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B
ioequivalence 

•
The absence of a significant difference in 
the rate and extent to w

hich the active 
ingredient or active m

oiety in 
pharm

aceutical equivalents or 
pharm

aceutical alternatives becom
es 

available at the site of drug action w
hen 

adm
inistrated at the sam

e m
olar dose 

under sim
ilar conditions in an 

appropriately designed study…
” (21 C

FR
 

§320.1) 
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E
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D
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N
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D
evelopm

ent of B
E

 S
tandard for  

H
ighly V

ariable D
rugs 

Firs
S

ec
R

ec
C

riti
FDFDFDFDThir
FDO

ve
N

u

             

4/2004
10/2006

3/2007
5/2007
1/2008
3/2008
9/2008
1/2009
5/2009
4/2010

P
resent

t presentation to the FD
A A

dvisory C
om

m
ittee 

ond presentation to the FD
A A

dvisory C
om

m
ittee 

eived the first A
N

D
A w

hich used the new
 FD

A B
E

 approach  
cal P

ath O
pportunities for G

eneric D
rugs B

E
 of H

V
D

 
A O

G
D

’s first publication on B
E

 of H
V

D
 (P

harm
. R

es.) 
A O

G
D

’s second publication on B
E

 of H
V

D
 (A

A
P

S
 J) 

A O
G

D
’s third publication on B

E
 of H

V
D

 (A
A

P
S

 J.) 
A O

G
D

’s fourth publication on B
E

 of H
V

D
 (G

eneric B
ook) 

d (final) presentation to the FD
A A

dvisory C
om

m
ittee 

A O
G

D
 published guidance on B

E
 of H

V
D

 drug 
r 20 presentations at national and international m

eetings 
m

erous A
N

D
A

s have been approved  
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FD
A

 O
G

D
 S

caled A
verage B

E
 

A
pproach for H

ighly V
ariable D

rugs 
•

Three-period B
E study  

–
P

rovide reference product (R
) tw

ice and test product (T) once 
–

S
equences = TR

R
, R

R
T, R

TR
 

•
W

hen the variability from
 the study C

V
W

R  > 30%
, 

–
B

E criteria scaled to reference variability  
–

B
E Lim

its (upper, low
er) = E

XP
 (± 0.223 σ

W
R / σ

W
O  ),, σ

W
O

 =0.25 
–

[80%
, 125%

] as a point estim
ate constraint  

•
W

hen the variability from
 the study C

V
W

R  < 30%
, 

–
use unscaled average bioequivalence 

•
B

oth A
U

C
 and C

m
ax  should m

eet BE
 acceptance criteria 

•
The m

inim
um

 num
ber of subjects is 24 
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N
arrow

 Therapeutic Index D
rugs H

ave Low
  

W
ithin-Subject Variability  

Sum
m

ary of R
esidual Variability (%

 C
V) from

 A
N

D
A

s review
ed betw

een 
1996-2008 

A
U

C
0-t  

C
m

ax  

D
rugs 

M
ean 

R
ange 

M
ean 

R
ange 

W
arfarin (n=29) 

5.7 
3.3,   11.0 

12.7 
7.7, 20.1 

Levothyroxine (n=9) 
9.3 

3.8,   15.5 
9.6 

5.2, 18.6 

C
arbm

azepine (n=15) 
8.0 

4.4,   19.4 
8.7 

5.2, 17.6 

Lithium
 C

arbonate (n=16) 
7.8 

4.5,   14.0 
13.5 

6.4, 24.4 

D
igoxin (n=5) 

21.7 
13.1, 32.2 

21.0 
14.3, 26.1 

P
henytoin (n=12) 

9.2 
4.1,   18.6 

14.9 
7.4,  20.0 

Theophylline (n=3) 
17.9 

12.8,  24.2 
18.2 

11.8, 25.8 
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Total P
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rugs D
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the U
nited S
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D
H

H
S

 A
ssistant S

ecretary for P
lanning 

and E
valuation Issued G

eneric U
se B

rief 
D

ecem
ber 1, 2010 

•
B

arriers to G
reater S

avings from
 G

eneric 
D

rug U
se  

–
…

lim
it generic substitution by the pharm

acist 
for drugs w

ith a N
arrow

 Therapeutic Index 
(N

TI)…
N

TI drugs include som
e anti-epileptic 

drugs, w
arfarin, and digoxin…

som
e states 

require that generic versions can not be 
substituted for N

TI drugs w
ithout the 

prescriber’s consent.  
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P
atient, P

harm
acist, and 

P
hysician P

erception 

•
O

verall, patient, pharm
acist, and physician 

have a great of concerns on the use of 
generic N

TIs 
–

P
hysicians caring for epileptic patients 

•
606 physicians responded to survey 

•
88%

 concerned about breakthrough seizures w
ith 

form
ulation sw

itch (65%
 had seen this occur) 

•
55%

 prescribed A
ED

 “brand only” 
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C
anada – H

ealth C
anada 

•
U

sual B
E

 A
cceptance C

riteria  
 

 
A

U
C

 – 90%
 C

onfidence Interval (C
I) of T/R

 ratio should 
 

 
fall w

ithin 80.0 – 125.0%
 

  
 

C
m

ax – T/R
 point estim

ate should fall w
ithin 80 – 125%

  
•

R
ecom

m
ended B

E
 A

cceptance C
riteria for G

eneric C
D

 D
rugs 

 
 

B
oth A

U
C

 and C
m

ax – 90%
 C

I of T/R
 ratios should m

eet 
 

 
acceptance criteria 

 
 

A
U

C
 – 90.0 – 112.0%

 
 

 
C

m
ax – 80.0 – 125.0%

 
•

D
rugs considered N

TI 
 

C
yclosporine     D

igoxin      Flecainide         Lithium
 

 
P

henytoin 
       S

irolim
us  Theophylline   W

arfarin 
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E
uropean U

nion – E
M

E
A

  
•

U
sual B

E
 A

cceptance C
riteria 

 
 

B
oth A

U
C

 and C
m

ax – 90%
 C

I of T/R
 

 
ratios should fall w

ithin 80 – 125%
 

•
R

ecom
m

ended B
E A

cceptance C
riteria for 

 
G

eneric N
TI D

rugs 
 

A
U

C
: 90.00-111.11%

 
 

C
m

ax: 90.00-111.11%
 should also be applied for C

m
ax 

w
here C

m
ax is of particular im

portance for safety, 
efficacy or drug level m

onitoring 
•

H
as N

o Listing of N
TI D

rugs 
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Japan – N
IH

S
 

•
U

sual B
E

 A
cceptance C

riteria 
 

 
B

oth A
U

C
 and C

m
ax – 90%

 C
I of T/R

 ratios should fall 
 

w
ithin  80 – 125%

 
•

R
ecom

m
ended B

E
 A

cceptance C
riteria for G

eneric N
TI D

rugs 
 

 
N

o change in acceptance criteria for A
U

C
 and C

m
ax;  

 
 

how
ever, if dissolution profiles of low

er strengths of 
 

m
odified-release N

TI drugs are not “equivalent” (f2 
 

analysis) to  corresponding reference product profiles, 
 

then in vivo studies m
ust be done (no biow

aivers) 
•

List of 26 N
TI D

rugs – includes D
igoxin, Lithium

, P
henytoin, 

 
Tacrolim

us, Theophylline, W
arfarin; adds others such as 

 
C

arbam
azepine, E

thinyl E
stradiol, Q

uinidine  
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2010 FD
A

 A
dvisory C

om
m

ittee for 
P

harm
. S

ci. M
eeting 

•
A

t the conclusion of the A
pril 2010 A

C
P

S 
m

eeting on N
TI drugs, the C

om
m

ittee 
recom

m
ended, 13-0, that the FD

A develop a list 
of N

TI drugs w
ith clear, specialized criteria for 

including drugs on the list. In addition, the 
com

m
ittee voted 11-2 that the current 

bioequivalence standards are not sufficient for 
critical dose or N

TI drugs and it w
as suggested 

that the standards need to be stricter 
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2010 FD
A

 A
dvisory C

om
m

ittee for 
P

harm
. S

ci. M
eeting (continued) 

•
The C

om
m

ittee com
m

ented: 
–

R
eplicate studies are im

portant 
–

The A
gency should look at m

anufacturing data on 
excipients from

 existing form
ularies  

–
The requirem

ents for confidence intervals should 
perhaps be narrow

er (90-111%
) and should include 

100%
 (or 1.0) 

•
The A

C
PS

 C
om

m
ittee recom

m
ended future 

research, including pharm
acodynam

ic (P
D

) 
m

odeling and therapeutic failure causes 
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P
roposed N

TI D
rug D

efinition 
•

N
arrow

 therapeutic index (N
TI) drugs are defined as those drugs w

here 
sm

all differences in dose or blood concentration m
ay lead to dose and 

blood concentration dependent, serious therapeutic failures or adverse 
drug reactions. S

erious events are those w
hich are persistent, 

irreversible, slow
ly reversible, or life-threatening, possibly resulting in 

hospitalization, disability, or even death.  Exam
ple N

TI drugs include 
w

arfarin, levothyroxine, carbam
azepine, digoxin, lithium

 carbonate, 
phenytoin, and theophylline. 
 

•
N

TI drugs generally have the follow
ing characteristics: 

–
S

teep drug dose-response relationship w
ithin the usual dose range or narrow

 
span betw

een effective drug concentrations and concentrations associated 
w

ith serious toxicity 
 –

S
ubject to therapeutic drug m

onitoring based on pharm
acokinetic (P

K
) or 

pharm
acodynam

ic (P
D

) m
easures to ensure safe and effective use of the 

drug, and 
 –

S
m

all w
ithin subject variability. 
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S
im

ulation S
tudies 

•
B

E
 study design 

–
Tw

o, three, and four w
ay crossover study 

designs 
•

B
E

 lim
it 

–
80-125%

 and 90-111%
 

•
B

ioequivalence approach 
–

R
eference scaled average bioequivalence 

–
σ

W
O

 = 0.10 or 0.25 
•

V
ariability com

parison 
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R
ecom

m
ended B

E
 S

tudy  
D

esign for N
TI D

rugs 
•

Four-w
ay crossover, fully replicated design 

 

•
Test product given tw

ice 
 

•
R

eference product given tw
ice 

 

•
This design w

ill provide the ability to 
–

S
cale a criterion to the w

ithin-subject 
variability of the reference product; and 

–
C

om
pare test and reference w

ithin-subject 
variances to confirm

 that they do not differ 
significantly. 
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R
ecom

m
ended B

E
 lim

its for 
G

eneric N
TI D

rugs 
•

B
E lim

its w
ill change as a function of the w

ithin-subject 
variability of the reference product (reference-scaled 
average bioequivalence (“reference-scaled A

BE
”)) 

 

•
If reference variability is ≤10%

, then B
E lim

its are 
reference-scaled and are narrow

er than 90-111.11%
  

 

•
If reference variability is > 10%

, then B
E lim

its are 
reference-scaled and w

ider than 90-111.11%
, but 

are capped at 80-125%
 lim

its  
 

•
This proposal encourages developm

ent of low
-variability 

form
ulations 
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FD
A

’s S
urvey on Q

uality and 
S

tandard 
•

P
roduct design and m

anufacturing 
•

D
rug assay 

•
C

ontent U
niform

ity 
•

D
issolution 

•
S

tability 
•

R
ecall 

•
Field A

lert, M
edW

atch, A
dverse E

vent R
eporting 

S
ystem

 (A
ER

S
), and D

rug Q
uality R

eporting 
S

ystem
 (D

Q
R

S
) 
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M
ajor R

ecall R
ates of S

urveyed 
N

TI C
om

pared w
ith O

verall D
rugs 
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C
ontent U

niform
ity w

ith N
TI drugs  

Scoring of NTI Tablet Products

0 10 20 30 40

scored
unscored

No. of Drug Products

• M
any surveyed N

TI drugs are scored and have low
 dose strength 

 • N
D

A
/A

N
D

A applicants often use the U
S

P content uniform
ity standards as the 

specification lim
its for drug product batch release and did not provide C

U
 and 

dissolution data of split tablets. 
 • N

D
A

/A
N

D
A applicants rarely report detailed content uniform

ity data in their 
annual reports 
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P
roposed potency specifications for 

N
TI products 

•
G

eneric versions of N
TI drug products w

ill 
be expected to m

eet assayed potency 
specifications of 95.0%

 to 105.0%
 

•
This w

ill assure that sw
itching betw

een 
brand-to-generic or generic-to-generic w

ill 
provide com

parable doses 
•

This w
ill also help ensure consistency of 

the dose delivered throughout shelf life 
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2011 FD
A

 A
dvisory C

om
m

ittee for 
P

harm
. S

ci. M
eeting 

•
The FD

A
 A

dvisory C
om

m
ittee for P

harm
. S

ci. 
supports 
–

the FD
A’s draft definition of N

TI drugs (Y
ES

: 11 N
O

: 0 
A

BS
TAIN

: 2) 
–

the tw
o-treatm

ent, four-period, fully replicated 
crossover design (Y

E
S: 12 N

O
: 1 A

BS
TAIN

: 0) 
–

the reference-scaled average bioequivalence 
approach (Y

ES
: 12 N

O
: 0 A

BS
TA

IN
: 1) 

–
tighten the assayed potency standard for N

TI drugs to 
95.0 – 105.0%

 (Y
E

S: 13 N
O

: 0 A
BS

TAIN
: 0) 
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Future D
evelopm

ent 
•

C
onduct variability sim

ulation studies and 
develop an approach for variability 
com

parison 
•

P
ropose an approach for content 

uniform
ity 

•
P

ublish the draft FD
A

’s approach for N
TI 

drugs (w
arfarin etc) at the FD

A
 individual 

product bioequivalence guidance 
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C
onclusion 

•
The FD

A
’s new

 quality and 
bioequivalence standards for N

TI 
drugs w

ill bring the U
S

 into harm
ony 

w
ith other regulatory agencies and 

im
prove public confidence in quality and 

sw
itchability of generic drugs 
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