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OutlineOutline
• Demonstrating efficacy in an

(We did not consider safety-( y
• Background & review of non

• Issues with fixed-margin ap
standards of evidencestandards of evidence 

• The case for “one standard o
the synthesis method to app

• Logical inconsistencies if tre
• Key assumptions of the synt

• Adjusting for possible violat
• Conclusions / Q&A / Discuss

n active controlled (AC) trial 
-related issues of AC trials))
n-inferiority (NI) methods
pproaches and inconsistent 

of evidence” and the use of 
ply this standard
eating NI differently 
thesis method
tions
sion 
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Focus of our Team’s EFocus of our Team s E

• Demonstrating an experimDemonstrating an experim
sufficiently effective for reg

• We assume the following f
• Pivotal trial compares T to a
• Inclusion of a placebo arm 
• We will be able to demonstr

treatment for the intended itreatment for the intended i

Efforts:Efforts:

mental treatment (T) ismental treatment (T) is 
gulatory approval   

for purposes of our inquiry: 
an active control treatment (C)
is either unethical or impractical 
rate that T is a sufficiently safe 
ndicationndication
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Active Controlled (AC) TrialActive Controlled (AC) Trial

• Possible outcomes of our 

1) T statistically superior to C
2) C statistically superior to T
3) No statistical difference ob

Although (1) is the most desir
prudent researcher should plaprudent researcher should pla

l without Placebo Arml without Placebo Arm

AC trial:

C
T
bserved between T and C

rable outcome, a 
an for (2) and/or (3)an for (2) and/or (3).
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Relevant Parameters for the

• For our AC trial, we can still d

Relevant Parameters for the

• γTC = parameter for efficacy o
• γCP = parameter for efficacy o
• γ = parameter for efficacy o• γTP = parameter for efficacy o

<< Assume increasing values of these

So a test to show that γ > 0 (iSo a test to show that γTP > 0  (i.
than P) corresponds to the traditi
demonstrating the efficacy of 

e AC Trial

define: 

e AC Trial

of T over C  (estimated in AC trial)
of C over P  (from historical trial)
of T over P (not directly estimated)of T over P  (not directly estimated)

e represent greater efficacy >>  

e that T has greater efficacye. that T has greater efficacy 
ional “gold standard” for 
a new treatment.   
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Illustration of Two Tests for Ef
Confidence Interval EstimateConfidence Interval Estimate 

Superiority of T to P
(“imputed placebo”

demonstrated

γ = 0γTP = 0

fficacy Using the 95% 
for γ Cfor γTC

P
”) 

Superiority of T to C 
demonstrated

γ = 0γTC = 0
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Two Types of Methods for A

• Both require an historical estim
(For our discussion we will consider γC

Two Types of Methods for A

(For our discussion we will consider γC
relative to either placebo or some prior

• Fixed margin approach:Fixed margin approach:  

• Use historical estimate of γCP (a
to determine a fixed numerical m

H0:  γTC = m versus HA: 

• One example:  The “95
th d t l tmethod sets m equal to

bound for γCP  

Analyzing an AC Trial (1)

mate of γCP
CP as denoting the efficacy of C

Analyzing an AC Trial (1)

CP as denoting the efficacy of C 
r standard of care)

and possibly its standard error as well) 
margin m against which to test
 γTC > m

5-95”, or “two-confidence-interval” 
( 1/2) th l 95% fido (–1/2) the lower 95% confidence 
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The margin m, when consider
is a number less than 0: 

mγ = 0γTP = 0

red on the scale of γTC , 

γ = 0γTC = 0
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Two Types of Methods for A
• In general, fixed margin methods do

γCP as a random variable.

Two Types of Methods for A

γCP

• Because of this, Rothmann and coll
method typically leads to much low

• Synthesis approach:

• Assume γCP is constant (the so-calle
h hi i l i ftreat the historical estimate of γCP as

• Assume stochastic independence be
then the following estimates can be 

• γTP = γTC + γCP

• Var [γTP] = Var [γTC] + Var [γC

٨٨ ٨

٨ ٨ ٨٨ ٨ ٨
Var [γTP]  Var [γTC] + Var [γC

* Stats in Med 22:239-264, 2003

Analyzing an AC Trial (2)
o not treat the historical estimate for 

Analyzing an AC Trial (2)

leagues* showed that the “95-95” 
wer-than-nominal α levels.    

ed “constancy assumption”) and then 
d i bls a random variable. 

etween historical data and the AC trial;   
a basis for analysis:   

CP]
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FDA’s “Preservation of EFDA s Preservation of E

• FDA has typically rejected the “go
h l ti AC t i l i twhen evaluating AC trials --- inste

some fixed fraction of the efficacy

• e.g. Show that γTP > (0.5) γCPg γTP ( ) γCP

FDA has been inconsistent over 

Synthesis approach used in s• Synthesis approach used in s

• 95-95 or other fixed margin 

٨ ٨
If Var [γTC] can be adequately approxim
then the synthesis test of preservation w
(where the margin m is a function of the

* Stats in Med 22:239-264, 2003

Effect” ApproachEffect  Approach

old standard” (showing γTP > 0) 
d i i th t Tead requiring that T preserve 

y benefit that C has over P: 

<< 50% preservation >>p

how to test for preservation:  

some cases (e g Rothmann method*)some cases (e.g. Rothmann method )

methods applied in other instances 

mated as a function of the AC trial size, 
will correspond to a fixed margin test 
e preservation percentage to be tested).  
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%-Preservation Illustrated by 
Interval Estimate for γInterval Estimate for γTC

PrPr

d
Superiority of T to P 

demonstrated

mγ = 0
0 < p < 100Preservation   p = 0%

mγTP = 0

the 95% Confidence 

reservation of
Superiority of T to C 

demonstratedreservation of 
p % benefit 

demonstrated

demonstrated

γ = 0
0% p = 100%

γTC = 0
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The Case for “One StaThe Case for One Sta
• The traditional standard of evidenc

→ Statistically significant evidency g

• Why should an arbitrarily higher s
applied when an AC trial has been

• The preservation margin is necessa
will be values below the margin fo
difference in efficacy from a valuedifference in efficacy from a value

• Preserving less than p% does not i

• In contrast, “γTP = 0” has a definite

• Requiring a higher standard of evi
regulatory bias in favor of the first

andard of Evidence”andard of Evidence
ce for efficacy of a new treatment T is: 
ce that γTP > 0  γTP

standard of evidence (γTP > y > 0) be 
n performed?  

arily arbitrary, in the sense that there 
or which there is no meaningful clinical 
e above the margine above the margin. 
imply that T is an ineffective treatment.

e objective clinical meaning.  

dence for AC trials institutes a 
t drug to be approved.
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The Case for One StanThe Case for One Stan

• The regulatory bias inherent in ag y
criterion leads to logical inconsi
following example:  

• Suppose C and T were both eva
but C was approved first

• Assume γTP > γCP

• FDA’s requirement that T prese
l b ill i l ibl iplacebo will in many plausible i

(even though T may be a better 

ndard, continued:ndard, continued:

applying the preservation pp y g p
stencies, as illustrated by the 

aluated in placebo-controlled trials, 
^^

rve p% of C’s benefit over 
i l d j i finstances lead to rejection of T 
drug than C !)  
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Hypothetical Example: 95% CIsHypothetical Example:  95% CIs

The resu
are superare super
that T m
C was ap
effect cri
cannot b

p% marginγTP = 0

s for efficacy relative to Ps for efficacy relative to P

ults here indicate that both C and T 
rior to placebo and they suggestrior to placebo, and they suggest 

may be even better than C, but since 
pproved first, the preservation of 
iterion logically requires that T 

C vs P

be approved.

T vs P
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We All Lose with the PresWe All Lose with the Pres

• Our hypothetical example high
intellectual inconsistency in cuintellectual inconsistency in cu

• Not only do pharmaceutical com
Physicians and patients may nevPhysicians and patients may nev
excluded by these practices.       

• Two treatments with similar stat
considerably different efficacy f

Patients responding 
to Treatment C

Pat

servation Standardservation Standard

hlights unfairness and 
urrent regulatory practiceurrent regulatory practice.    

mpanies lose out in this framework:  
ver get access to effective treatmentsver get access to effective treatments 

tistical efficacy may have 
for individual patients:    

Patient population

tients responding 
to Treatment T
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Example: Metastatic BladExample:  Metastatic Blad

• Randomized trial* of 2-drug re
compared to a 4-drug regimen

• An earlier randomized trial** s
statistically superior to single-astatistically superior to single-a

• Applying our notation:  T = Ge
• We will be asking whether Ge• We will be asking whether Ge

enough of MVA’s effect when

• γTC = log hazard ratio (MV
• γ = log hazard ratio (no• γCP = log hazard ratio (no 
• γTP = log hazard ratio (no 

*    Von der Masse et al:  JCO, 18:3068-3077  
**   Loehrer et al:  JCO, 10:1066-1073 (1992) 

dder Cancerdder Cancer

egimen Gemzar + cisplatin 
n MVA + cisplatin     

showed MVA + cisplatin was 
agent cisplatinagent cisplatin

emzar  and  C = MVA
emzar when added to cisplatin preservesemzar, when added to cisplatin, preserves 
 added to cisplatin 

VA over Gemzar)  
treatment over MVA)treatment over MVA)
treatment over Gemzar )
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Metastatic Bladder Ca

• Point estimates:  
٨γCP =   0.421 (with variance = 

γTC =   -0.039  (with variance =٨

٨

γTP =   0.382  (with variance =

→   Rothmann/Synthesis me
f b fi b h l

٨

of benefit, but the lower 

• So the “preservation of 50% of ben
However, Gemzar+cisplatin was st
(two-sided p-value = 0.035).  

*    Von der Masse et al:  JCO, 18:3068-3077  
**   Loehrer et al:  JCO, 10:1066-1073 (1992) 

ancer, continued:   ,

0.0181)   from **

= 0.0147)   from *

= 0.0328)  from synthesis analysis

ethod estimated a 90.7% preservation
95% b d hi l 11 7%95% bound on this was only 11.7%  

nefit” criterion was not met.  
tatistically superior to cisplatin alone 
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More on the Bladder CMore on the Bladder C

• Assuming constancy of the p

• The Gemzar+Cisplatin co
over single-agent Cisplatin

• Survival with Gemzar+Ci
to be similar to that with M
h d ti 0 96)hazard ratio = 0.96). 

• So why do the test for prSo why do the test for pr

Cancer ExampleCancer Example 

parameter γCP across the trials:

mbination improves survival 
n (2-sided p = 0.035).  

splatin treatment was estimated 
MVA+Cisplatin (estimated  = 

eservation of effect?eservation of effect?
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Key Assumptions of ty p

• Constancy:  The parameter γCP
d d i h l idata used in the analysis. 

• Note that γCP is a “between-treatm

h i i• The constancy assumption is
patient population or constan

A iti it Th ti• Assay sensitivity:  The active-
measures the efficacy outcome
any differences between treatm

• Assay sensitivity is more of an is

the Synthesis Method y

P is constant for all sources of 

ment” parameter

h k h i i fi d much weaker than requiring a fixed 
nt within-treatment parameters 

t ll d t i l d t lcontrolled trial adequately 
e and is capable of finding 
ments in that outcome.
ssue for “softer” efficacy outcomes.    
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Adjusting for Deviations fdjust g o e at o s
• Assay Sensitivity

• departures defined quantitatively ap q y

• Constancy
• departures defined quantitatively a

• Snapinn and Jiang* have proposed an 
γTP = 0  vs HA: γTP > 0 that is structur
geometric test statistic:geometric test statistic:  

Reject H0 if  ((1-w)γCP + γTC) / sqrt{(1-٨ ٨

where w controls type-1 error optimal
<< Snappin and Jiang suggest w = 0.3 should b

(corresponds to a = γCP /8 and c = γCP /4)  

* Stats in  Med (2008) 27:371-381

from Assumptionso ssu pt o s

as  a = E(γTC ) – γTC
٨(γTC ) γTC

as  c = E(γCP ) – γCP  
٨

adjusted synthesis analysis for testing H0: 
rally equivalent to the Rothmann 

-w)2Var [γCP] + Var [γTC]} > 1.96٨ ٨٨ ٨

lly when w = (a + c)/(γCP + c). 
be sufficient for moderate departures 
  >>
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ConclusionsConclusions

• One standard of evidence (supe
maintained regardless of the typmaintained regardless of the typ

• The synthesis approach can test
AC trial has been performed acAC trial has been performed, ac
both the AC trial and the histori

• The adjusted synthesis analysisThe adjusted synthesis analysis 
deviations from constancy or as
• The adjustment factor w is mat

ti t i thpreservation percentage in the 
• But setting w as high as 50% a

conservative for most practical 

riority to placebo) should be 
pe of trialpe of trial. 

t for superiority to placebo when an 
ccounting for the variability withinccounting for the variability within 
ical data.  

can be applied in instances wherecan be applied in instances where 
ssay sensitivity are of concern.
thematically equivalent to the 
R th t t t ti tiRothmann test statistic.  

appears to be unreasonably 
situations.      
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