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HYPOTHESES
T test:

new (experimental) treatment

C:

active control treatment

•H0: C – T ≥ noninferiority margin Δ

C is superior to T

•HA: C – T < noninferiority margin Δ

T is not inferior to C

Δ is the non-inferiority margin: how much C can exceed T with T still being considered
non-inferior to C (margin Δ >0).
Null hypothesis: active control C exceeds the experimental treatment T by at least Δ. If
this cannot be rejected, then the active control is considered superior to the experimental
treatment. (the non-inferiority cannot be claimed)
Alternative hypothesis: active control may have better efficacy than experimental
treatment, but by no more than Δ. Experimental treatment is not inferior to active control.
Rejection of null hypothesis is needed to conclude for non-inferiority.

Such a design assumes that benefits are expected on other
outcomes ! (to be tested as secondary outcomes)

HYPOTHESES
•

H0: C – T ≥ noninferiority margin Δ C is superior to T

•

HA: C – T < noninferiority margin Δ

T is not inferior to C

To assess non-inferiority (whether he null hypothesis is rejected), we perform a one-sided
hypothesis test at α level of significance.
Equivalently, we can compute a 100(1-2α) percent two-sided confidence interval for the
difference (C – T).
If the confidence interval’s upper bound is less than Δ, then with 100(1-2α) percent
confidence, we say that T is non inferior to C (if C is more efficacious than the
experimental treatment, the difference does not exceed Δ.)
→ non-inferiority of experimental treatment as compared to active control,
at α level of significance.
Inappropriate to conclude to NI after failure to show superiority
Switching from superiority to NI needs prespecification of the NI margin and to
take into account the possible inflation in α error
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POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NONINFERIORITY TRIALS

Piaggio et al., JAMA 2006

POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NONINFERIORITY TRIALS
A: CI lies wholly to the left of zero
→ new treatment is superior

POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NONINFERIORITY TRIALS

B and C: CI lies to the left of Δ and
includes zero
→ new treatment is noninferior but
not shown to be superior.

POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NONINFERIORITY TRIALS

D: CI lies wholly to the left of Δ and
wholy to the right of zero
→ new treatment is noninferior cfr. our definition,
but inferior in the sense that a null treatment
difference is excluded.
This puzzling case is rare, since it requires a very
large sample size. It can also result from having
too wide a noninferiority margin.

POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NON-INFERIORITY TRIALS

E and F: CI includes Δ and zero,
→ difference is nonsignificant, but result
regarding noninferiority is inconclusive

POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NONINFERIORTY TRIALS

G:
CI includes Δ and is wholly to the right of 0,
→ difference is statistically significant, but
inconclusive result regarding possible
noninferiority of magnitude Δ or worse.

POSSIBLE SCENARIOS OF OBSERVED TREATEMENT DIFFERENCES
FOR ADVERSE OUTCOMES (HARMS) IN NONINFERIORITY TRIALS

H: CI wholly above Δ
→ new treatment inferior
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CHOOSING NONINFERIORITY MARGINS

Conventional

Effect retention

CHOOSING NONINFERIORITY MARGINS

Conventional

Margin is set by a minimal clinical difference, e.g. 1.25
Main concern with this method : this does not imply necessary that
the experimental treatment has any effect

CHOOSING NONINFERIORITY MARGINS
B represents the midpoint between HR = 1 and the point estimate:
(1.3 + 1)/2 = 1.15
C presents a conservative margin based on the 95%-95% method:
one half of the 95% lower confidence limit

Effect retention

ALPHA ERROR AND POWER
•

Power :

Probability to conclude to noninferiority when the alternative
hypothesis is true, alternative that must be specified in the sample
size a priori assessement
•

Alpha error :

Probability to conclude to noninferiority when the null hypothesis is
true, ie C is better than T by at least Δ
•

Required sample size :

Δ being smaller than a « clinically relevant » effect, sample sizes are
generally higher than for superiority trials
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CONSORT

CONSORT

CONSORT
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Item 1 : Title and abstract

Item 2 : Justifying the background

Item 3 : Eligibility criteria

Item 4 : Interventions

Item 5 : Objectives

Pas de précision sur les hypothèses de noninfériorité / supériorité en fonction des objectifs

Item 6 : Clearly defined primary and
secondary outcome measures

No explicit mention specifying that the definitions
are similar to those in the trials establishing the
standard treatment as a standard

Item 7 : Sample size including choice of margin and alternative hypothesis

Margin specified, conventional method
Alternative hypothesis : strict equivalence

Item 7 : Sample size including choice of margin and alternative hypothesis

Margin unspecified, effect retention method
Alternative hypothesis : ?

Item 7 : Interim analysis (Heymach)

Preplanned but purpose unspecified

Item 12 : Statistical methods

Item 16 : Numbers analyzed

Number of patients reported, ITT, no PP analysis

Item 17 : Results

Failure to show non-inferiority

Item 17 : Results

No statistical inference

Item 20 : Interpretation
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CHRONOLOGICALLY TREND IN PUBLICATION AND QUALITY
OF REPORTING EVALUATED BY ITEMS 1 TO 7, 12, 16, 17 AND
20 IN THE EXTENDED CONSORT CHECKLIST (NUMBER OF
ITEMS REPORTED).

All items reported in 43% of the trials
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SUMMARY OF THE 72 NONINFERIORITY TRIALS IN CANCER
Trial Characteristics
Design
2-arm phase III
3-arm phase III
4-arm phase III
Factorial design
Randomized phase II
Type of malignancy
Lung
Colorectal

Breast
Others
Modality
Chemotherapy

Trial, n (%)
56 (78%)
7 (10%)
2 (3%)
3 (4%)
4 (6%)
Non–small cell
Small cell
Early
Early (adjuvant)
Advanced
Early
Advanced

14 (19%)
3 (4%)
2 (3%)
3 (4%)
10 (13%)
9 (14%)
5 (7%)
26 (36%)

First line
Second line

33 (63%)
12 (17%)

Adjuvant or neoadjuvant chemotherapy

12 (17%)

Hormone therapy
Radiotherapy
Surgery
Multimodality

3 (4%)
5 (7%)
4 (6%)
3 (4%)

SUMMARY OF THE 72 NONINFERIORITY TRIALS IN CANCER
Primary endpoint
OS
PFS or TTP
DFS, RFS, TTR, or local recurrence
ORR
Biochemical or clinical failure
Others
Total actual sample size
Less than 200
200–499
500–999
1,000 or more
Sample size calculation
Calculated as a confirmatory noninferiority trial
Power
80%
81%–89%
90% or more
Not reported
Alternative hypothesis
Equivalent treatment outcomes
Superior treatment outcomes
Not reported
Calculated as a superiority trial
Because of switching from superiority to noninferiority
Other reasons
Calculated as a randomized phase II trial
Calculated by a Bayesian method

26 (36%)
17 (24%)
13 (18%)
6 (8%)
2 (3%)
8 (11%)
6 (8%)
26 (36%)
25 (35%)
15 (21%)
56 (78%)
42 (58%)
7 (10%)
5 (7%)
2 (3%)
22 (31%)
9 (13%)
25 (35%)
11 (15%)
8 (11%)
3 (4%)
4 (6%)
1 (1%)
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METHODS FOR SELECTING NONINFERIORITY MARGINS
Selection Method
Non-inferiority margin used
Conventional methoda
Justification
Based on efficacy
Based on trade-off between toxicity and efficacy
Based on requirements for approval
Reference to historical data
Yes
No
Post hoc
Effect retention methoda
Retention proportion
50%
57%
Reference to historical data
Yes
No
Not specified
Post hoc
Non-inferiority margin not used
Bayesian

Trial, n (%)
68 (94%)
18 (25%)
12
3
3
7
11
2
6 (8%)
5
1
5
1
45 (63%)
3
4 (6%)
1 (1%)

Non-inferior if P for superiority < 0.05 or < 0.09

2 (3%)

Usual analysis for superiority was reported

1 (1%)

a One trial was double counted because the authors specified two
margins by the conventional and effect retention methods.

NONINFERIORITY MARGINS AND OTHER DESIGN FACTORS
Author (year; reference)

Noninferiority margin
HR
DPS DRR

Experimental

Control

Primary
endpoint

Method for selecting
noninferiority margins

Cisplatin + vinorelbine
Cisplatin + vinorelbine
Cisplatin + vindesine
Cisplatin + gemcitabine
Cisplatin + irinotecan
Cisplatin + irinotecan
Cisplatin + irinotecan
Platinum-doublet 6 cycles
Cisplatin + gemcitabine
Carboplatin + paclitaxel

OS
OS
OS
OS
OS
OS
OS
OS
OS
PFS

ERM of 50%
ERM of 50%
Not specified
CM based on toxicity
Not specified
Not specified
Not specified
Not specified
CM based on efficacy
CM based on efficacy

1.18
1.18
1.33
1.33

Park et al. (2007; 27)
Scagliotti et al. (2008; 28)
Heymach et al. (2008; 18)

Cisplatin + docetaxel
Carboplatin + docetaxel
Irinotecan
Gemcitabine alone after 2 courses
Carboplatin + paclitaxel
Cisplatin + gemcitabine
Cisplatin + vinorelbine
Platinum-doublet 4 cycles
Cisplatin + pemetrexed
Vandetanib

Mok et al. (2009; 29)

Gefitinib

Carboplatin + paclitaxel

PFS

Not specified

1.20

Pemetrexed
Pemetrexed
Topotecan
Gefitinib
Gefitinib
Vinflunine

Docetaxel
Docetaxel
Docetaxel
Docetaxel
Docetaxel
Docetaxel

OS
OS
OS
OS
OS
PFS

CM based on efficacy
ERM of 50%
Not specified
ERM of 50%
Not specified
Not specified

1.11
1.21

Advanced NSCLC (first line)
Fossella et al. (2003; 23)
Negoro et al. (2003; 24)
Novello et al. (2007; 25)
Ohe et al. (2007; 26)

Advanced NSCLC (second line)
Hanna et al. (2004; 7)
Ramlau et al. (2006; 30)
Kim et al. (2008; 31)
Maruyama et al. (2008; 32)
Krzakowski et al. (2010; 33)

1.176
1.37

0.10
0.10
0.10
0.15
0.15

0.10
1.154
1.25
1.325

Author (year; reference)

Noninferiority margin
HR
DPS
DRR

Experimental

Control

Primary
endpoint

Method for selecting
noninferiority margins

Capecitabine
Capecitabine
Eniluracil + 5-FU
Sequential
Capecitabine
Capecitabine
Capecitabine + irinotecan

5-FU + leucovorin
5-FU + leucovorin
5-FU + leucovorin
Combination
FUFOX
FOLFOX4
FOLFIRI

ORR
ORR
OS
OS
PFS
PFS
PFS

Not specified
Not specified
Not specified
Not specified
Not specified
ERM of 50%
CM based on efficacy

1.25
1.18
1.29
1.23
1.25

XELOX
Irinotecan first
IRIS

FOLFOX4
FOLFOX4 first
FOLFIRI

PFS
OS
PFS

Not specified
Not usede
Not specified

1.30
—
1.33

Goserelin
Leuprorelin acetate
Vinorelbine + capecitabinee

CMF
CMF

DFS
RFS
SRR

Not specified
Not specified
Not specified

1.25

Muss et al. (2009; 22)

Capecitabine

CMF or doxorubicin +
cyclophosphamide

RFS

Not usedg

—

—

Park et al. (2009; 46)

UFT + tamoxifen

CMF

RFS

CM based on efficacyh

1.41

0.10

Watanabe et al. (2009; 21)
Swain et al. (2010; 47)

UFT
Doxorubicin + docetaxel

CMF

RFS
OS

CM based on toxicity
Not reported

1.30
—

—

Vaidya et al. (2010; 49)
Whelan et al. (2010; 50)

Targeted
Hypofractionated

Whole breast radiotherapy
Standard radiotherapy

LR
LR

Not specified
CM based on efficacyi

Advanced colorectal (first line)
Hoff et al. (2001; 4)
Van Cutsem et al. (2001; 5)
Schilsky et al. (2002; 36)
Seymour et al. (2007; 37)
Porschen et al. (2007; 38)
Cassidy et al. (2008; 39)
Köhne et al. (2008; 40)
Advanced colorectal (second line)
Rothenberg et al. (2008; 41)
Kim et al. (2009; 42)
Muro et al. (2010; 43)
Early breast
Jonat et al. (2002; 44)
Schmid et al. (2007; 45)
von Minckwitz et al. (2008; 48)

Doxorubicin + cyclophosphamide
+ docetaxelf

Doxorubicin + cyclophosphamide
+ docetaxel

0.10
0.10

—

—

0.10
0.10

0.025
0.05

—

—

OTHER IDENTIFIED METHODOLOGICAL ISSUES
• Claim for NI when statistical criteria are not met : 7 reports
• Switching from superiority to noninferiority
• Done in 9 trials, without prespecified margin in 5 (4 after having analyzed
the data), adequate adjustment in 3 out of the 4 others
• Sample size and power
• Sample size assessed to demonstrate superiority : 11 trials (15%)
• Trial powered with the alternative that T is > C : 9 trials (-> underpowered
trial for NI)
• Alpha level for phase II : too high !
• Analysis populations :
• IIT : 52, PPS : 6, both ITT and PPS : 11, not reported : 3
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PRACTICAL RECOMMENDATIONS
Recommendation Description
A non-inferiority margin should be specified prior to start of patient enrollment. Switching from superiority to
noninferiority without prespecified margins is not recommended. Switching with a prespecified plan is not
Design
established and needs further methodologic research.

Design

Design

Design

Design

Analysis
Reporting

The objective of the conventional method is to prove absence of a clinically relevant difference, whereas the
effect retention method aims to show that the experimental treatment has an effect greater than zero. Careful
examination of the assured effect of active control is necessary even in the conventional method.
A best estimate of the effect of active control, ideally from a meta-analysis, is necessary. It is not
recommended to conduct a non-inferiority trial in patient populations with limited evidence of the efficacy of
standard treatment. Potential uncertainty in historical evidence should be examined carefully.
Sample size of a noninferiority trial should be calculated to provide adequate power under the
alternative hypothesis of equivalence unless there is a clinically and scientifically valid reason to do
otherwise.
If the non-inferiority margin is not clinically relevant, as in trials evaluating objective response rate,
randomized phase II non-inferiority design just increases complexity without any advantage over
conventional phase II designs.
Report results of both ITT and PPS to confirm that these analysis populations lead to similar conclusions.
Draw a conclusion by comparing the obtained results with the prespecified margin. Justification and
calculation of the margin should be reported with reference to historical data in addition to the items in the
CONSORT checklist (15).

