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When a drug (biological) product is going off patent protection, a pharmaceutical/biotech company usually files a regulatory submission for generic
(biosimilar) approval. For the approval of a generic drug (biosimilar product), the United States Food and Drug Administration (FDA) requires a
bioequivalence study (biosimilar studies) to be conducted for bioequivalence (biosimilarity) assessment, demonstrating that the generic drug (biosimilar
product) is bioequivalent (biosimilar) to the innovative drug product. For bioequivalence (biosimilarity) assessment, a two one-sided tests (TOST)
procedure or a confidence interval (CI) approach is commonly used. However, although TOST is operationally equivalent to the CI approach, TOST is
not generally equivalent to the CI approach. For example, when the study endpoint is a binary response, both the sample size estimation procedure and
the result of bioequivalence test may be different. In this article, a comparison between the method of TOST and the CI approach in terms of true positive
rate and sample size was made theoretically. The confusion matrix is also provided to show that TOST and CI approach may give different result when

the outcome variable is binary.
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Introduction

When a drug or a biological product is going off patent protection, a
pharmaceutical or biotech company usually files a regulatory submission
for generic or biosimilar approval. For the approval a generic drug or a
biosimilar product, the United States Food and Drug Administration
(FDA) requires a bioequivalence study or biosimilar study to be conducted
for bioequivalence or biosimilarity assessment, which can be used to
demonstrate that the generic drug or the biosimilar product is bioequivalent
or biosimilar to the innovative reference product, respectively [1,2]. In
the regulatory evaluation and approval process for generic or biosimilar
product, a two one-sided tests (TOST) procedure or a confidence interval
(CI) approach is commonly used [3]. While testing for bioequivalence
between the test (e.g., a generic drug or a biosimilar product) and the
innovative (reference) product, the following interval hypotheses is usually
considered

H,: Not bioequivalent vs.H,: Bioequivalent. (1)

Under the above interval hypotheses, many researchers misinterpret that
the significance level of TOST is 2a. Thus, it is equivalent to (1-2a)x100%
CIL. However, Chow and Shao [4] showed that TOST for testing hypotheses
(1) is in fact an a-level test. Although Chow and Liu [5] indicated that the

method of TOST at the 5% significance level at each side is operationally
equivalent to the 90% CI approach, TOST is not equivalent to the 90% CI
in general. A typical example is one that when the study endpoint is a binary
response, these two types of procedures are not operationally equivalent. In
practice, TOST and CI approach are often mix-up used in bioequivalence/
biosimilarity assessment under the assumption that TOST and CI approach

are operationally identical.

In bioequivalence and/or biosimilar studies, researchers usually start with
sample size determination based on TOST procedure but end up drawing
conclusion using CI approach. This process is problematic because TOST
and CI approach have different statistical meanings, though sometimes
may give us the same results. As shown in Table 1, TOST and CI approach
are different in terms of hypothesis settings, true positive rate, sample
size estimation, and etc.; and they also share some common features.

The purpose of this article is to study the difference between TOST and the
CI approach in bioequivalence assessment for generic drugs or biosimilarity
assessment for biosimilar products. In the next section, statistical properties
of TOST when the study endpoint is either continuous or binary are examined.



Section 3 provides the statistical properties of the CI approach for continuous
and binary responses. Section 4 compares TOST and the CI approach in terms
of the inconsistencies of true positive rate and required sample size ensuring

a desired true positive rate, when concluding bioequivalence or biosimilarity.
Some concluding remarks are given in the last section of this article.

Table 1. Comparison of two one-sided test and confidence interval approach testing for bioequivalence.
Two one-sided test (TOST) Confidence interval (CI) approach
Difference Hypothesis (H ) L, is greater/smaller than the The CI of -, is included of a
pre-determined lower/upper bound | certain interval.
(test separately).
Standard error Make use of pooled proportion, Without using pooled proportion,
for binary outcome. for binary outcome.
True positive rate Statistical power. The probability of the estimated
CI within a certain interval, given
that the true mean difference is
within that interval.
Sample size calculation Target on statistical power (Chow | Target on validity (Jiroutek et al.,
etal, 2017). 2003).
Similarity TOST and CI approach can be used to test for bioequivalence.
(1-2a)% confidence interval is the same as the a level TOST, if the significance level = test size (Chow and
Shao, 2002).
TOST and CI approach are operationally equivalent for continuous outcome variable (Schuirmann, 1987).

Two One-Sided Tests (TOST)

For simplicity and illustration purpose, the significance level a of two one-
sided tests (TOST) is assumed to be the same as the test size, and the sample
size for the test drug group and reference drug group are assumed to be the
same, denote as . In this section, we illustrate the statistical properties of
TOST when the outcome variable is either continuous or binary, specifically,
the outcome variable is assumed follow normal or Bernoulli distribution.

TOST with Continuous Outcome Variable

Let X],....XT denote samples from the test group, following N(u,,c2); and
let XF,...,

The sample mean of test and reference groups are X, and X ; and the sample

XR denote samples from the reference group, following N(u,,c7).

variance of test and reference groups are S? and S?. Thus, hypotheses shown

in Equation (1) can be written as

Ho:py — pig < 0, 07 iy — pg = Oy v8. Hp: 0, < pur — pp < 6y, @)

where 0, and 0, are the lower and upper bound of equivalence test. To test
for bioequivalence between the test and reference drugs, the hypotheses of
TOST can be written as [6]

Hoy: iy — g < 0, vs.Hyy: iy — pig > 6y, 3)

and

Hoai iy — g = Oy vSs. Hyp: iy — pg < 8. 4)

Since hypotheses testing shown Equation (3) and (4) are typical one-sided
test, typical two-sample t test can be used. Assuming the variance of the test
and reference group are equal, then the t test statistics for hypothesis tests
in Equation (3) and (4) are

Xr—Xg) — 6, Xr—Xg) — 6,
T, = wﬂ:(z(n -1)andT, = w~t(2(n -1), )
sp/2/n spy2/n
and
2 _ (n—l)s—,z+(n—1)s,z? _ s—,Z~+s§
Sp = 2(n—1) N

Then we may compare 7, and T, with the critical value of t distribution to
determine whether we should reject null hypothesis shown in Equation (3)
and (4). We only reject null hypothesis shown in Equation (2), i.e., accept
that the test and reference drug are bioequivalence if and only if

Ty >t o(2(n— 1)) and T, < t,(2(n — 1)). 6)

Let p be the power of the TOST, which can be written as

p =PIy >t gand T, <ty lur — pug = 6,)
- P((XT ) R TR 0. ) el TR PP 90>
sp\/Z/n sy 2/n
=P (% - >:1 axsp‘/Z/n+9LandXT Ro < ta X sp2/n+ 8|y =z = 6,)
6, — 6, Xr—Xp— 6, 6y — 6,
=p(2= >tq+ and <o+
< Sp Z/n e spy2/n spy/2/n “ spy2/n
L0 X — Xz — 6, L0
=p t L 0 T R 0 <t 0
SP‘IZ/n sy 2/m sp\/ n
-6, X —Xz—6 6y — 6,
=p 0 T R 0 < _tl,‘z + U 0
SP‘/Z/n Sp Z/n Sp/2/n
b8 _, b6 @)
spWIZ/n 1oe sp\/Z/n e )
. . [ A .
where 6 is the true difference between x, and z, =eT distribution with

degree of freedom as 2(n-1), 1, represents the ¢ percentile of t distribution,
and 7, () is the CDF of't distribution with degree of freedom 2(n-1).

TOST with Binary Outcome Variable

When the outcome variable is binary, assume the test group follows
Bern(p,) and the reference group follows Bern(p,). The hypotheses for
TOST can be written as

Hoy:pr —pr < 0, vs.Hyy:pr — pr > 6, (8
and
Hoz:pr — Pr = Oy vs. Hyp:pr — pr < Oy- 9



Under null hypothesis, assuming p, - p,follows approximately normal
distribution with mean 0 and variance 2 p* (1- p* ), where

« _ nPrinpr _ PrHiR
p 2n 2

Under null hypothesis shown in Equations (8) and (9), typical Z test statistic,

using pooled proportion is:

e 6y
=
2. .
J;p a-p)

pr — br — 0,
N(0,1) and z, = PL—PR =0

~N(0,1). (10)
2P (1=p)

=P(Z > z1qand Z, < zg |pr = pr = 6,)

The power of TOST with binary outcome variable is
=p ";‘ﬁﬂ‘sh > 7, qgand ﬁ;‘ﬁﬂ‘sv < zalpr e =00
J;p‘(l—lr‘) 2P —p)
- P(ﬁ.- P> 0+ Z1q | 2p" (L~ p?) and Py — e < By + 24 | 2p*(1 —p~)|p, —pr= eu)

br—Pr =60

Fra-m J%p*(l—puﬂka)

6, — 6
+ 7y < v_0

ooz
P(J%p-u—m
e e

where @ (-) is the CDF of N(0,1), and z, is the ¢ percentile of N (0,1).

=0 an

Confidence Interval (CI) Approach

In addition to the two one-sided tests (TOST), another typical approach of
bioequivalence test is the confidence interval (CI) approach. Assume 0 is the
statistic of interest, and its confidence interval is C. Let 6, and 6, denote the
0,=Q-(¢,,
0,), then we may conclude bioequivalence [4]. In addition, we should be

lower and upper bound of bioequivalence. If ¢ ne, =@ where

aware that CI approach is not a hypothesis testing approach, i.e., its sample
size estimation approach is different from the one of TOST, and CI approach
does not have statistical power, but true positive rate. The true positive rate
of CI approach can be derived as

p = P(C N O, = @|true mean difference is 6, € (6,,6y)). (12)

CI Approach with Continuous Outcome Variable

Let X7 and X¥ (i=1,...,n) denote the samples from test and reference group,
Xr—Xpr—(uT—HR)
spy2/n
t distribution. The (1-2a)% confidence interval for u, - 1, can be written as

following N(ur,of) and N(ug, 0f) Random variable follows

(X7 = Xp) £ ti_aspy/2/n. (13)
The true positive rate of CI approach can be computed as

p=P(CNO,=0|true d € (6,,6,))

=p (()?T — X0+ tigsy2/n < By and Ry — Xe) = ty_as,n/ 270> 0,

HUr — Hg = 90)

=P (X'r —Xp < Oy — ti_gSpy/2/n and Xp — Xp > 0, + t;_45py/2/n |;l-r —up = 00)

—p 0, — 6 XT*XR*90<911*90 P
Spy2/n Spy2/n Spy/2/n e
91] - 90 BL - 90
=F, —ty |- F, Ftig) (14)

CI Approach with Binary Outcome Variable

+tg <

When the outcome variable is binary, the (1-2a)% confidence interval for

PP, can be written as [7].

(15)

And the corresponding true positive for CI approach with binary outcome

variable is

p=P(CN@O,=d|true 6 € (6,,6,))

NN Pr(1 — Pr)
=P(r—Pr+ %« m 4R - R <oy,

pr(1=pr) | Pr(1—Pr)
n n

and pr —Pp — Z1-a > O.lpr —pr = 60)

pr(1—pr)  pe(l—p pr(1—pr)  pr(l—p
:P<5L+ZH B—p) OBy g, RO B m))
6, -6,

N R Br=Pu= 0y
[brG =) | P = o)
Nn n

[prO=5p , P =po
N n n

214 <

6y — 6, B ZH\
=50, 2G5 )
/7& —% \ (16)

)
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Comparison between TOST and CI Approach

<

In this section, we aim to compare the performance of TOST and CI
approach in testing bioequivalence, in terms of true positive rate and sample
size. Specifically, when the same sample size is fixed, the true positive rates
for two approaches are compared; when the true positive rate is fixed, the
sample size required for two approaches are compared. Additionally, the
probabilities of consistence and inconsistence for TOST and CI approach
are also computed. When the outcome variable is continuous, from Equation
(7) and (14), we know that the true positive rates for bioequivalent best for
TOST and CI approach are the same. Thus, in this section, we mainly focus
on situation with binary outcome variable.

Fixed Sample Size Comparison

‘When the outcome variable is binary, the process of derive true positive rate
is different in TOST and CI approach. Specifically, as shown in Equation
(11) and (16), TOST uses pool proportion to compute the standard error
of proportion difference, whereas CI approach does not. Using these two
equations, the true positive rate difference of TOST and CI approach can be

computed as

6y — 6,

;9 + z],,,,\l e de————y z,,n\
\m )\ beC—p0)  BsC—5) )

0,0
+¢(%+zm>
n n

Oy — 6o

6y — 6o 6.~ 6o 0.6

ol ) o(B s ) e (S, o (A, )
serosr ¢ serosr | © serosr —Bse " serosr— B "
Bu-bo _

2 160, b __, e —
- f SerosT Ly dx = fSSTDsT " ) dx — fSETusT’Aw 0 d + J’WTOST’A;g 00 dx

ou=by_, oy-0y _,,
Serost ‘1~ Serost—Bse
= ¢(x)dx —
61-6y 61—y

Serost serosT—Bse

o, an

where ¢ (x) is the PDF of standard normal distribution,

_ [2p(-p)
Serost = [T



and A_ represent the difference of the standard error of p - p, between

TOST and CI approach, i.e., se,=se,,. - A_. A  can be computed as

TOST

bt Pe s PrtPe (s 4o (2= CrtPr)
21—y _2PrgBra PPy 650 () s G ka0
n - n - n - 2n ’

pr(1 —pr) +ﬁn(1 —Pr) _ Pr— Bt +Pr— Pk _ (Br +Pr) — (BF + PR)
n n n n
_ Grt P = (r + P+ 21 _ (r + D) (1= GBr +P)) + 261
n n
_20r +P)(1 = (r + 1)) 4 ZPrPr
2n n’

se

_2p(1-p) _ pr(1—pr) + Pr(1 — Pr)
B n n n
_ Br+9p)2 = (Br +Pr)) _ 2(r +Pr)( — (br +Pr)) _ 2PrPr

2n 2n n
_ (pr +9r)(2 — (r + Pr)) _(Pr+oR)2— 2(pr + Pr)) _ 2prpe
- 2n 2n n
_ (Br +Pr)(2 = (Br +Pr) — 2+ 2(Br + Pr)) _ 2PrPr
n

2n
_ (Br + Pr) (Br + Pr) — 4PrPr _ (Br —Pr)?
2n 2n

(18)

Using Taylor expansion, the CDF of N (0,1) can be written as

(GO

u
1 1

_ aner y L
M ’,ﬁz,,;nzzn(zmn" *2 a9

If we only keep the first term of Taylor expansion in Equation (19), then
D(x,) - O(x,) can be simplified as

AN VLR S C VL
d’("‘)_d’("”:\/E<Zrnz"(2n+1)"12 1_Zn!2"(2n+l)X% l)

i=0 i=0
.
1 —n" 1
== L D T A = =l ). @0)
i=0

Then Equation (17) can be simplified as

A zL(BU—GU_Z _BL—BO_Z )_L( Oy — 8, - 6, — 6, s )
P V2w \serosr T C Serosr 1 © Zn\serosr —Bse 1 Seposr — B ¢

=L(9U7‘9L_ Oy —6, )=9u*9L( 1 _ 1 ) @1
V2m \ Serosr  Serost — Bse Var \serosr  Serosr = Bse/”

From Equation (18), we have

(Br — Pr)?

Ase = m

>0. (22)
Thus, APS 0, i.e., the true positive rate of TOST is smaller or equal to the
true positive rate of CI approach, when the sample size is the same.

Fixed True Positive Rate Comparison

When the desired true positive rate for TOST and CI approach are the same,
let n, denote the sample size required for TOST, and 7, denote the sample
size required for CI approach. Since the target population is the same, we
assume the estimated proportion of test and reference group are the same,
i.e., p,=p,.Again, using Taylor expansion, the true positive rate of TOST

and CI approach are
6, -6 6,-6
pposT = @ T SR — 2,
G ) A )
1 < 6, — 6, 6, — 6,
o Z1-a Z1-a
2w\ |2 . . 2 (1= p
P - P a-p)
1 6, -6
=—=|——="22 @3
2m 2 ., .
P —=p9)
1

Oy — 6o 6.~ 6,

pr (=) Pall—P) pr(L=Pp) _, Pall—Pe)
Jp, b) , Bl = \/p, ), L=ty
1 0y — 6,
O e —— 24
m( P50, bl 50 ) @
N o

When the true positive rates are the same, we have

)

1 6, 5 1 6, )
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© np(br +Pr)(2 — Pr —Pr) = 2ma[pr(1 — Pr) + Pr(1 - Pr)]

oMz _ 20Pr( = pr) +Pr( = Pr)] _ 2[Pr +Pr — PF = Pk — 2PrPr + 2PrPr] _ 20Pr + Pr = (Pr + Pr)’ + 21x]
n @r +Pr)(2 — Pr — Pr) (Pr +Pr)(2 = Pr —Pr) (Pr +Pr)(2 = Pr —Pr)
_ 20 +PR)A — (Br + Pr)) 4PrPr
Br+P0)Q2—Pr—pr)  (Br +PR)Q2—Pr —Pr)
o a 4prp,
2= 205 +Pp) + 5 HEE
Pr PK. (25)
2 - (pr+pr)

D1,
Prer

Next, we compare . + Py and

Aprde _ (Pr +Pp)? — 4brbr _ Br —P)”

pr -+ P — Lk Prl_— T PRl s, (26)
R e Br+br Pr+br

suggesting pr + Pp = 3B1PR, 1 other words,

= br+br

NN 4prD L RN RN
2= 2(pr + ) + 5= < 2= 2(Pr + Pr) + Pr + Pr = 2= (br + Pr)
Br +Pr
I 4prPr
2= 2(y + pr) + A LIEE
(Br + pr) Br+pa_,

4 Y ry =
2= (pr +Pr)

o< @7)

Therefore, when the desired true positive rates are the same, for binary
outcome variable, the sample size for CI approach is smaller or equal to the
one for TOST approach.

Confusion Point

Let assume the sample size for TOST and CI approach is the same, i.e.,
conduct TOST and CI approach to test for bioequivalence using the same
data set. Assume the true proportion difference is p, and the variance is
Po(1 —po) Thus,

n

The conditional probability of TOST claiming bioequivalent, given CI

approach claiming bioequivalent is
P(TOST bioequivalent |CI bioequivalent) = P(Zy > z;,_, and Z, < z,|C € (6,,6y))

2 .
=P, + 210 ;P"(l_l") <Pr—br

(-2 2.(1—3
Pr(—pr) | Prl pR)q}T_A
n n

2
<6y ‘*‘Za\jzp‘(l -p)Io, +Z1—a\j

P
<Oy —71s ¥+¥) 8)



When the test and reference drug are equivalent, the lower and upper bound
of p,-p, in TOST are

2 2
LBrosr =0, + 21 ip'(l —p7) and UBrosr = 8y — 21 ;P'(l -p"). (29)

When the test and reference drug are equivalent, the lower and upper bound
of p,- P, in CI approach are

pr(1—pr)  pr(1—p pr(1—pr)  pr(1—p
LBoy =6, + 7o br( - PT)+PR( - br) and UBg; = 6y — 214 br( - PT)+PR( - PR)' 30)

Thus,

From Equation (22), we know \I;p"(l -z \IMJrM

n

LB,,, > LB, and UB,,, <UB, an

TOST —

The relationship between the lower and upper bound of TOST and CI
approach are shown in Figure 1.

LBg UBrosr UBg;

LBrosr
Figure 1. Relationship among boundaries of TOST and CI approaches.

Then the conditional probability shown in Equation (27) can be written as

P(TOST bioequivalent |CI bioequivalent) = P (Z1 >z qand Z, < Zn\cs(e,_,eu)))

= P(LBrosr < I?T - F?R < UBrosr|LBe; < pr — Pr < UBcy)
_ P(LBrosr < pr — Pr < UBrosr)
P(LB¢; < pr —Pr < UBcr)
p LBrosr —po _ Pr—Pr —Po UBTDST —Po
Po(l — Do) Po(l — o) Po(l o 20)
n

LB¢ —po <ﬁT‘ﬁR_po< UB¢ —po
Ipu(l —Po) ng(l —Po) ]pn(l —Po)
N n N n \ n

@ UBrosr —Po | _ @ LBTDST — Po UBrosr —Po _ LBrosr —Po
Po(1 = po) \JPO(l —Po) pu(l —Po) Pn(l —Po)
n
B UBCI Po_ _ LBc: Po
) UBei —po_ | _ LBe — po Po(1—po) Po(1—po)
\/Po(l —Po) ng(l —Po) n N n
n N n
_ UBrosr — LBrosr (32)
UBg — LBy

The conditional probability of TOST claiming not bioequivalent, given CI

approach claiming bioequivalent is

P(TOST not bioequivalent |CI bioequivalent) = P(Zy < z,_q or Z; > 2,|C € (6,,8,))

=P(pr —pr < LB:I‘OST or pr —pPr > UBTOSTJLBCIA< Pr —Pr < UBcr)
_ P(LBg; < pr — Ppr < LBrosr or UBrost < pr — Pr < UB¢)
_ PUBe <pr—pr<UBc)
_ P(LBey < Pr — pr < LBrosr) + P(UBrosr < Pr — Pr < UBc:)
P(LB¢y < pr —Pr < UBcp)
_LBe — o P —Pr—Po < LBrosr — Po +P UBrosr — Po < br—Pr— Po _UBg; —Po_
Po(l Po) Po(1 —po) \JPo(l —Po) Po(l Po) Po(1— Po) Pc(l —Po)
n n n

LB¢; — po <ﬁT*f’R*Pu< UB¢ = o
[ =po) JPo(l —p0)  [po(1=po)
N n n N n

[ LBTDST _ ISO —d LBCI _ ﬁﬂ + [ UBCI _ UBTUST _ ﬁﬂ
P~ po) [po(t = o) [pot = po) P~ po)
__ W _n N n N n N n
UB¢ —po _ LB¢y —
[peC1 = po) oot = po)
N on N n
1 | LBrost =Po _ _LB¢r = Po + 1 [ _UBg—po _ UBrost — Po
2\ [po(-p) [p=-pd| Y27\ [pe(=p)) [po(l—po)
- N _n N on N n N n
1 | _UBg—py _ LB —po
Var l=po)  [poCi=po)
LBmsr —LBg + UBEI — UBrosr .33)

UB¢y — LBgy

The conditional probability of TOST claiming bioequivalent, given CI

approach claiming not bioequivalent is

P(TOST bioequivalent |CI not bioequivalent)
=P(Zy > 2z and Z, < 2,|C & (6,,6,))

= P(LBrosr < Pr — Pr < UBrosr|pr — Pr < LBc; or pr — Pr > UB¢) = 0. 3B

The conditional probability of TOST claiming not bioequivalent, given CI
approach claiming not bioequivalent is

P(TOST not bioequivalent |CI not bioequivalent)
=P(Zy <zy_q 01 Z; > 2,|C & (6,,0,))

= P(pr — Pr < LBrosr or pr —Pr > UBrosr|pr — Pr < LBc; or pr — Pr > UBcy)
_ P(pr — pr < LBg; or pr — pr > UB¢) -1 35)
P(pr —Pr < LBcy or pr —Pr > UBey)

Therefore, from Equation (32) to (35), the confusion matrix of TOST
result conditional on CI approach result is shown in Table 2.

Table 2. Confusion matrix of TOST result conditional on CI approach.

Conditional on CI approach
TOST Bioequivalence Not bioequivalence
. . UBrosr — LBrosr
B lent _—
ioequivalen: UBg, — LBy, 0
. . LBrosr — LB¢y + UB¢y — UBrogr
Not bioequivalent UBg, — LBy 1

Similarly, we may also derive the confusion matrix of CI approach
conditional on TOST approach. The conditional probability of CI approach
claiming bioequivalent conditional on TOST claiming bioequivalent is

P(CI bioequivalent|TOST bioequivalent) = P(C € (6,,0y)|Zy > z,_q and Z, < z,)

= P(LB¢; < Ppr — Pr < UBgi|LBrosr < Pr — Pr < UBrosr)

_ P(LBrosr < pr — Pr < UBrosr) _ 36)
P(LBrosr <Pr —Pr < UBrosr)

The conditional probability of CI approach claiming not bioequivalent

conditional on TOST claiming bioequivalent is

P(CI not bioequivalent|TOST bioequivalent) = P(C & (6,,0y)|Z1 > z,_q and Z, < z,)
= P(pr — Pr < LBc; or Pr — Pr > UB¢y|LBrosr < Pr — P < UBrosr) =0.  (37)

The conditional probability of CI approach claiming bioequivalent

conditional on TOST claiming not bioequivalent is

P(CI bioequivalent|TOST not bioequivalent) = P(C € (8,,0,)|Zy < zy_q 01 Z5 > z,)
= P(LBe; < pr = Pr < UBgilpr — Pr < LBrosy or Pr —Pr > UBrosr)
_ PUBc; < pr —Pr < LBrosr or UBrosr < pr — Pr < UBcr)
P(I?T - I?R < LBrogsr or pr—pr > Ut?'rasrz
_ PUBe; < pr —Pr < LBrosr) + P(UBrosr < pr — pr < UBc:)
P(pr — Pr < LBrosr) + 1= P(pr — pr < UBrosr)

+P UBTDST_ﬁ0<ﬁT_ﬁR_ﬁU < UB¢i —Po )

LBy =Py <PT P0<L5mn o

pn(lfpn pu(lfna Po(l 20) \Jpa(l*zzn Po(1 —po) \lpo(lfpn)
- n n n
/PT Pr— Do < LBrosr — Po\ / —Pr—Po < UBrost — bo
\ Po(1—po) Po(l_Po} \ (1—770 Po(l_Pu}
Non N n



> LBTUST 71’70 —d LBL‘liﬁﬂ +d UBCliijﬂ —d UBTUﬂ7ﬁ0
po(1 = 1) [poCt = o) [poCt =1y po(1 = po)
A n N n N n \ n

[ LBTDST — ﬁD +1-@ UBTUST — ﬁﬂ
Po(l; Po) pn(lnf Po)
1 (LBrosr —Po LBy —Po 1 [ UBe—pPo _ UBrosr —po
Var ro(l=po) 170(1*130) "V o1 po) po(lfno)

1 [ LBrosr —Po _ UBrosr —Po

V2 = =
. (Apn(ln Po) Apc(ln Po)
Cl

Vpc(lfpo) P0(1* pn(lfpo \JPG(I*PD
_ n n

LE:os: Po UBIOSI Pu+r
Po1-po)  [po(1—po)
n n

_ LBrosy = o = (LBey = Po) + UBey = Po = (UBross = o)

N N 1-
Whrosr = o) = UBpogy — o) + V27 [PA0=P0)
_ LBrosr — LBy + UB¢y — UBrosr

2mpo(1 —
LBrosr — UBosr + | Z200=10)

38)

The conditional probability of CI approach claiming not bioequivalent
conditional on TOST claiming not bioequivalent is

P(CI not bioequivalent|TOST not bioequivalent)
=P(C & (01,00)1Z1 < z1-q 07 Z; > 24)

=P(pr n Pr < LB or Pr N Pr > UB¢ilpr — Pr < LBrosr or Pr — Pr > UBrosr)
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Therefore, from Equation (36) to (39), the confusion matrix of CI approach

result conditional on TOST approach result is shown in Table 3.

Table 3. Confusion matrix of TOST result conditional on CI approach.

Conditional on TOST approach

CI approach Bioequivalence Not bioequivalence

LBrosr — LB¢j + UBg — UBrogsr

Bioequivalent 1 2mpo (1 —
LBrosr — UBrosr + \/7%(" Po)
2mpo (1 —
LBrosr — UBrosr + M
Not bioequivalent 0

LBg, — UBg, +\/2”Po(i* Po)

Concluding Remarks

In assessing the bioequivalence of a generic drug or a biosimilar product
to the innovative drug product, two one-sided tests (TOST) or confidence
interval (CI) approach are the most commonly used approaches in
bioequivalent tests. However, TOST and CI approach are often mixed-up
by researchers. Though Chow and Shao [4] have proved the operationally
equivalence between TOST and CI approach, this results only hold under
special circumstances. In other words, this is not a general conclusion. When

the outcome variable is continuous, 5% level TOST is equivalent to 90% CI
approach; when the outcome variables is binary, this conclusion is invalid.
In this paper, we compared the difference between TOST and CI approach
and illustrated their difference in true positive rate and sample size. The
confusion matrices of these two approaches for binary outcomes were also
shown in Table 2 and 3. When CI approach concludes “bioequivalence”,
TOST may give a different conclusion; when CI approach concludes
“not bioequivalence”, TOST tends to always give “not bioequivalence”.
When TOST concludes “bioequivalence”, CI approach tends to always
give “bioequivalence”; when TOST concludes “not bioequivalence”, CI
approach may give different conclusions. Thus, we have shown that, when
outcome variable is binary, TOST and CI approach do not always give the
same conclusion about bioequivalence. Due to the fundamental difference
between TOST and CI approach, to avoid making mistake, we strongly

recommend researchers not mix up the results of these two approaches.
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