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Abstract

Evaluation of non-inferiority is based on ruling out a threshold for what would constitute
unacceptable loss of efficacy of an experimental treatment relative to an active comparator
“Standard”. This threshold, the “non-inferiority margin”, is often based on preservation of a
percentage of Standard’s effect. To obtain an estimate of this effect to be used in the development
of the “non-inferiority margin”, data are needed from earlier trials comparing Standard to placebo
if the non-inferiority trial does not have a placebo arm. This approach often provides a biased
over-estimate of Standard’s true effect in the setting of the current non-inferiority study. We
describe two commonly used non-inferiority margin methods that adjust for this bias, the two-
confidence interval (95-95) and the Synthesis margins. However, the added ‘variance inflation’
adjustment made by 95-95 margin diminishes with increasing information from historical trial(s),
and the Synthesis margin is based on a strong assumption that the relative bias is known. We
introduce an alternative “Bias-adjusted” margin addressing vulnerabilities of each by attenuating
the estimate and by accounting for uncertainty in the true level of bias. Examples and asymptotic
estimates of non-inferiority hypothesis rejection rates in the proportional hazards setting are used
to compare methods.
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1 Background

Non-inferiority clinical trials are designed to compare an experimental therapy
(Experimental) to a standard treatment (Standard), allowing for a maximal acceptable loss of
efficacy of Experimental relative to Standard, called the non-inferiority margin (4). In the
regulatory non-inferiority trial setting, tests for Experimental efficacy are most often
conducted using margin based methods which rely on a historical estimate of the effect of
Standard relative to placebo or best standard of care (Placebo). [1, 2, 3]

In March 2010, the Food and Drug Administration issued a Draft Guidance for Industry on
non-inferiority clinical trials. In this guidance, the Agency discusses two sources of
uncertainty that need to be addressed regarding the effect of Standard relative to Placebo.
First, estimates based on results from one or more historical trials will have statistical
variability. Second, the effect of Standard estimated from past studies may be “different
from (larger than) the effect of the active control in the current non-inferiority study.’[4]

The latter concern results in part from violation of the ‘constancy assumption’, that the true
effect of Standard is the same in the historical and non-inferiority trial settings. Bias in the
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estimate of Standard relative to Placebo can arise, not only due failure of the constancy
assumption but also from issues such as exclusion of unpublished ‘negative’ results from
clinical trials, selection of the control with the greatest estimated effect from among a class
of available treatments, and ‘cherry picking’ for use in meta-analysis the favorable results
from among trials or subgroups within trials. These biases tend to over-estimate the effect of
Standard, and failure to account for them may lead to increased risk of use of insufficiently
effective or ineffective therapies.[1, 5]

In this article, we will consider the non-inferiority setting where it has been deemed
unethical for a Placebo to be included in the non-inferiority trial. After introducing notation,
we will describe two commonly used margin formulation methods that employ estimates of
Standard relative to Placebo from earlier trials. We will compare approaches to adjust these
margins for bias, and then propose a margin method which addresses vulnerabilities of the
existing adjusted methods. Finally, we will evaluate margins with respect to asymptotic
approximations of across-trial non-inferiority hypothesis test rejection rates under settings
motivated by real-world examples.

Let /xand p y denote continuous parameters for an outcome measure for subjects in a
clinical trial on treatments X and Y respectively. Then, suppose that Sxy = tix— Uy is the
parameter of interest comparing treatments X and Y. By definition, Sxy = —fyx. One
example of yis the natural log of the hazard, and Sis the corresponding natural log hazard
ratio. Other examples for Sinclude the natural log of the odds ratio, the difference in
proportions, or the difference in means for some clinical measure of interest.

Let Sesdenote the true effect of Experimental relative to Standard, Ssp denote the true effect
of Standard relative to Placebo, and Sgpdenote the true effect of Experimental relative to
Placebo, all in the setting of the non-inferiority trial. Assume that Ses, Bep, and fspare
negative when Experimental is more efficacious than Standard, when Experimental is more
efficacious than Placebo, and when Standard is more efficacious than Placebo. Also note
that Sps, which is equal to —fsp, would be the margin for ruling out loss of the entire effect
of Standard relative to Placebo in the absence of uncertainty.

Assume ,82:5 is the estimate of g obtained using data from the non-inferiority trial, and
Bps 11s the estimate of fpgobtained using data from one (or more) well designed and
conducted trial(s) evaluating the effect of Standard relative to Placebo and that these
estimates are independently distributed. When fps 4 is biased for pg, this bias can be
expressed in terms of a multiple of the expectation of Sps 1, E[Bps #]. S0, for some A2 0

(1_/\)E[§PS,U]25PS ()

Suppose we want to conduct the test defined by the following null, Ay, and alternative, Hy,
hypotheses:

/ HoliﬁEs > A
H, :8,, <A, forsomespecified A <A
where A is the non-inferiority margin. Often A, is taken to be 0.

When ,H:Es is approximately normally distributed with variance estimate védﬂ}s), the
approximate level alpha test for Ay’ versus H;' rejects when
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We will frame margins in the context of the rejection region in expression (2) for
consistency with the Food and Drug Administration guidance document and to allow for
direct comparison of methods. We will also carefully address the following Considerations
in development of the non-inferiority margin [6]:

A. The non-inferiority margin should be formulated using adjustments to account for
bias or lack of reliability in the estimate of the effect of Standard in the non-
inferiority trial setting.

B. The non-inferiority margin should be formulated to achieve preservation of an
appropriate percentage of the effect of Standard.

When addressing Consideration B, we will use pto denote the proportion of Spsto be
preserved.

3 Current margin methods for assessment of non-inferiority and
adjustment for bias

3.1 95-95 confidence interval margin

When choosing A as described in the prior section, one might address Consideration A by
taking the lower limit of the confidence interval (ClI) for the estimate of Placebo relative to
Standard from available data as an intermediate margin “A4, ”, and apply Consideration B
by taking A = (1 - p)M, , where pis a preservation of effect fraction. This process results in
a test rejecting when

-~ o~ 1/2 ~ DU 1/2
/BES—'_Zl—(l(Ua’rﬁES) / <(1_p)[ﬂPS,H_Zl_a(valr‘/@PstH) / ] ®

When the one-sided ais equal to 0.025 (equivalent to two-sided a of 0.05), the right hand
side of equation (3) is the “95-95” CI margin. This margin is also called the Fixed margin
since the values of fps ryand VarSps 1 are known prior to design and conduct of the non-
inferiority trial. Though Considerations A and B are treated as separate steps for
development of A in (3), they may instead be considered simultaneously in the development
of the final margin.

3.2 Synthesis Margin

An alternative approach can be formulated for a setting under presumed certainty of an
unbiased estimate of the effect of Standard in the non-inferiority trial setting.

Suppose we wish to ensure preservation of a fraction p of the effect of Standard, as in
Consideration B, then the relevant hypotheses Hy and Hj are:

HO:ﬂEp Zp/gsp
H,:8,, < pafsp forsomespecified p,>p

which, with Bep= Bes+ Bsp= Bes = Bps . i1s equivalent to:

Stat Biopharm Res. Author manuscript; available in PMC 2014 January 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Odem-Davis and Fleming Page 4

HU*:ﬁEs_(l_p)ﬂps >0
H,":B,.—(1—pa)Bps < 0forspecified p,>p

Often p,is taken to be 1; then, the alternatives H;and Az are equivalent to 4 with A,
equal to 0. With unbiased, normally distributed estimates ,G,_.—s and ,Bpg ~and with
corresponding variances va/(ﬂgs) and va/(ﬂpg ) , the natural level-atest for Hp versus H,
rejects when

BES _(]‘_p)BPS,H
Vvar(8,o)+(1-p)?var(B.s ;)

<TZ-a (4

Recognizing asymptotic normality for unbiased estimates ﬂ,_.-g and /J’pg #and substituting
consistent estimators va/(ﬂ,__-s) and va/(/}pg ) for va/(,/f’Es) and va/(,[ips ) leads to a test that
is asymptotically size aand corresponds to (2) with A equal to

(1_p)/§PS,H—Zl*a[ \/6(17‘(3125)+(1_p)2aar(ﬁps,ﬂ)_ \/’l/}\(ZT(BES)] ®)

Expression (5) is the commonly used form of the Synthesis margin with preservation of
proportion p of the effect of Standard relative to Placebo. [2] This formulation of the
Synthesis method, named due to the “synthesis” of results from the non-inferiority and
historical trials, allows direct comparison to the 95-95 margin and to other margins.

Margin development and assessment of non-inferiority by the 95-95 and Synthesis methods
are contrasted in Figure 1, using the example of evaluation of bivalirudin efficacy on the
endpoint of death, M1 or urgent revascularization by day 30 in the setting of percutaneous
coronary interventions. Data are from the REPLACE 2 non-inferiority trial and from the
historical EPISTENT and ESPRIT trials that are used to estimate the effect of the
Glycoprotein I1b/Illa inhibitor that is “Standard”.[1] In panel 1a, the lined region (to the
right) represents the 95% CI for the odds ratio on “Placebo” compared to “Standard” in the
context of background heparin treatment, using data from EPISTENT and ESPRIT, and the
lower limit of this interval, exp(Mj), is the intermediate 95-95 (p = 0) margin on the odds
ratio scale. In panel 1b, Experimental is compared to Placebo indirectly by the Synthesis
method, with no preservation of effect. Panels 2a and 2b depict 95-95 and Synthesis margin
development under preservation of 50% of the effect of Standard relative to Placebo. The
95-95 margin of 1.19 is obtained by taking the lower limit of the CI for 0.58p5, equal to
exp(0.5M,;), and the Synthesis margin of 1.30 is obtained by the formula shown below the
panels. Both 1.19 and 1.30 are examples of (exponentiated) margins for testing Hy. Though
Experimental fails to preserve 50% of the effect of Standard by either method, the Synthesis
comparison is less strict, with the lower limit of the CI shown in panel 2b only slightly
below 1, and correspondingly the upper limit of the shaded region in panel 2a only slightly
above 1.30.

3.3 The Synthesis(A, p) margin and adjustment for bias

Rothmann et al. suggested that with known =1 - A, the margin may be directly adjusted
by correcting the estimate and using the corresponding standard error.[2] The resulting
margin is:

Stat Biopharm Res. Author manuscript; available in PMC 2014 January 01.
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(1_p)0//8\PS,H_21—01[ \/@QTBESA—(l—p)z@%A)aT‘BPS’H— \/ﬁaTBES] ®)

which, since by definition §=1 - /, is equivalent to

(l_p)(l_A)BPS‘H_Zlfa[ \/6ar/§ES+(1_p)2(1_)‘)26aT§PS,H_ \/6(”’555] )

The margin given by (7) will be referred to as Synthesis(A, p). When we do not specify A,
assume that the default is 0, as given by (5), and that no bias adjustment is made for likely
bias in estimation of Sps. If we do not specify p, then the default value is 0.5, corresponding
to preservation of half of the effect of Standard relative to Placebo. When the Synthesis
margin is advocated in the literature, the authors usually appear to be using the unadjusted(A
= 0) margin. However, in some discussions only a ‘discounting’ factor is applied with no
preservation of effect. [7, 8] Snapinn and Jiang (2008) argued in favor of the latter setting
and suggested only a discounting factor incorporating NI trial estimate bias (“assay
sensitivity”) as well as historical estimate bias. [8] Fleming et al. (2011) emphasized the
need for preservation of effect, in addition to addressing the risk for bias, especially when
the active comparator has demonstrated efficacy with respect to irreversable morbidity or
mortality. [6] Wiens (2002) suggested use of a larger pto account for both Considerations A
and B at once. [9] Though Synthesis(A, p) is equivalent to use of a single multiplicative
factor, (1 - p)(1 - A), distinguishing between bias and preservation of effect provides
clarity.

3.4 95-95 and Synthesis(A, p) Adjustment Limitations

Like the Synthesis(A =0, p) method, the 95-95 CI method for formulation of the margin in
the context of the hypothesis test defined by Hp and A, makes adjustments for the variability
of the historical estimates and addresses the preservation of proportion p of the effect of
Standard.[4] However, relative to Synthesis(A =0, p), the 95-95 CI method also “provides
robustness” which may be considered adjustment for uncertainty in the unbiasedness of
historical estimates.[4, 9] As shown by Fleming (2008), the difference between (3) and (5)
suggests that the added adjustment that is made by the 95-95 method relative to Synthesis(A
=0, p), is the non-negative term

n—o{[A+B+2VAVE [+ B2} @)

where A = V%'rﬁ;_.-g and where B = (1 - p)? V?ar,b’;:SH.[l] This adjustment depends on the
variances of estimates from the non-inferiority trial and the historical trials rather than being
a direct function of bias in the effect of Standard relative to Placebo.

In contrast, the Synthesis(A, p) margin directly adjusts the estimated effect of Standard and
has across-trial size a for testing A versus H;when A is known. However, A is generally
unknown, and for a given set of estimates and their variances, Synthesis(0 < A< 1, p) may
actually be greater than Synthesis(A= 0, p).

Synthesis(0 < A< 1, p) is greater than Synthesis(A = 0, p) when the following inequality
holds:

(1—p)ABPS,H_21*a[ \/ﬁarEES—}—(l—p)QﬁargpsﬁH— \/ﬁarB\Es—l-(l—p)z(l—)\)Qﬁar,gPS,H]<0 )
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This phenomenon was observed in an example under which the historical estimate of
Standard effect just failed to reach significance and a test for superiority would be
recommended.[5] The fact that the Synthesis(0 < A< 1, p) margin adjustment relative to
Synthesis(A = 0, p) may be “anti-conservative” under (9) is problematic, since both A and
Va/(ﬁ’Eg) may be specified by the sponsor during protocol development, after ,Bpg Hand
Val(ﬁpsl #) are known.

We can directly attenuate the estimated effect of Standard in order to account for unknown
bias while reducing the sensitivity of the adjustment to variances of the trials by using the
method proposed in the following section.

4 Proposed method and comparison to existing margins
4.1 Proposed ‘Bias-adjusted’ Margin

Synthesis(A, p) makes an adjustment that is appropriate when A is known, yet A is unknown.
Suppose we assume A is independent of /?ps,qand normally distributed with mean Ay and
variance 2. Then we may obtain the mean and variance of (1 - A),Epg + using properties of
products of random variables. Substituting the mean and variance of (1 - A),Bng under this
model with random A leads to the following Synthesis margin:

(1—p)(1—A0)BP&H—zl_a{\/@arBES+(1_p)2v_ BarB,.} (10)

where V= (1—/\0)2170/'"51,531_1 +ﬂiS’HT2+6arﬁl’S,H T2

Unfortunately, this form of the margin introduces another parameter to be specified, 72,
which is not directly estimable from the non-inferiority trial. When

2 (1-(1- )\0) )var,@PSH

ﬂps +varﬁp5 . . atestusing (10) is equivalent to holding the confidence width
for /Jpg,_,flxed This relatlonshlp reflects increasing uncertainty about the true bias
proportion A with increasing expected bias proportion Ay and is equivalent to multiplying the
first term of the unadjusted Synthesis margin by 1 — Ay as shown below

(1_]3)(1_)\0)//8\1:5,14_21—(1[ \/ﬁar(BEs)"—(1_p)2aar(ﬁps,y)_ \/ﬁar(BES)] (11)

Expression (11) is a margin which adjusts for expected bias and variability in estimation of
the effect of Standard relative to Placebo in the setting of the non-inferiority trial. It also
preserves a portion of the effect of Standard, thereby addressing both Considerations A and
B. We will call this the “Bias-adjusted(A, p)” margin.

Figure 2 illustrates how different assumptions about bias proportions change the confidence
interval for the effect of Standard to Placebo in the setting of the non-inferiority trial for the
bivalirudin example presented in Figure 1. In each of the three panels A, B, and C, the lined
region (on the right side of each panel) represents the 95% ClI for fpsunder different
assumptions about A, the amount by which Sps 4/ is biased for Bps. The value of 72 in panel
C maintains the width of the confidence interval from panel A, reflecting uncertainty about
the true value of A as described above.

As discussed by Fleming, several inconsistencies between the bivalirudin NI trial and
historical trials existed, including differences in patient characteristics, use of supportive
care, dose, schedule, level of adherence, and composite endpoint definitions.[1] These

Stat Biopharm Res. Author manuscript; available in PMC 2014 January 01.
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differences suggest that the estimate of effect of Standard from prior trials is likely
positively biased in the setting of the NI trial; however, this bias cannot be directly assessed.
Suppose the comparison to the 95-95 margin for examples obtained from a systematic
review of trials discussed at advisory committee meetings, shown in the Appendix, is used
to provide a context for the choice of A. Using this reference, we take A equal to 0.3, and
apply the “Bias-adjusted(0.3, 0.5)” margin given by (11). This leads to a margin equal to
(0.5)(0.7)(In(1.82)) — 1.96 [vV(0.01 + 0.25*0.017) — ¥(0.01)], which on the Odds Ratio scale
is approximately equal to the 95-95 margin of 1.19.

4.2 Analytical comparison to existing methods
The difference between Bias-adjusted(A, p) and Synthesis(A =0, p) is:

A1=P)Brsy (12

Note that this difference is non-negative as long as /?LSH is non-negative, pis in the range
[0,1], and A = 0. This term represents the added adjustment of the new margin for suspected

bias in ﬂp&/./.
If we compare Bias-adjusted(Ag, p) and Synthesis(As, p), we have the difference:

1/2

(1=P) A —Ae)Bps s — 1ol (1 Bpg+(1=p)28arBpg ;) = (Bar B+ (1—p)>(1=As)20arBps ) 7] @3)

If Ag= As= A, then the difference is

1/2
]

o o 1/2 DU o
_Zlfa[(UaTﬂEs+(1_p)2var/6Ps,H) / _(varﬁﬁs+(1_p)2(1_)‘)2UGT/3PS,H) (14)

In this case, Bias-adjusted(A, p) converges to Synthesis(A, p) as v?ar(,b’}:s ) converges to zero.
We now compare (14) to the adjustment made by the 95-95 method relative to Synthesis(0,
p) to obtain:

A1=P)Bp y+21-a{[A+B+2VAVE] - [A+ B2} (9

where A = varfesand where B = (1 - p)2 Varfips 1yas in expression (8).

This term may be negative when:

1/2

A(1=p)Bps n>21-a{[A+B+2VAVB] ' —[A+B]'?}  (9)

Thus, the new margin may be more conservative (closer to the null value) than the 95-95
margin in some situations where the effect size is sufficiently large relative to the variances
of the estimates in the historical and non-inferiority trials.
5 Comparisons of margins by asymptotic approximations of across-trial
non-inferiority hypothesis test rejection rates

5.1 Approximation method

Suppose that ,6’:93 #is the log hazard ratio summarizing the effect of Standard relative to
Placebo with respect to the risk of irreversible morbidity or mortality estimated using results

Stat Biopharm Res. Author manuscript; available in PMC 2014 January 01.
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5.2 Results

from historical trial(s) and that Sz is the log hazard ratio estimating risk on Experimental
relative to on Standard from non-inferiority trial results. Analytical approximations are
obtained for rejection probabilities under non-inferiority tests using margins formulated
based on independence and approximate normality of Sps yand Bes, and rely on properties
of sums of normal random variables.[5]

Values for E[/?;a_g  BEes, and v?a/(/?z_-s) were chosen based on the Food and Drug
Administration Advisory Committee meeting examples described in the Appendix. Then, a
range of values for van(fps 1) was selected to compare the sensitivity of margins to this
parameter.

Rejection probabilities are based on the value of E[,H}gl Al regardless of the value of fps.
Therefore, rejection rates do not depend on the (unknown) true value of A. However, the true
relationship between Sesand Sps does depend on A. When Bes— (1 — p)Bps= 0, across-trial
rejection probabilities represent false positive error rates.

In Figure 3, we consider a scenario where E[/)’pg,_,] =1n(1.58) = 0.46, Bes=In(1.2) = 0.18,
and Va/(ﬂ/_:g) 4/400 = 0.01. Suppose that the true value of Ais 0.2. Then Bps= (1 -

0. 2)E[,/)’p5 Hl and Experimental preserves half of the effect of Standard. In this case, under
model assumptions including normality, Synthesis(A = 0.2) has exactly the correct across-
trial rejection probability (0.025 Type | Error rate) regardless of the variance of the estimate
of the historical effect. The rejection rate under the Bias-adjusted margin with A= 0.2
converges to 0.025 as the variance of the estimate of the historical effect converges to 0. The
95-95 margin is more conservative than both the Bias-adjusted(A = 0.2, p=0.5) and
Synthesis(A = 0.2, p=0.5) margins in the typical settings where the variance of the
historical estimate is between 0.04 (based 100 events) and 0.004 (based on 1000 events), but
when Var(fps 1) = 0.0004, corresponding to approximately 10000 events, the 95-95 margin
has size 0.046, which is greater than the desired 0.025.

Now suppose instead that the true (though unknown) A for the scenario reflected in Figure 3
is 0.3. Then, Experimental preserves only 43% of the effect of Standard. Here, as van(Bps )
converges to 0, rejection rates under both Bias-adjusted(A = 0.3, p=0.5) and Synthesis(A =
0.3, p=0.5) margins converge to 0.014, the rejection rate based on a fixed margin of 0.55p5
=0.5(1- A)(E[,l?ng]) 0.5(0.7)(0.46) = 0.16 and on ,B,_.—sapproxmately normally
distributed with Sgs=0.18 and va/(/?Eg) 0.01. So, 0.014 is the desired rejection rate which
we would use if both £[fBps 4] and A were known. Synthesis(A= 0.3, p= 0.5) results in
rejection rates greater than 0.014 when historical estimates are based on smaller trials (and
Var(Bps ) is greater) while Bias-adjusted(A = 0.3, p= 0.5) maintains rates below 0.014
across all values of van(Bps 1)

Approximate rejection probabilities shown in Figure 4 correspond to a scenario where
EBpsHl = In(1.68) = 0.52, Bes=In(1.2) = 0.18, and va/(,ﬁ,__-g) 4/400 = 0.01. Here, if fps=
1- O.B)E[ﬂps Hl, then Bes=0.585p, under the preservation of effect hypothesis with p=
0.5, and under model assumptions, the Type | Error rate is 0.025. Synthesis(A= 0.3, p=0.5)
has exactly this rejection rate (again under assumptions, including normality). In this setting
with £[Bps 1] = 0.52, rejection rates are greater than in the setting of Figure 3, for which
HBps Hl = 0.46. We may compare these two figures and suppose that the true value of fSpgis
In(1.44) for each. Then, the primary difference between them is the true value of A. If we
mistakenly choose A = 0.2 in the latter scenario, then the Bias-adjusted margin leads to an
approximate 0.025 rejection rate when the variance of the historical estimate is based on 100
events, whereas Synthesis(A = 0.2) leads to a greater rejection rate of approximately 0.04.

Stat Biopharm Res. Author manuscript; available in PMC 2014 January 01.
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Across-trial rejection rates for both of these margins converge to approximately 0.044,
which is greater than 0.025. Again the 95-95 margin rejection rate reaches an even greater
rate of 0.086 when var(Bps 1) = 0.0004, and if we make no adjustment using the Synthesis
margin the corresponding rejection rate is almost 0.12.

We consider a setting in Figure 5 where E[/Z;JSH] = In(1.58) = 0.46, fes=In(1.1) = 0.095,
and van(Bges) = 41400 = 0.01. If Sps= (1 — 0.58) [ fps 4], then Bes= 0.58sp, and under the
preservation of effect hypothesis with p= 0.5, we again wish to control the false_
positiverejection rate below 0.025 under approximation model assumptions. £ fps, 4] in this
scenario is equal to that in Figure 3; however, since Experimental is not ‘as much worse
than’ Standard in this scenario, rejection rates are greater. In this setting, Bias-adjusted(A =
0.3, p=0.5) is closer to the 95-95 margin than the Synthesis(A= 0.3, p=0.5) for variance
equal to 0.04 and 0.01, but again, the 95-95 margin rejection rates are greater with smaller
variances for the historical Standard effect estimate. More importantly, use of 95-95 in this
setting with greater bias leads to false positive rates greater than 0.025 even when the
historical estimate is based an analysis of 100 to 400 events. Although the 95-95 margin is
typically viewed as overly ‘conservative’, there are situations in which this margin may be
‘anti-conservative’ with respect to across-trial false positive error rates.

6 Limitations

Methods discussed in this article do not incorporate use of information regarding factors
predictive of bias, such as imbalances in patient characteristics that are effect modifiers.
When such information is available, more targeted adjustment of the estimated effect of the
standard in the setting of the non-inferiority trial may be possible. However, without
inclusion of a Placebo for comparison in the non-inferiority trial, any such targeted
adjustment for bias may be considered the “tip of the iceburg” and methods discussed here
may be used to address remaining uncertainty regarding bias in the estimated effect of
Standard relative to Placebo. Across-trial false positive error rates investigated this study do
not account for design-stage decisions conditional on knowledge of Sps yand van(Bes 1). As
shown by Rothmann (2005), dependent design alters the across-trial error probabilities, and
hypothesis testing procedures should account for these dependencies in order to control
Type | Error without sacrificing power unnecessarily.[10]

7 Conclusions

There are many factors which may lead to bias in the estimated effect of Standard relative to
Placebo in the setting of the non-inferiority trial, including violation of the constancy
assumption, random high bias due to the process for selecting Standard or for estimating its
effect, and publication bias.[6] The unadjusted Synthesis(A = 0, p) makes no accommodation
for bias in the estimate of Standard relative to Placebo used in formulation of the margin.

The two-Cl (95-95) method makes an added ‘variance inflation” adjustment, which does not
directly address the issue of bias and which diminishes with increasing information from
historical trial(s). The adjusted Synthesis(A, p) margin assumes that A is known, and
rejection rates under Synthesis(0 < A< 1, p) may increase with increasing variance of the
historical estimate, as shown in the example in Figure 3 with A= 0.3. The Bias-adjusted
margin both directly attenuates the estimate to allow for bias in the effect and maintains the
property of decreasing rejection rates with increasing historical estimate variance.

The Bias-adjusted margin formulation was motivated both by the expected bias in the
historical estimate of effect of Standard relative to Placebo and by correction of the
Synthesis(A, p) margin for uncertainty in the corresponding choice of A. For simplicity, the
Bias-adjusted margin does not adjust the variance for multiplication of the estimated effect
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by the constant 1 — A. We may instead consider a more explicit model to address uncertainty
about A, if we have information about the expected bias and uncertainty about this estimate.

Margins such as the Synthesis(A, p) and Bias-adjusted(A, p) may be formulated to address
both preservation of effect and uncertainty regarding unbiasedness of the effect of the
Standard in the setting of the non-inferiority trial. Comparison to the 95-95 margin for
examples obtained from a systematic review of trials discussed at FDA advisory committee
meetings shown in the Appendix provides a context for the choice of A when little or no
information is available to consider possible sources of bias. However, further exploration
for guidance on the choice of A is needed. The Bias-adjusted margin directly addresses bias
in the estimated effect of Standard, and the corresponding rejection rates are less sensitive to
varn(Bps 1) than the 95-95 and adjusted Synthesis margins. Therefore, the Bias-adjusted
margin is an attractive alternative to these commonly used margins.
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Appendix: A survey of non-inferiority trials discussed by Food and Drug
Administration

Advisory Committees

Food and Drug Administration Advisory Committee briefing documents for meetings from
2000 to 2009 in the divisions of Anti-Infectives, Arthritis, Endocrinologic/Metabolic,
Cardiovascular/Renal, and Oncologic Drugs were reviewed for discussions of non-
inferiority trials in order to understand the current status of non-inferiority trial use in the
field. Without recounting those drugs which were discussed multiple times for the same
indication during the review time period, there were 34 non-inferiority trials with unique
non-inferiority margin definitions discovered using the search criteria (documents included
any of the following words: ‘non-inferior’, ‘noninferior’, ‘equivalent’, ‘equivalence’,
‘margin’, or ‘delta’). Briefing documents that were not amenable to a word search were
visually evaluated based on any use of these words in statistical or study design sections.

When the Bias-adjusted margin equals the 95-95 margin, the following equation holds:

12

v _Z=al(A+B+2VAVE) " —(A+B)"?]

i (l_p)B\PS,H

where A = varfesand where B = (1 - )2 varfps 4/ as in Equation (8). Similarly, we obtain
value, A* 5, by solving the equation formed by setting the Synthesis(A, p) margin equal to the
95-95 margin for A, constrained to the range 0 to 1.

The Food and Drug Administration advisory committee briefing examples are shown in
Table 1, assuming p= 0.5. A*sequals the value of lambda between 0 and 1 for which the
difference between the Synthesis(A, p) and 95-95 margins would be zero, and A* g equals the
value of lambda for which the difference between the new and 95-95 margins would be
zero. Mathematica was used to solve for A* .

In Table 1, A* granges from 0.14 to 0.59 and A* sranges from 0.16 to 0.79, so we might
consider the Bias-adjusted(A*s= 0.3, p= 0.5) and Synthesis(A*s= 0.5, p=0.5) to be
approximately similar to the 95-95 with p= 0.5 in non-inferiority trials represented by those
discussed at Food and Drug Administration advisory committee meetings. As A* gincreases
from 0 to 1, the 95-95 margin makes a greater adjustment for bias in ,6’};3/4 relative to the
size of this estimated effect.
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Synthesis(p =0.5) = exp(O.S/A?PS:H -z, (\/ﬁar(/%m )+ (0.25)13617"()5’1,5:11) - \/ﬁar(ﬁg))) =

exP(05 By — s = 2y P (B ) + (0251501 fg 1)) exP( By + 21, Par(Brs)) = (0.98)(1.32) =1.30

Figure 1.

Depiction of 95-95 and Synthesis margins’ development in the example of evaluation of
bivalirudin efficacy from REPLACE 2 non-inferiority trial and from the EPISTENT and
ESPRIT trials. In panels 1a and 2a, the shaded region (the left-side region of each panel)
represents the 95% confidence interval for the Odds Ratio for Events on Experimental
relative to Standard, with Experimental better than Standard if the Odds Ratio is less than 1.
In panel 1a, the lined region represents the 95% confidence interval for the odds ratio on
Placebo compared to Standard, with background heparin therapy on both arms, from
EPISTENT and ESPRIT, and the lower limit of this interval is exp(M;). In panel 1b,
Experimental is compared to Placebo indirectly by the Synthesis method. Panels 2a and 2b
depict 95-95 and Synthesis margin development under preservation of 50% of the effect of
Standard relative to Placebo.
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Figure 2.

Diagrams showing how different assumptions about bias proportions change the confidence
interval for the effect of Standard to Placebo in the setting of the non-inferiority trial. In each
of the three panels A, B, and C, the lined region (on the right side of each panel) represents
the 95% confidence interval for s under different assumptions about A, the amount by
which Bpg 4 is biased for s The value of 12 in panel C maintains the width of the
confidence interval from panel A, reflecting uncertainty about the true value of A.
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Approximate Across-Trial Hypothesis Test Rejection Probabilities
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)
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Figure 3.

Curves showing the relationship between the number of events in historical trial(s) and
analytical estimates of across-trial rejection probabilities when E[Bpg H] =In(1.58) = 0.46,
Bes=In(1.2) = 0.18, and van(Bes) = 4/400 = 0.01. If Bps= (1 - 0. 2)E[Bp$/—,’] then Bgs=
0.5Bps, and under the preservation of effect hypothesis with p= 0.5, we wish to control the
non-inferiority test rejection probability below 0.025. Synthesis(A, p) and Bias-adjusted(A, p)
were evaluated for a range of A and a fixed p=0.5.
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Approximate Across-Trial Hypothesis Test Rejection Probabilities
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Figure 4.

Curves showing the relationship between the number of events in historical trial(s) and

analytical estimates of across-trial rejection probabilities when E[Bpg H =

BES In(1.2) = 0.18, and VaI(BES) 4/400 = 0.01. If Bps= (1 - O3)E[Bp5/./] then Bes=

In(1.68) = 0.52,

0.5Bps, and under the preservation of effect hypothesis with p = 0.5, we wish to control the
non-inferiority test rejection probability below 0.025. Synthesis(A, p) and Bias-adjusted(A, p)

were evaluated for a range of A and a fixed p=0.5.
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Approximate Across-Trial Hypothesis Test Rejection Probabilities
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Figure5.

Curves showing the relationship between the number of events in historical trial(s) and

analytical estimates of across-trial rejection probabilities when Bps H=1n(1.58) = 0.46, BES
=In(1.1) = 0.095, and var(Bes) = 4/400 = 0.01. If Bps= (1 - 0. 58)E[Bp5,.,] then Bes=

0.58ps, and under the preservation of effect hypothesis with p= 0.5, we wish to control the

non-inferiority test rejection probability below 0.025. Synthesis(A, p) and Bias-adjusted(A, p)

were evaluated for a range of A and a fixed p=0.5.
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