weeks 

telaprevir 

sustained 

virologic 

response 

Pritchard-

Jones
31

 

Wilms' tumor omission of 

doxarubicin 

inclusion of 

doxarubicin 

event-free 

survival 2 years 

after diagnosis 

Bernard
32

 Pyogenic 

vertebral 

osteomyelitis 

6 weeks of 

antibiotics 

12 weeks of 

antibiotics 

clinical cure rate 
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Vaidya
33

 Breast cancer targeted 

radiotherapy 

whole breast 

radiotherapy 

local recurrence 

rate 

van 

Herwaarden
34

 

Rheumatoid 

arthritis 

withdrawal of 

adalimumab or 

etanercept 

continuation of 

adalimumab or 

etanercept 

rate of major 

flare at 18 

months 

Feres
35

 Coronary 

stenting 

3 months 

antiplatelet 

therapy 

12 months 

antiplatelet 

therapy 

net adverse 

clinical and 

cerebral events 

Rahman
36

 Malignant 

pleural effusions 

12 French tube 24 French tube pleurodesis 

efficacy 

Barone
37

 Genital fistula  7 days 

postoperative 

bladder 

catheterization 

14 days 

postoperative 

bladder 

catheterization 

repair 

breakdown rate 

 

Table 2.  Examples of noninferiority trials of reduced intensity therapies 

included in the analysis. 
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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% 

confidence intervals – point estimates on the left of the center line favor the experimental therapy and point 
estimates on the right favor the active control.  In panels #2-6, the vertical dashed line represents the 

margin of noninferiority.  In panel #1, aspirin 325 mg is superior to placebo control in a superiority trial.  In 
panel #2, reduced dose aspirin at 162 mg as the experimental therapy is compared to full dose aspirin as 
active control.  The difference favors full dose aspirin, but the reduced dose meets noninferiority criteria 

because the upper bound of the 95% confidence interval does not cross the noninferiority 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 20 mg, and the 

experimental therapy is aspirin at a dose of 0 mg (i.e., placebo) and placebo is noninferior to aspirin – a 
highly paradoxical result compared to panel #1 where aspirin was superior to placebo.  This result obtains 

because in panels #2-6, reduced efficacy of the experimental  therapy is concealed in the margin of 
noninferiority.  This phenomenon has been called “bio-creep.”  
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Figure 2.  Flow diagram showing selection of trials.  
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Figure 3. The log of the total number of patients analyzed 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 favor active 
control.  A paucity of datapoints in the bottom right of the figure may suggest publication bias.  
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ABSTRACT: 

Objectives:  To identify noninferiority 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 noninferiority trials 

of reduced intensity therapies have less favorable results than other noninferiority trials in the cohort.  

Such a finding would provide suggestive evidence of bio-creep in these trials. 

Design:  This meta-research study utilized a cohort of noninferiority 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. 

Setting:  None. 

Participants:  None. 

Interventions:  None. 

Primary outcome measures:  Proportions of trials with a declaration of superiority, noninferiority, and 

point estimates favoring the experimental therapy, and mean absolute risk differences for trials with 

outcomes expressed as a proportion. 

Results:  Our search yielded 163 trials reporting 182 noninferiority comparisons; 36 comparisons from 

31 trials were between the same therapy at reduced and full intensity.  Compared to trials not 

evaluating reduced intensity therapies, fewer comparisons of reduced intensity therapies demonstrated 

a favorable result (noninferiority or superiority) (58.3% versus 82.2%; P=0.002) and fewer demonstrated 

superiority (2.8% versus 18.5%; P=0.019).  Likewise, point estimates for reduced intensity therapies 

more often favored active control than those for other trials (77.8% versus 39.7%; P<0.001) as did mean 

absolute risk differences (+2.5% versus -0.7%; P=0.018). 

Conclusions:  Noninferiority trials comparing a therapy at reduced intensity to the same therapy at full 

intensity showed reduced effects compared to other noninferiority trials.  This suggests these trials have 

may have a high rate of type 1 errors and bio-creep, with significant implications for the design and 

interpretation of future noninferiority trials. 

 

Keywords:  Noninferiority trials; reduced intensity therapies; trial design; trial analysis; trial 

interpretation; bio-creep; putative placebo effect; presumed superiority to placebo; active control 
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Strengths and limitations of this study: 

1.)  Hypothesis driven and novel study addressing a topic for which there exist few empirical data 

2.) Rigorous and transparent methods using a cross section of noninferiority trials from the 5 

highest impact journals 

3.) The cross section represents only a small subset of all journals 

 

Introduction: 

As noninferiority trials become commonplace
1,2

, concerns about their validity take on greater 

importance
3-5

.  In a typical noninferiority trial, an experimental therapy of unknown efficacy is compared 

to an active control which previously has been compared to placebo in a superiority trial and found to 

be efficacious.  One assumption inherent in noninferiority trials is that a new (experimental) therapy 

that is declared noninferior to an efficacious comparator would be superior to placebo if this hypothesis 

were tested in a superiority trial
5,6

.  This “presumed superiority to placebo” may be incorrect if the 

noninferiority trial has a large margin of noninferiority and the results favor active control
7,8

.  The 

“presumed superiority to placebo” may also be incorrect in the case where several iterations of 

noninferiority trials occur, a phenomenon called “bio-creep” (see Figure 1).  Few empirical data exist as 

to if and how often therapies declared noninferior have reduced effectiveness due to erosion of 

presumed superiority to placebo
8-10

. 

We recently observed that noninferiority trials have been used to compare therapies at a reduced 

intensity (in terms of cumulative dose or omission of a component of a multifaceted 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 TPA (tissue plasminogen activator) to standard 

dose TPA for ischemic stroke, omitted bleomycin from ABVD therapy (Adriamycin Bleomycin, 

Vinblastine, Dacarbazine) for lymphoma, and tested intermittent versus continuous androgen 

deprivation for prostate cancer
11-13

.  Noninferiority trials of reduced intensity therapies present a unique 

opportunity to evaluate degradation of the presumed superiority to placebo of experimental therapies 

in these trials.  In most noninferiority trials of novel experimental therapies, there is little evidence to 

suggest how the novel therapy will fare compared to 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
14

.  If many reduced intensity 

therapies nonetheless meet noninferiority 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 reductions could result in a reduced intensity therapy that 

approximates a placebo, but is nonetheless considered noninferior 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 noninferiority 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 confidence interval below the 

prespecified margin of noninferiority.  In this scenario, reduced dose aspirin meets noninferiority criteria 

when compared to full dose aspirin even though there is a strong trend towards statistical inferiority of 
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reduced dose aspirin.  In the next panel, a further reduction in aspirin dose is again numerically worse 

than the previous reduced dose, but the confidence interval does not include the margin of 

noninferiority and it is declared noninferior.  This sequence culminates in the paradoxical result in panel 

6, where the dose of the experimental therapy is reduced to zero, making it a placebo which is 

noninferior to aspirin.  In this hypothetical sequence, inferiority of reduced dose aspirin is obscured 

within the margin of noninferiority 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 noninferiority and greater reductions in therapy 

intensity.  Though this phenomenon, called “bio-creep”, could happen in any noninferiority 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 noninferiority trials, categorizing them based on whether they compared a 

reduced intensity therapy to a full intensity active control, or otherwise.  We hypothesized that trials of 

reduced intensity therapies would have less favorable results (in terms of point estimates and 

declarations of superiority and noninferiority) than trials that were not testing a reduced intensity 

therapy as the experimental therapy.  We also wanted to determine if the margin of noninferiority was 

more conservative in trials of reduced intensity therapies. 

 

Methods: 

This study used a dataset that was created for a different analysis of noninferiority trials
15

..  We 

searched MEDLINE for iterations of noninferiority (e.g., non-inferiority, noninferior)
16

 combined with the 

MEDLINE-recognized names of the five highest impact general medical journals (New England Journal of 

Medicine, Lancet, JAMA, British Medical Journal, Annals of Internal Medicine) to identify manuscripts 

reporting the results of prospective parallel group randomized controlled trials using a test of 

noninferiority for the primary hypothesis published between June, 2011 and October, 2016 (inclusion 

criteria).    (Our five-year retrospective search period began in June, 2016 and took until the end of 

October.  Prior to analyzing 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 cluster randomized design or Bayesian methodology, those that did not use an active control 

(e.g., FDA-mandated safety trials comparing a new therapy to placebo) and those that reported data 

that were incomplete or could not be summarized.  We excted data relating to design parameters and 

results into a standardized form.  We categorized trials as testing a reduced intensity therapy if the new 

therapy utilized 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 multi-

component 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 2-sided 95% confidence intervals for all results and 

categorized them according to CONSORT recommendations
17

.  We chose to do this to standardize the 

presentation of results to comport with Figure 1 of the CONSORT statement
17,18

.  We coded a trial’s 

results as favorable if they warranted a CONSORT declaration of noninferiority (the upper bound of the 
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95% confidence interval excluded the prespecified margin of noninferiority) and/or superiority (the 

upper bound of the 95% excluded zero difference). For trials where the primary outcome was reported 

as a measure of risk (e.g., hazard ratio, odds ratio, or relative risk) we calculated the absolute risk 

difference for the primary outcome for use in quantitative analyses
19

.  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 (e.g., multiple doses of the same drug) were tested in 

independent groups, we considered these to be independent noninferiority comparisons.  We used Chi 

Square and Student’s t-tests where appropriate.  All descriptive statistics and analyses were performed 

with STATA version 14 (College Station, Texas). 

 

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 noninferiority comparisons. 

Table 1 shows basic characteristics of the trials.  The two highest impact journals (New England Journal 

of Medicine and Lancet) published 127 (78%) of the trials.  Four specialty orientations accounted for 

over half of the trials: infectious diseases, hematology/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 intensity active control.  A selection of these trials and the therapies they evaluated is listed in Table 

2.  The proportion of  favorable results (a determination of noninferiority or superiority) was 58.3% (95% 

CI 41%-74%) for these comparisons versus 82.2 % (95% CI 75%-88%) for comparisons not testing a 

reduced intensity therapy (difference 23.9%; 95% CI 6.6%-41.1%, P=0.002).  Among comparisons 

involving reduced intensity therapies, 2.8% warranted a declaration of superiority versus 18.5% of the 

remainder of comparisons (difference 15.7%; 95% CI, 7.4% - 24%, P=0.019).  

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

control when the new therapy was a reduced intensity therapy compared to trials not testing a reduced 

intensity therapy (60.3% versus 22.2%; difference 38.1%; P<.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 estimates favoring the active control for 

trials with small sample sizes, a finding that suggests possible publication bias; however, formal tests of 

publication bias (Begg
20

 and Harbord
21

), 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 

favoring active control.  For these trials, the mean prespecified margin of noninferiority was nearly 

identical for trials of reduced intensity therapy versus all other trials (8.8% versus 8.4%; difference 0.4%, 

P=0.73). 
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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 to placebo as the new therapy.  An example is the trial of perioperative bridging 

anticoagulation versus placebo in patients with atrial fibrillation.
22

  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 

experimental therapy to maximize separation of the trial populations and increase the likelihood of 

finding statistically significant outcome differences
23

.  Conversely, inadequate dosing of the active 

control in a noninferiority trial can bias the results towards the null and increase the probability of 

falsely declaring noninferiority when the experimental therapy is truly inferior
5,24,25

.  We identified a 

unique subset of noninferiority trials where investigators 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 noninferiority trials.  Our results 

show that when a reduced intensity therapy is compared to a full intensity active control in 

noninferiority trials, the results disfavor reduced intensity therapies in absolute terms and when 

compared to noninferiority trials that do not compare two essentially identical therapies at different 

intensities.  This observation is not entirely inconsistent with the general goal of a noninferiority trial 

which is to exclude differences greater than a prespecified margin.  Nonetheless, our results emphasize 

that caution is warranted in the interpretation of results and conclusions of noninferiority trials of 

reduced intensity therapies.  Clinicians may be advised to carefully inspect the results with an emphasis 

on the delta margin utilized and the 95% confidence interval of the results to determine it includes 

clinically important values
26,27

.  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, investigators 

designing these trials should recognize the inherent threat of bio-creep and design them with a suitably 

conservative margin of noninferiority.  Notably, trials of reduced intensity therapies in our cohort did 

not utilize a more conservative margin of noninferiority than other trials, perhaps because the enhanced 

threat to their validity has heretofore gone unrecognized.  While our focus was on the specific 

vulnerability of trials of reduced intensity therapies, all noninferiority trials are susceptible to loss of 

presumed superiority to placebo and bio-creep. 

To our knowledge, no prior investigations have evaluated the effects of reduced intensity therapies in 

noninferiority trials, nor has there been an empirical demonstration of bio-creep which remains a 

theoretical concept.  This is because a demonstration of bio-creep or loss of some of the presumed 

superiority to placebo (sometimes called the putative placebo effect) would require the experimental 

therapy to be compared to placebo, which is usually ethically infeasible and the very reason a 

noninferiority design was selected
4,28

.  We recognized that noninferiority 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 utilized simulations to evaluate the 

propensity for bio-creep in noninferiority trials depending upon different underlying assumptions
8-10

.  

Two of these studies including one modeled based upon empirical data
8
 showed significant risk of bio-

creep
8,9

, while one concluded that there was little risk if certain assumptions were met
10

.  The results of 
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these simulations hinge critically on the underlying assumptions, particularly the distribution of true 

treatment 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 noninferiority 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 established 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 bio-creep. 

An alternative interpretation of our results was offered by two reviewers.  The reviewers noted that 

since noninferiority or superiority criteria were met for only 58% of trials of reduced intensity therapies, 

the proposed sequence of biocreep illustrated in Figure 1 was interrupted for 42% of the trials with the 

first noninferiority trial.  That is, the noninferiority trials were effective in filtering out truly noninferior 

therapies.  (If publication bias leads to unfavorable results not being published differentially, the  true 

proportion of favorable results may be lower than 58%.)  We agree that it is reassuring that many 

noninferiority trials of reduced intensity therapies fail to demonstrate superiority or noninferiority but 

note that the majority do meet noninferiority criteria.  This is concerning because any declaration of 

noninferiority is highly sensitive to the choice of delta – with a large enough delta any therapy can be 

declared noninferior. 

 

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 publication epoch.  Since the highest impact journals appear to publish the bulk of noninferiority 

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 intensity 

therapies have effects that tend to favor full intensity, 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 bio-creep but cannot confirm that these 

phenomena are operative.  Doing so would require comparing reduced intensity therapies directly to 

placebo which is usually ethically infeasible
28

.  Nonetheless the results provide a cautionary tale for 

noninferiority trials of reduced intensity therapies and indeed all noninferiority trials. 

Conclusions: 

Noninferiority trials of reduced intensity therapies show reduced effects, yet the majority meet 

noninferiority criteria.  This finding is consistent with loss of some of the presumed superiority to 

placebo and early bio-creep. The results justify caution in the interpretation of noninferiority trials of 

reduced intensity therapies and highlight the critical importance of the prespecified margin of 

noninferiority in all such trials to avoid false declarations of noninferiority. 
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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% confidence intervals – point estimates on the left of 

the center line favor the experimental therapy and point estimates on the right favor the active 

control.  In panels #2-6, the vertical dashed line represents the margin of noninferiority.  In 

panel #1, aspirin 325 mg is superior to placebo control in a superiority trial.  In panel #2, 

reduced dose aspirin at 162 mg as the experimental therapy is compared to full dose aspirin as 

active control.  The difference favors full dose aspirin, but the reduced dose meets 

noninferiority criteria because the upper bound of the 95% confidence interval does not cross 

the noninferiority 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 20 mg, and the experimental therapy is aspirin at 

a dose of 0 mg (i.e., placebo) and placebo is noninferior to aspirin – a highly paradoxical result 

compared to panel #1 where aspirin was superior to placebo.  This result obtains because in 

panels #2-6, reduced efficacy of the experimental  therapy is concealed in the margin of 

noninferiority.  This phenomenon has been called “bio-creep.” 

 

 

 

Figure 2.  Flow diagram showing selection of trials. 

 

Figure 3. The log of the total number of patients analyzed 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 favor active 

control.  A paucity of datapoints in the bottom right of the figure may suggest 

publication bias. 
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All Trials n (%) 

Non-RIT trials 

n(%) 

RIT trials 

n(%) 

  Total n 163 Total n 132 Total n 31 

Journal NEJM 64 (39%) 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 5 (3%) 3 (2%) 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% 

  Hematology/Oncology 21% 17% 39% 

  Cardiology 17% 19% 6% 

  Pulmonary/Critical 

Care 
13% 

14% 6% 

  Endocrine 6% 7% 3% 

Primary 

outcome 

measured as: 

Absolute Risk 

Difference 
114 (70%) 92 (70%) 22 (71%) 

  Mean 26 (16%) 23 (17%) 3 (10%) 

  Hazard Ratio 13 (8%) 9 (7%) 4 (13%) 

  Relative Risk 

Difference 
8 (5%) 

7 (5%) 1 (3%) 

  Odds Ratio 2 (1%) 1 (1%) 1 (3%) 

 

Table 1.  Characteristics of 163 included trials.  Additional 

characteristics of the trials can be found in reference 15, Aberegg et al.  

RIT =  reduced intensity therapies. 

*2011 and 2016 were incomplete years 
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First Author Disease Experimental 

Therapy 

Active Control Outcome 

Anderson
29

 Ischemic Stroke low dose alteplase standard dose 

alteplase 

death or 

disability at 90 

days 

Johnson
11

 Hodgkin's 

Lymphoma 

ABV ABVD 3-year 

progression free 

survival 

Sherman
30

 Hepatitis C virus 

infection 

24 weeks 

telaprevir 

48 weeks 

telaprevir 

sustained 

virologic 

response 

Pritchard-

Jones
31

 

Wilms' tumor omission of 

doxarubicin 

inclusion of 

doxarubicin 

event-free 

survival 2 years 

after diagnosis 

Bernard
32

 Pyogenic 

vertebral 

osteomyelitis 

6 weeks of 

antibiotics 

12 weeks of 

antibiotics 

clinical cure rate 

Vaidya
33

 Breast cancer targeted 

radiotherapy 

whole breast 

radiotherapy 

local recurrence 

rate 

van 

Herwaarden
34

 

Rheumatoid 

arthritis 

withdrawal of 

adalimumab or 

etanercept 

continuation of 

adalimumab or 

etanercept 

rate of major 

flare at 18 

months 

Feres
35

 Coronary 

stenting 

3 months 

antiplatelet 

therapy 

12 months 

antiplatelet 

therapy 

net adverse 

clinical and 

cerebral events 

Rahman
36

 Malignant 

pleural effusions 

12 French tube 24 French tube pleurodesis 

efficacy 

Barone
37

 Genital fistula  7 days 

postoperative 

bladder 

catheterization 

14 days 

postoperative 

bladder 

catheterization 

repair 

breakdown rate 

 

Table 2.  Examples of noninferiority trials of reduced intensity therapies 

included in the analysis.  See Appendix 1 for a full bibliography of all 31 

trials. 

Page 12 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on June 4, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019494 on 2 M
arch 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

  

 

 

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% 

confidence intervals – point estimates on the left of the center line favor the experimental therapy and point 
estimates on the right favor the active control.  In panels #2-6, the vertical dashed line represents the 

margin of noninferiority.  In panel #1, aspirin 325 mg is superior to placebo control in a superiority trial.  In 
panel #2, reduced dose aspirin at 162 mg as the experimental therapy is compared to full dose aspirin as 
active control.  The difference favors full dose aspirin, but the reduced dose meets noninferiority criteria 

because the upper bound of the 95% confidence interval does not cross the noninferiority 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 20 mg, and the 

experimental therapy is aspirin at a dose of 0 mg (i.e., placebo) and placebo is noninferior to aspirin – a 
highly paradoxical result compared to panel #1 where aspirin was superior to placebo.  This result obtains 

because in panels #2-6, reduced efficacy of the experimental  therapy is concealed in the margin of 
noninferiority.  This phenomenon has been called “bio-creep.”  
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Figure 2.  Flow diagram showing selection of trials.  
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Figure 3. The log of the total number of patients analyzed 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 favor active 
control.  A paucity of datapoints in the bottom right of the figure may suggest publication bias.  
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