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Biopharmaceutics Aspects o f  t h e  Regulatory Review 
o f  Ora l  Controlled-Release Drug Products 

Henry J. Malinowski, Ph.D. 

On behal f  o f  t h e  Food and Drug Administrat ion,  I wish t o  thank 

the  Graduate Facu l ty  o f  Rutgers U n i v e r s i t y  f o r  p r o v i d i n g  t h i s  

forum t o  discuss the  Biopharmaceutics Aspects of the  

Regulatory Review o f  O r a l  Controlled-Release (CR) products.  

My goa l  today i s  t o  cover the  requirements, as f a r  as 

b i o a v a i l a b i l i t y  t e s t i n g ,  of t h e  D i v i s i o n  of Biopharmaceutics 

o f  the  FDA. These requirements have two aspects, NDA 

approval, and therapeut ic  equivalence. I w i l l  be cover ing t h e  

d i f ferences i n  these requirements. 

B i o a v a i l a b i l i t y  Regulat ions as they appear i n  the  Code o f  

Federal  Regulat ions, d iscuss the  FDA i n t e r p r e t a t i o n  o f  these 

We' l l  take a look  a t  t h e  

Regulat ions and s p e c i f i c  c r i t e r i a  used i n  t h e  review o f  

b i o a v a i l a b i l i t y  s tud ies  t h a t  are submitted as p a r t  o f  an NDA. 

To i l l u s t r a t e  these c r i t e r i a  w e ' l l  go over 2 example drugs, 

papaverine and qu in id ine  gluconate. 

O r a l  c o n t r o l l e d  re lease drug products have been marketed f o r  

a t  l e a s t  the l a s t  30 years (Table 1). The D i v i s i o n  o f  
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1256 

TABLE 1 

ORAL CONTROLLED - RELEASE 
DRUG PRODUCTS 

MALINOWSKI 

1952 "SPANSULE" MARKETED 

1970 FDA REVIEW OF BIOAVAILABILITY 

1977 BIOAVAILABILITY/BIOEQUIVALENCE REGULATIONS 

Biopharmaceutics of  the FDA, and e a r l i e r  the Division of 

Clinical Reseach has reviewed submissions involving such drug 

products only over the l a s t  10 years. 

applicable Bioavailability Regulations have only been i n  

effect  f o r  5 years. From t h i s  information, we can conclude 

three points. F i r s t ,  not a l l  marketed ora l  controlled-release 

drug products have undergone bioavailability tes t ing e i ther  

because bioavailability testing was not possible due t o  lack 

of analytical methods o r ,  bioavailability tes t ing was not 

required since t h e  relevant regulations were not i n  effect  a t  

the time of NDA approval. 

Regulatory Requirements for bioavailability testing o f  oral  CR 

drug products are a t  an evolutionary stage since they have 

only been recently implemented. 

I would l ike  t o  discuss today. A t h i r d  conclusion we would 

reach i s  that  CR drug products are here t o  stay and i n  fact  

w i l l  become increasingly seen as  greater numbers of such 

products are marketed both a s  oral  dosage forms such as 

I n  addition, the 

A second conclusion is  tha t  the 

I t  is these requirements t h a t  
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BIOPHARMACEUTICS ASPECTS 1257 

tablets, capsules and suspensions and the somewhat more exotic 

dosage forms such as implants, transdermal patches and 

inserts. Recent approvals include CR forms of indomethacin, 

disopyramide, diazepam, and nitroglycerin. 

My remarks today are primarily targeted a t  oral CR drug 

products, both prescription and over-the-counter, b u t  are 

generally applicable, w i t h  some exceptions, t o  other types o f  

CR products. 

An i n i t i a l  question t o  be answered is  ''why is there a need for 

CR drug products?" (Table 2) We're a l l  familiar w i t h  the 

of ten cited advantages o f  CR products - less toxicity 
including both systemic and local G I  disturbances, less drug 

administration, controlled rate and site o f  release, more 

uniform blood levels and improved patient compliance. 

vast majority o f  currently marketed CR products primarily 

relate t o  the l a s t  point, less frequent dosing and better 

patient compliance and, a s  such, provide a valuable addition 

t o  a drug 's  usefulness. 

The 

However, I t h i n k  we've still got a way t o  go before a l l  the 

theoretical advantages of CR drug products are realized. 

CR products also may have disadvantages (Table 3 ) .  

have some evidence that certain CR beadlet capsules may be 

First, we 
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1258 MALINOWSKI 

TABLE 2 

POTENTIAL ADVANTAGES OF CONTROLLED RELEASE PRODUCTS 

1. DECREASED TOXICITY (SYSTEMIC AND LOCAL) 

2. BETTER DRUG UTILIZATION 

3. CONTROLLED RATE AND SITE OF RELEASE 

4. MORE UNIFORM BLOOD CONCENTRATIONS 

5. IMPROVED PATIENT COMPLIANCE (LESS FREQUENT DOSING) 

Table 3 

POTENTIAL DISADVANTAGES OF CONTROLLED RELEASE PRODUCTS 

1. INCREASED VARIABILITY AMONG DOSAGE UNITS 

2. STABILITY CONCERNS 

3. TOXICITY 

4. INCREASED COST 

5. MORE RAPID DEVELOPMENT OF TOLERANCE 

6 .  NEED FOR ADDITIONAL PATIENT EDUCATON 

subject t o  extreme content v a r i a b i l i t y  problems. Also, 

dosage-unit t o  dosage-unit release pat terns may be more 

variable than corresponding immediate release products. 

Second, the complexity of CR formulations may lead t o  

s t a b i l i t y  problems resu l t i ng  i n  e i the r  faster  or slower 

release than anticipated. 

product dose dumps or i s  misused. 

Third, t o x i c i t y  may r e s u l t  i f  the  

We have evidence of 
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BIOPHARMACEUTICS ASPECTS 1259 

pat ients crushing non-disintegrating matrix-type CR tab le ts  

when the apparently drug-free tab le t  remains appeared i n  the 

stools. 

t h e i r  immediate release counterparts. F i f t h ,  the uniform 

blood concentrations o f  CR products may r e s u l t  i n  more rap id 

development o f  tolerance. F ina l ly ,  pat ients may need 

substantial ly addi t ional  information as t o  the proper use o f  

CR products eg llDon't crush or  chew the dosage u n i t .  

remains may appear i n  the 

must be f i r s t  started on an immediate release product then 

switched t o  the CR product. 

Fourth, CR products are generally more expensive than 

Tablet 

Patients i n  some instances 

With t h i s  background information i n  mind, I would l i k e  t o  

proceed t o  the current Div is ion o f  Biopharmaceutics 

requirements for o r a l  CR drug products (Table 4). 

Since most current o r a l  CR products and NDA submissions for 

such products involve drug products which are administered 

less frequently (usually 1/2 as frequently) than an 

already-approved immediate-release counterpart, the Regulatory 

Requirements for Bioava i l ab i l i t y  Testing are somewhat 

standardized and I ' d  l i k e  t o  discuss these n o w .  

The F.D.A b i o a v a i l a b i l i t y  regulat ions c a l l  fo r  f i rms t o  

provide the fol lowing information for t h e i r  control led release 

product. 
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1260 

TABLE 4 

MALINOWSKI 

REQUIREMENTS OF FDA 

BIOAVAILABILITY REGULATIONS 

1. THE DRUG PRODUCT MEETS THE CONTROLLED RELEASE CLAIMS 
MADE FOR I T .  

2. THE BIOAVAILABILITY PROFILE ESTABLISHED FOR THE DRUG 
PRODUCT RULES OUT THE OCCURRENCE I F  DOSE DUMPING. 

3 .  THE DRUG PRODUCT'S STEADY - STATE PERFORMANCE IS 
EQUIVALENT TO CURRENTLY MARKETED, NON-CONTROLLED RELEASE OR 
CONTROLLED RELEASE DRUG PRODUCT SUBJECT TO AN APPROVED FULL NDA. 

4. THE DRUG PRODUCT'S FORMULATION PROVIDES CONSISTENT 
PHARMACOKINETIC PERFORMANCE BETWEEN INDIVIDUAL DOSAGE UNITS. 

(i) The drug product meets t h e  c o n t r o l l e d  release 

claims made f o r  it. 

(ii) 

drug product  rules o u t  the occurrence of  dose dumping. 

The b i o a v a i l a b i l i t y  p r o f i l e  established f o r  the 

iii) The drug p roduc t ' s  steady-state performance i s  

equ iva len t  t o  c u r r e n t l y  marketed, noncontrol led 

release or c o n t r o l l e d  release drug product  s u b j e c t  t o  

an approved f u l l  NDA. 

( i v )  The drug p roduc t ' s  formulat ion p rov ides  

c o n s i s t e n t  pharmacokinetic performance between 

i n d i v i d u a l  dosage u n i t s .  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BIOPHARMACEUTICS ASPECTS 1261 

TABLE 5 

REFERENCE MATERIAL 

1. SOLUTION OR SUSPENSION 

2. NON-CONTROLLED RELEASE APPROVED PRODUCT 

3. CONTROLLED RELEASE APPROVED PRODUCT 

The reference mater ia l  (Table 5) f o r  such studies should 

usual ly  be: 

(i) e i t h e r  a so lu t i on  or  suspension of  the ac t i ve  

drug ingredient  or therapeut ic moiety, 

(ii) a cur ren t l y  marketed approved noncontrol led 

release drug product containing the same ac t ive  drug 

ingredient  or  therapeut ic moiety, o r  

(iii) a cur ren t ly  marketed approved cont ro l led  

release drug product subject  t o  an approved f u l l  new 

drug app l ica t ion  containing the same ac t i ve  drug 

ingredient  or therapeut ic moiety. 

I t  is the p o s i t i o n  o f  the  FDA t h a t  these requirements are 

appl icable t o  essent ia l l y  a l l  CR p resc r ip t i on  and 

over-the-counter drug products inc lud ing  CR products 

containing pre-1938 ac t i ve  ingredients  (these are general ly 
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1262 MALINOWSKI 

considered, by the FDA, t o  be new drugs requ i r i ng  NDA 

approval), DESI drugs, and post-1962 drugs. 

The b io log i ca l  performance o f  a CR formulat ion i s  def ined i n  

terms o f  the r a t e  a t  which a dosage form releases ac t ive  drug 

and the b i o a v a i l a b i l i t y  o f  the dosage form r e l a t i v e  t o  an 

appropriate standard. 

necessarily t o  prove tha t  the cont ro l led  drug release dosage 

form i s  equivalent t o  a standard dosage form, but ra ther  t o  

es tab l i sh  the b i o a v a i l a b i l i t y  and con t ro l l ed  nature o f  the 

drug release dosage form r e l a t i v e  t o  an appropriate standard 

i n  accordance t o  gu ide l ines published i n  the January 7, 1977, 

FEDERAL REGISTER. 

The purpose o f  t h i s  requirement i s  not  

I l l u s t r a t e d  i n  Table 6 are some c r i t e r i a  o f  performance tha t  

should be a p rerequ is i te  f o r  a l l  con t ro l led  release dosage 

forms. 

To demonstrate the performance of a con t ro l l ed  release 

formulat ion or  drug de l i very  system, the f i r m  needs t o  

submit both i n  v i t r o  and i n  v ivo data: 

A)  I n  v i t r o  drug release data 

These data should be drug release r a t e  p r o f i l e s  generated 

i n  a well-designed reproducible -- i n  v i t r o  t e s t i n g  method, 
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B I O P W C E U T I C S  ASPECTS 1263 

Table 6 

C r i t e r i a  o f  Performance o f  Cont ro l led  

Release Dosage Forms 

Demonstration o f  the  Cont ro l led  Release Nature 

1. I n  v i t r o  da ta  (e.g., D i s s o l u t i o n  Rate, D i f f u s i b i l i t y )  

2. -- I n  v i v o  b i o a v a i l a b i l i t y  data 

a. 

b. 

C.  

d. 

Pharmacokinetic data 

B i o a v a i l a b i l i t y  Comparable t o  the Reference Dosage Form with 
Same Label ing i n  I n d i c a t i o n s  and Side E f f e c t s  

B i o a v a i l a b i l i t y  Nonequivalent t o  the Reference Dosage Form 
b u t  Demonstration o f  Safety and E f f i c a c y  and D i f f e r e n t  
Label ing 

R e p r o d u c i b i l i t y  o f  9 V& Performance 

such as the  d i s s o l u t i o n  t e s t  f o r  s o l i d  dosage forms. It 

should be s e n s i t i v e  enough f o r  d i s c r i m i n a t i n g  any change 

i n  fo rmula t ion  parameters and l o t - t o - l o t  v a r i a t i o n s .  

key elements are:  

The 

a) R e p r o d u c i b i l i t y  o f  t h e  method 

b) Proper choice o f  medium 

c) Maintenance o f  p e r f e c t  sink cond i t ions  

d) Cont ro l  o f  s o l u t i o n  hydrodynamics 

The manufacturers o f  c o n t r o l l e d  re lease drug products  a r e  

urged t o  develop reproducib le  and s e n s i t i v e  i n  v i t r o  methods 
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1264 MALINOWSKI 

t o  characterize t h e  release mechanisms of the controlled 

release drug products they have developed and intend t o  

market. Ideally, the i n  v i t r o  t e s t  developed can be ut i l ized 

t o  characterize t h e  bioavailability of t h e  controlled release 

dosage forms and can also be relied upon t o  assure lot-to-lot 

performance. 

B) I n  vivo bioavailability data 

These data consist of: 

a )  Pharmacokinetic profiles of test and reference 

products. 

Bioavailability data - ei ther  comparable t o  the 

reference dosage form w i t h  same labeling i n  

indications and side effects  o r  

non-equivalent t o  the reference dosage form w i t h  

demonstration of safety and efficacy and different 

labeling. 

Evidence of reproducible i n  v i v o  performance 

b) 

c )  

The controlled release formulation developed should aim t o  

accomplish two important objectives: (i) It should  allow a 

maximum possible percentage of the dose i n  the formulation t o  

be absorbed i n  a controlled manner, and (ii) it should  be 

capable of minimizing patient-to-patient var iabi l i ty .  For the 
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BIOPHARMACEUTICS ASPECTS 1265 

development o f  a c o n t r o l l e d  re lease formulat ion,  one commonly 

used approach i s  t o  modify the  r a t e  o f  re lease of  a drug from 

the  fo rmula t ion  by pharmaceutical manipulat ion;  and, hence 

p o t e n t i a l  a l t e r a t i o n  of t h e  drug absorpt ion r a t e  and plasma 

l e v e l s .  Therefore, i n  so doing, one must assure with 

s c i e n t i f i c  evidence t h a t  the absorpt ion e f f i c i e n c y  o f  the  drug 

i s  no t  appreciably impaired and t h e  v a r i a b i l i t y  i s  n o t  

adversely increased. 

most instances f o r  p r e s c r i p t i o n  products.  S i n g l e  dose s tud ies  

have been accepted f o r  OTC products.  

b i o a v a i l a b i l i t y  d i f ferences observed i n  a s i n g l e  dose study 

which may cause the  study t o  be r e j e c t e d  by FDA, may become 

i n s i g n i f i c a n t  a t  steady-state. For t h i s  reason, a 

steady-state study may be pre ferab le .  

Steady s t a t e  s tud ies  are  requ i red  i n  

However, apparent 

More s p e c i f i c a l l y  (Table 71, the  c r i t e r i a  for eva lua t ion  o f  

b i o a v a i l a b i l i t y  of CR drug products employed by the  FDA 

inc lude some i n d i c a t i o n  t h a t  t h e  CR product i s  n o t  

dose-dumping. 

amount of drug contained i n  the  CR product as an 

immediate-release o r a l  bolus dose. Rate o f  absorpt ion o f  the  

CR product should be s u b s t a n t i a l l y  slower, Cma, should be 

lower and Tmax longer, compared t o  the  bolus dose. 

separate study, u s u a l l y  a steady-state study, the  

b i o a v a i l a b i l i t y  o f  CR product compared t o  an appropr ia te 

Th is  may be determined by admin is ter ing t h e  

I n  a 
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1266 MALINOWSKI 

TABLE 7 

SPECIFIC FDA REVIEW CRITERIA 

1. NO DOSE - DUMPING 

2. CMAX 

3. TMAX 

4. AUC 

a) 220% 

b) 75/75 RULE 

5. CONSISTENT PERFORMANCE 

a) SIMILAR VARIABILITY 

b) DISSOLUTION 

reference mater ia l  must be determined. 

treatments should be s im i la r  p a r t i c u l a r l y  if l a b e l l i n g  

i d e n t i c a l  t o  the reference product is ant ic ipa ted  f o r  the CR 

product. Large d i f ference i n  Cmax is unacceptable and may 

requi re re formulat ion or c l i n i c a l  studies t o  determine the  

e f f e c t  of these d i f ferences on safety  and ef fect iveness. 

Cmax f o r  both 

may very w e l l  d i f f e r  and i s  general ly o f  l i t t l e  value Tmax 
i n  the evaluation. Mean AUC o f  t e s t  and reference product 

should be within 20% o f  each other. The "75/75 r u l e  " i s  

usual ly  appl ied t o  i n d i v i d u a l  AUC values. 

subjects tested must have AUC's within the range 75% - 125% 

compared t o  the reference product. I f  the  CR product f a i l s  

A t  l e a s t  75% o f  t h e  
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BIOPHARMACEUTICS ASPECTS 1267 

the  "75/75 ru le , "  c l i n i c a l  t r i a l s  may be requ i red  t o  

substant ia te t h e  safety and e f f i c a c y  o f  t h e  product, i f  such 

t r i a l s  have n o t  already been conducted. An example o f  t h i s  

would be a h i g h l y  metabolized drug which has a c t i v e  

metabol i tes.  Measuring on ly  parent compound, the  CR product  

may f a i l  the  "75/75 r u l e "  y e t  s t i l l  be a safe and e f f e c t i v e  

product.  F i n a l l y ,  cons is tent  performance o f  the  CR product  is 

evaluated. 

t e s t  and reference products and by d i s s o l u t i o n  da ta  o f  

i n d i v i d u a l  t e s t  dosage u n i t s .  

the  s p e c i f i c  c r i t e r i a  used t o  evaluate CR drug products. 

This i s  determined by comparing v a r i a b i l i t y  o f  

With some exceptions, these are  

I n  t h e  remaining t ime, I would l i k e  t o  cover two d i s t i n c t  

examples t o  i l l u s t r a t e  t h e  a p p l i c a t i o n  o f  these c r i t e r i a ,  as 

w e l l  as d i s s o l u t i o n  c r i t e r i a ,  t o  s p e c i f i c  drugs. 

Papaverine CR products prov ides an example o f  a !hew drug" 

product conta in ing an " o l d  drug" i n g r e d i e n t  with apparent 

b i o a v a i l a b i l i t y  problems. 

I n  a study conducted under FDA cont rac t  (Table 81, 9 CR 

papaverine HC1 marketed products  were tes ted  i n  v i v o  and i n  

v i t r o .  

immediate re lease t a b l e t s .  

b i o a v a i l a b i l i t y  were found ranging from 95% f o r  t h e  immediate 

Comparison i n  v i v o  was made t o  ora l  s o l u t i o n  and 

Wide ranges i n  mean 
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1268 MALINOWSKI 

TABLE 8 

PRODUCT 

ELIXIR 
LILLY 
MARION 
MYLAN 
RUCKER 
ZENITH 

GROUP I 

AUC (0-10 HRS) 

1307.5 
1247.2 
409.2 
725.2 
800.0 
480.7 

GROUP I1 

ELIXIR 736.8 
HEUN/NORWOOD 290.8 
CENTRAL 183.2 
KEY 455.3 
ICN 132.7 
VITARINE 216.0 

% BIOAVAILABILITY 

- 
95 
31 
55 
61 
37 

- 
39 
25 
62 
18 
29 

release tab le ts  t o  18 t o  62 % f o r  the CR products. The mean 

b i o a v a i l a b i l i t y  for Group I are shown i n  Figure 1. 

Dissolut ion tes t i ng  was conducted on the  CR products and 

s imi la r  wide var ia t ions  were found (Figure 2). The i n  v ivo  

and i n  v i t r o  r e s u l t s  were found t o  cor re la te  qu i te  we l l  

(Figure 3). 

effect iveness questions which surround papaverine. 

Quinidine gluconate CR t ab le t s  provides a good example o f  (1) 

the need for b i o a v a i l a b i l i t y  t es t i ng  o f  CR products, ( 2 )  the 

These resu l t s  may a t  l eas t  p a r t i a l l y  expla in  the  

usefulness o f  d isso lu t ion  tes t i ng  o f  CR products and (3)  the 

c r i t e r i a  f o r  review u t i l i z e d  by the D iv i s ion  o f  
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1269 

FIGURE 1 
Mean plasma concentrat ions of 6 papaverine hydrochlor ide products. 

$DISPLACY RUT2A KEYONLW 

x 
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48. 
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-%- RUCKER 
-+- MYLAN 
-0- ZENITH 
-A- UITARINE 
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-0- RhRION 
-A- KEY 
-m- HUEN 
-0- I C N  

FIGURE 2 
D i s s o l u t i o n  p r o f i l e  of papaverine hydrochlor ide contro l led-re lease 
capsules and t a b l e t s .  
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3DISPLFIY RUT3A KEYONLY3 

MALINOWSKI 
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FIGURE 3 
I n  v i v o / i n  v i t r o  c o r r e l a t i o n  f o r  papaverine hydrochlor ide products.  

Biopharmaceutics i n  eva lua t ing  such products.  

ago, t h e  FDA was faced with a number o f  p r e s c r i p t i o n  drug 

products being marketed wi thout  approval  o f  an NDA. 

most o f  these products  invo lved immediate re lease dosage 

forms, a t  l e a s t  one, a qu in id ine  gluconate t a b l e t ,  was a CR 

product. 

comparable d i s s o l u t i o n  t o  t h e  reference product (Quinaglute 

Dura Tabs - Ber lex)  i n  a c i d  medium. 

About 2 years 

Although 

This product apparent ly was marketed based on 

Fol lowing severa l  r e p o r t s  

r e l a t e d  t o  a l leged therapeut ic  f a i l u r e s  with the  unapproved 

product and, the  submission, by the  manufacturer o f  t h e  

reference product, t o  the FDA, o f  the  r e s u l t s  o f  a 

b i o a v a i l a b i l i t y  study showing only 41% b i o a v a i l a b i l i t y  o f  t h e  
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BIOPHARMACEUTICS ASPECTS 1271 

unapproved product based on AUC, compared t o  the reference 

product, the f i r m  reca l led  t h i s  defect ive product. The f i r m  

subsequently reformulated the product, submitted an ANDA and 

obtained approval. Table 9 summarizes the r e s u l t s  o f  the study 

comparing the reference product t o  the product which was 

recal led.  AUC d i f f e r s  great ly ,  as does Cmax, showing the  

usefulness of these parameters. Tmax d i f f e r s  by only 9%, 

showing the l ack  o f  usefulness o f  t h i s  parameter. 

summarizes the r e s u l t s  o f  a study approved as p a r t  o f  the 

review o f  the ANDA f o r  the reformulated t e s t  product. 

AUC's d i f f e r  by only 2%, Cmax d i f f e r s  by only 7%. 

d i f f e r s  by 1l%, but t h i s  1/2 hour d i f ference would no t  be 

expected t o  be c l i n i c a l l y  s ign i f i can t .  

the t e s t  product i s  absorbed somewhat more rap id l y  than the  

reference product. 

comparisons. The t e s t  product passed the "75/75 ru le "  under 

steady-state conditions, whereas s ing le  dose r e s u l t s  ind ica ted  

border l ine f a i l u r e  o f  the  "75/75 ru le" .  We would consider the  

steady-state r e s u l t s  more meaningful. 

Table 10 

Mean 

Tmax 

It does ind i ca te  tha t  

Not shown are the  i nd i v idua l  AUC 

We can next look (Figure 4) a t  the d i sso lu t i on  cha rac te r i s t i cs  

o f  these products. 

a great deal o f  d i sso lu t i on  t e s t i n g  on these products. 

purpose o f  t h i s  t e s t i n g  was t o  attempt t o  develop a 

co r re la t i on  between the i n  v ivo data and i n  v i t r o  d i sso lu t i on  

The Biopharmaceutics Laboratory conducted 

The 
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TABLE 

I n  Vivo Data For Quinid 

1273 

10 

ne Glucona,e Table 

Products 

:S 

Parameter BE 60-2 

Dose 324 MG 324 MG 

CMAX ( MCG/ML 1 0.56 - + 0.18 

TMAX (HR) 6.1 - + 1.65 5.5 - + 1.27 

0.52 - + 0.22 

AUC (MCG/MLXHR ) 6.23 - + 2.07 6.37 - + 2.67 

Each value i s  the Mean 2 S.D o f  20 Subjects 

data. Various media were u t i l i z e d  i n  t h i s  attempt. Tested 

were the reference CR product and the  reca l led  unapproved CR 

product. Water, pH 5.4 phosphate bu f fe r  and pH 5.4 acetate 

bu f fe r  provide f o r  la rge  d i f ferences i n  d i sso lu t i on  f o r  the 

bioinequivalent products. 

selected as the f i n a l  medium since water i s  unbuffered and pH 

d i f ferences i n  the d i sso lu t i on  medium were found p re  and 

post- test ing.  

b i o a v a i l a b i l i t y ,  was found t o  d isso lve w e l l  under the  pH 5.4 

acetate bu f fe r  condi t ions.  

product's d isso lu t ion .  

The pH 5.4 acetate bu f fe r  was 

Also, a t h i r d  product o f  known, good 

Figure 5 shows the reformulated 

Subsequent t o  the approval o f  the generic manufacturer's 

product, the innovator company conducted a steady-state study, 
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%DISPLAY RUTSA KEVONLY) 

1275 

-%-  
-0- 
-A- 

B O - 1  
BO-i? 
BE 

FIGURE 5 
Dissolut ion p r o f i l e  of three quinidine gluconate proaucts i n  pH 5.4 
acetate buffer (paddle a t  100 rpm). 

submitted the resul ts  t o  the FDA, concluding t h a t  the products 

were not bioequivalent based on 13% differences i n  mean AUC 

and s ign i f icant  differences i n  mean plasma concentrations from 

6 t o  12 hours fol lowing dosing. Based on the c r i t e r i a ,  I ' v e  

already dicussed, the 13% difference i n  AUC would not be 

considered t o  be c l i n i c a l l y  s ign i f icant .  The plasma 

concentration dif ferences are o f  somewhat greater importance 

(Figure 61, however, on further inspection are not as large as 

the mean data indicate. 

e f fec t  was found i n  t h i s  study and the data, when divided i n t o  

the two treatment periods (Figure 7, Figure 81, reveals tha t  

only i n  period I1 do the proucts appear t o  d i f f e r  and the 

An unexplained s ign l f i can t  period 
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F€GURE 6 
Plasma concentrations of quinidine from two controlled-release 
quinidine gluconate (Data from both treatment periods). 

3DISPLAT RUT7h KEYONLY 
CORRECTINCrDISPLFIT==>DISPLFIY 
s 

FIGURE 7 
Plasma concentrations of quinidine from two controlled-release 
quinidine gluconate products (Data from period I ) .  
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%DISPLAY RUT8A KEYONLY3 
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FIGURE 8 
Plasma concentrat ions o f  qu in id ine  from two contro l led-re lease 
qu in id ine  g l  uconate products (Data from Per iod 11). 

di f ference i s  due p r i m a r i l y  t o  h igher  l e v e l s  o f  innovator  

product r a t h e r  than lower l e v e l s  o f  t h e  gener ic product, when 

compared t o  t h e  data from per iod  I. With t h i s  in format ion,  

along with t h e  study submitted by t h e  gener ic manufacturer, we 

mainta in  t h a t  t h e  two products are equiva lent  and, i n  f a c t ,  

t h e  products a re  l i s t e d  as AB on t h e  Approved P r e s c r i p t i o n  

Drug Products L i s t  meaning t h a t  be consider t h e  products t o  be 

t h e r a p e u t i c a l l y  equiva lent .  

This br ings  me t o  the  f i n a l  t o p i c  I ' d  l i k e  t o  discuss, t h e  

therapeut ic  equivalence o f  o r a l  CR products.  

products approved by t h e  FDA, on ly  c e r t a i n  qu in id ine  gluconate 

O f  a l l  t h e  CR 
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1278 MALINOWSKI 

and orphenadrine c i t r a t e  CR products have been l i s t e d  as "AB" 

or t h e r a p e u t i c a l l y  equiva lent  (TE). 

CR product does n o t  necessar i ly  mean a l i s t i n g  o f  l'AB1l. 

order t o  be TE, t h e  two invo lved products must, by d e f i n i t i o n  

be bioequivalent,  t h a t  i s ,  have the  same r a t e  and ex ten t  of 

absorption. 

beyond t h e  c r i t e r i a  needed f o r  NDA approval. 

reference product must be an approved CR product (as 

contrasted by an immediate re lease product ) .  

products '  plasma l e v e l  curves should be e s s e n t i a l l y  

superimposable. 

be l i s t e d  as TE. Unfortunately,  t h i s  l a t t e r  c o n d i t i o n  

(super imposi t ion) i s  sometimes d i f f i c u l t  t o  a t t a i n  and 

quant i f y .  

f a i l u r e  o f  75/75 r u l e  or l a r g e  d i f f e r e n c e s  i n  CMAX may r u l e  

against  a l i s t i n g  of  TE unless a medical  determinat ion i s  made 

t h a t  these d i f ferences should have no e f f e c t  on therapeut ic  

equivalence o f  the  products. 

f a l l  between these two l i m i t s  (no d i f fe rences  and r e l a t i v e l y  

l a r g e  di f ferences) and these products a r e  c u r r e n t l y  being 

considered on a case-by-case basis.  A d d i t i o n a l  cons iderat ions 

may enter  t h e  p i c t u r e  such as t h e  c r i t i c a l  nature o f  the  drug 

and a v a i l a b i l i t y  of data from other  s tud ies  i n v o l v i n g  t h e  

subject  CR product and o ther  CR products  conta in ing  the  same 

drug. We cont inue t o  grapple with t h e  quest ion o f  TE o f  CR 

Approval o f  t h e  NDA f o r  a 

I n  

Th is  imposes c e r t a i n  a d d i t i o n a l  r e s t r i c t i o n s  

F i r s t ,  the  

Second, t h e  two 

I f  these c r i t e r i a  are met, the products  w i l l  

D i f fe rences  i n  AUC greater  than 20% on t h e  mean or 

A problem area a r i s e s  when da ta  
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drug products and I can only caution tha t  the requirements for  

TE are possibly and probably more s t r ingent  than the standards 

for  approval of the b i o a v a i l a b i l i t y  requirements. 

I n  conclusion, I hope the  information t h a t  I have presented 

today serves t o  c l a r i f y  the regulatory requirements for the  

tes t i ng  o f  o r a l  CR drug products. 

welcome comments and suggestions on the c r i t e r i a  we use i n  

t h i s  evaluation. I f  you have any add i t iona l  c r i t e r i a  t h a t  you 

f e e l  are o f  value, please don't hes i ta te  t o  discuss your ideas 

with us. 

I want you t o  know t h a t  we 
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