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Regulatory context

EMA Guideline on the Requirements for Clinical Documentation for Orally
Inhaled Products (CPMP/EWP/4151/00 Rev. 1, 2009)

Objective: demonstration of therapeutic equivalence in respect of
efficacy of inhaled asthma drugs

The comparison between products should be performed in both the
following ways:
— demonstration of equivalence for at least two dose levels on the
pharmacodynamic endpoint (response-axis analysis)

— analysis of relative potency (dose-axis analysis)
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Regulatory context

* For either approach to be acceptable a minimum requirement is that the
study has assay sensitivity, therefore:

— at least two non-zero dose levels of both the test and reference
products need to be studied

— one dose level needs to be show to be superior to the other

* We will focus the analysis of relative potency in a 4-point assay

— The same two dose levels of each product being compared are
administered (e.g., test high dose, test low dose, reference high dose,
reference low dose)

— Typical design for the comparison of different formulations of the

same medication, for example a dry powder inhaler and a pressurized
metered-dose inhaler
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Response-axis analysis

Reference

Test

Response

Dose

* The usual approach for the evaluation of equivalence is based on the
comparison between products in terms of response

* We focus on the responses to the two products at the same dose
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Dose-axis analysis

Reference

Test

Relative potency: dose of
the test that produces the
same response as one unit

of the dose of the reference

X P=X,/X,

Response

T

Dose

* The evaluation of the relative potency corresponds to a comparison
between products on the dose axis

* We focus on the doses of the two products producing the same response
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Dose-axis analysis

Based on this definition, if relative potency is:

— <1, then a dose of the test produces the same result as does a higher
dose of the reference (test is more potent)

— =1, then the two products produce the same result at the same dose
(test and reference are equipotent)

— >1, then a dose of the test produces the same result as does a lower
dose of the reference (test is less potent)

The EMA guideline requires the Cl of relative potency to lie within the
limits 0.67-1.5

The confidence level to be used is not explicitly specified in the guideline.

A clarification on this point has been recently provided by Garcia-Arieta
(AEMPS assessor): 90% confidence level (BrJ Clin Pharmacol, in press)
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Estimation of relative potency

Response

Reference

Dose

Problem: based on these dose-response curves, relative potency depends
on the response level considered (in general XT/XR # X’T/X’R)

In order to postulate a unique value for relative potency, an assumption
on the shapes of dose-response curves should be introduced
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Estimation of relative potency

Response

In this region the /
assumption of parallel

line assay seems to hold \

Reference

Log(bose)

We assume a parallel line assay, i.e. linear and parallel dose-response
curves on log-dose scale

Since the dose-response curves are linear, two points for each product
(4-point assay) allow for their estimation
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Estimation of relative potency

Reference

Response

XR XT

Test

Log(Dose)

* X, X doses of test and reference

producing the same response

x.=log(X.), x . =log(X_)

Constant horizontal distance
between the curves on the
log(dose) scale

* Constant difference X -Xx, — constant ratio XT/XR
* Unique value for relative potency, irrespective of the response level

considered
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Estimation of relative potency

The log relative potency log(p) corresponds to the difference x.-x,, since
log(p) = log(X./X_) = log(X ) —log(X_) = x_-x_
The regression lines for the dose-response curves can be expressed as
Y_=a_ +B-x and Y=o +Bx

The log relative potency is the difference x_-x. when test and reference

produce the same response. By equating the responses of the two
products we obtain

Y. =Y,
O+ Bx; = 0 + Brxg

log(p) = x;-x, = (a-a) /B
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Estimation of relative potency

Reference

Test

o |y =Y

2 1 R

?l,-_ = Og-0;

[

o

olp) log(p) = (a-at,) /
B
XR | T
Log(Dose)

The log relative potency can be estimated as the ratio between

— the estimate of the common slope of log(dose) b

— the estimate of the overall product effect a_-a_and } R

9. 14

=(a-a) /b
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Estimation of relative potency

 The calculation of the confidence interval is based on Fieller’s theorem

= —1/2
2
gvi, , L 2 Viz
R — J_rb v,,—2Rv,+Rv,,—g| V,, —
Vs, i V2
(1-9)
* Where
— Ris the estimate (a_-a) / b of log relative potency
— g= tzv22 / b?

— v,, is the variance of a-a

— Vv, is the covariance between ag-a, and b

— v, is the variance of b

— tis the appropriate percentile of the t-distribution with f DF
— fare the DF on which the residual variance is based
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Assumptions for the estimation

* Estimation of relative potency in a parallel line assay requires the following
main assumptions to be satisfied

A. Absence of significant deviations from parallelism of dose-response curves
on the log-dose scale
B. Significant dose-response relationship. If the slope b is not significantly

different from zero, the data are consistent with a zero value for 3 and
hence an infinite value for the relative potency. Assay sensitivity is also
explicitly required by the EMA guideline

C. Absence of a significant difference between products. The difference a_—a

should be non-significant. If this assumption does not hold, but relative

potency is estimated anyway, the estimate obtained is expected to be far
from unity

* Regarding the choice of the significance level to be used when testing the
assumptions, see Finney (Statistical Method in Biological Assay, 1978)

* Inour limited experience, we considered the usual significance level of
0.05 for assumptions B and C and a more stringent level of 0.1 for the
fundamental assumption A
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The two-step analysis: step 1

The proposed method for the analysis of relative potency is based on a
two-step approach

In step 1 a model is estimated to verify the required assumptions

The treatment effect is decomposed into the effects of product, dose on
the log-scale and their interaction. With this aim, the 4-level categorical
variable commonly used for treatment is replaced by two variables:
product and log-dose, to be included in the model with their interaction

Former variable New variables
Treatment Product log(dose)
Product A - 50 ug A 3.912
Product A - 200 pg A 5.298
Product B - 50 pg B 3.912
Product B - 200 pg B 5.298 ‘WY PP
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The two-step analysis: step 1

* All the other appropriate factors (e.g., baseline, centre, country, subject,
period, etc.) can be kept in the model as usual. Therefore the proposed
method can be applied to a wide range of models in both parallel group
and cross-over designs

* The inclusion of interaction terms involving the treatment (e.g., treatment
* centre, treatment * visit) is not allowed

* Based on the estimated model, the assumptions are checked (the
significance levels used should not be considered as mandatory)

A. Absence of significant deviations from parallelism: the p-value of the
interaction product * log(dose) should be 2 0.1

B. Significant dose-response relationship: the p-value of the slope for
log-dose should be < 0.05

C. Absence of a significant difference between products: the p-value of the

product effect should be = 0.05
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The two-step analysis: step 1

* Attention must be paid when considering assumption C (absence of a
significant difference between products)

— Since the model includes the interaction term (i.e., non-parallelism is
allowed), the estimate of the product effect and its significance
depend on the dose level considered

— We suggest to test the product effect

* at the two log(dose) levels corresponding to the doses actually
administered and

» at the mean log(dose) level

— In absence of significant deviations from parallelism, these three tests
are expected to lead to consistent results

* In absence of evidence against the assumptions, we can proceed to step 2
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The two-step analysis: step 2

The same model used in step 1 is estimated excluding the non-significant
term for interaction

The following assumptions may be checked for confirmation

B. Significant dose-response relationship
C. Absence of a significant difference between products

e This assumption can now be verified without taking into
account particular dose levels, since the interaction term is
excluded from the model and parallelism is assumed

Then log relative potency can be estimated as the ratio between
— the estimated product effect a_-a_and
— the estimated slope for log(dose) b R= (aR-aT) /b

The confidence limits can be obtained based on the other results from the
model
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The %RELPOT macro

SRELPOT (data=, response=,
fixed cov=,random cov=,categorical cov=,
alpha=) ;

data: dataset to be analysed. The variables “product” (“T” or “R”) and
“dose” (untransformed dose) are required

subiecll countlyl treatment [BtngctTd;s;I baseline | y |
1 1 3750 T 50! 371 6.47
2 149 2T200 T 200, 6.96 10.01
3 229 2 R50 :R 501 5.8 6.95
4 315 3R200 R 200: 7.37 9.24

fixed cow: variables to be included as fixed effects in the model
random cov: variables to be included as random effects in the model

categorical cov: categorical variables (fixed or random) included in
the model

alpha: 1-ais the confidence level of the interval * VY crosnT
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The %RELPOT macro

 How the parameters involved in the point and interval estimation of the
relative potency are derived in step 27

* ODS table SolutionF from the MIXED procedure

™ YIEWTABLE: Solution for Fixed Effects

Effect |product| country| Estimate szm«d‘ DF | tValue ‘ Pt>ltl‘
1 |Intercept 02086 03493 334 60 0.5508
2 |podut R | agar | [004s60] o0.03ese] 334]| 1 |45 065296
3 product T 0 : : . :
4 |logdose b | 006385 334  6.05 <.0001
5 |baseline T _ 10291 002402 334 4284 <0001
6 country 1 01929 01174 394 -1.64 01012
7 | county 2 008306 01193 334 070 0.4867
8 country 3 0
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The %RELPOT macro

ODS table CovB from the MIXED procedure

™ YIEWTABLE: Covariance Matrix for Fixed Effects

Row| Effect | product| country| Coll Co2 | Col3 | Cod | Cc
1 1 Intercept - L1220 -0.00433 0.02178 -0.0
2 2 product a _ { v }[c003324] | v,, |[-000002] 0.00
3 3 product T _ i 0 0
4 4 logdose _ 002178 000002 | vy 0.0
5 5 baseline _ -0.00227 0.000065 0.00016 0.00
3 6 country 1 -0.00788 -0.00027 0 0000256 -0.0
7 7 county 2 -0.00867 0.000419 0 0.000063 0.00
8 8 country 3 0 0 0 0
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The %RELPOT macro

$RELPOT (data=example,h response=y,
fixed cov=baseline country,random cov=,
categorical cov=country,
alpha=.1) ;

* The output of the MIXED procedure and a summary of the relevant

results are presented for both steps and the estimate of relative potency
is finally printed with its confidence interval
Results x|
-@ Results
+ @ Mixed: Step 1
+ L@ Print: Step 1 - Summary
+) {@ Mixed: Step 2
+ L@ Print: Step 2 - Summary
#{&) Print: Relative potency ‘N7 e
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The %RELPOT macro

Assumption

Parallel ism

Dose-response

Difference between products
Difference between products
Difference between products

Assumption

Dose-response

Difference between products

Step 1 - Summary

Effect logdose
logdose*product

logdose .
product 3.91
product 4.61
product 5.30

Step 2 - Summary

Effect p
logdose <.0001
product 0.6296

Relative potency

.3348
.0001
.3064
.6291
.7332

COONO

Note

Note

Non-significance required
Significance required

Non-significance required
Non=-significance required
Non-significance required

Significance required
Non-significance required

Lower Upper

Relative conf idence conf idence
potency limit limit
0.89573 0.60006 1.31471
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VERY GOOD! NOW LET'S
END TODAY'S LESSON.

Any questions?
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