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นิยามศพัทที์Éควรรู้

1. Bioavailbility [ ชีวประสิทธิผลของยา ]

คือ อตัราเร็ว ( Rate ) และ ปริมาณ ( Extent ) ของตวัยาสาํคญัทีÉถูกดูดซึมเขา้สู่กระเลือด 

( Systemic circulation ) และกระจายไปถึงบริเวณทีÉยาออกฤทธิÍ  ( Site of action )

1.1 Absolute bioavailability 1.2 Relative bioavailability
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นิยามศพัทที์Éควรรู้
2. Bioequivalence  [ ชีวสมมลูของยา]

คือ ความเท่าเทียมกนัของค่า bioavailability ของยาสามญัเปรียบเทียบกบัยาตน้แบบภายใต้

เงืÉอนไขเดยีวกนั

3. Pharmaceutical equivalence  [ ความเทา่เทียมทางเภสชักรรม]
คือ ผลิตภณัฑย์าทีÉมีความเท่าเทียมทางเภสชักรรม ตอ้งมี ตัวยาสําคัญ รูปแบบ ขนาด และ

วธีิการบริหารยา แบบเดียวกนั โดยเขา้มาตรฐานขอ้กาํหนดเหมือนกนั หรือเทียบเท่ากนั

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________
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นิยามศพัทที์Éควรรู้
4. Pharmaceutical  alternatives

ผลิตภณัฑย์าจะเป็น pharmaceutical alternative เมืÉอผลิตภณัฑย์านัÊนมีโครงสร้างของ

ส่วนออกฤทธิÍเหมือนกนั แต่ รูปแบบทางเคมอีาจแตกต่างกนั

[เป็น Ester หรือเกลือต่างชนิดกนั ]

รูปแบบยาแตกต่างกนั

ขนาดความแรงต่างกัน

___________________________
___________________________
___________________________

___________________________
___________________________

___________________________
___________________________
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5. Therapeutic equivalence [ ความเทา่เทียมทางผลการรกัษา ]

Pharmaceutical equivalence ( PE ) Bioequivalence ( BE )

Interchangeable ( Switchable )

นิยามศพัทที์Éควรรู้
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ทาํไมต้องมีการศึกษาชีวสมมูล
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Reference/
Original drug

Test /
New Generic drug 

Pharmaceutical Equivalent Products

Documented Bioequivalent

Possible differences
• Drug particle size
• Excipients
• Manufacturing process
• Equipment
• Site of manufacture
• Batch size….. 

= Therapeutic equivalence 
[ Note : Generic , same dissolution specifications ]

Generic ( Multisource) Pharmaceutical Product

9

ผลิตภัณฑย์าทีÉจาํเป็นต้องทาํการศึกษาชีวสมมูล
1. ผลิตภณัฑย์าสามญัทีÉมีตวัยาทีÉสาํนกังานคณะกรรมการอาหารและยา จดัเป็นทะเบียนยาใหม่ 

[ New chemical entity ] ตัÊงแต่ พ.ศ. 2535

2. ผลิตภณัฑย์าสามญัยาทีÉมีหลกัฐานวา่ใหผ้ลการรักษาไม่เท่าเทียมกบัยาตน้แบบ

3. ผลิตภณัฑย์าสามญัชนิดทีÉออกแบบใหม้ีการปลดปล่อยตวัยาในลกัษณะพิเศษ 

[ Modified release dosage form ]

4. ผลิตภณัฑย์าสามญัซึÉ งมีคุณสมบติัทาง physiochemical ทีÉอาจทาํให ้Bioavailability

เปลีÉยนแปลง

__________________________________________________________________________________

__________________________________________________________________________________
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ผลิตภัณฑย์าทีÉจาํเป็นต้องทาํการศึกษาชีวสมมูล
5.     ผลิตภณัฑย์าสามญัทีÉเป็นยาเดีÉยวหรือยาผสม ทีÉมีส่วนผสมทีÉอาจมีผลรบกวนการดูดซึมของ

        ตวัยา “Inert ingredient : API  > 5:1 โดยนํÊาหนกั” 

6. ยาทีÉมีดชันีการรักษาแคบ [ Narrow therapeutic Index ] 

7. ยาทีÉมีขอ้มูลทางเภสัชจลนศาสตร์แสดงวา่ ตวัยาถูกดูดซึมจากทางเดินอาหารในบริเวณ

เฉพาะเจาะจง หรือ ตวัยาถูกดูดซึมไดน้อ้ย และการดูดซึมมีการแปรปรวนสูง

8. ยาทีÉมีเภสัชจลนศาสตร์ไม่สัมพนัธ์เชิงเส้นตรงกบัขนาดยาทีÉใช ้

[ Non-linear pharmacokinetics ]

9. ยาทีÉมีหลกัฐานแน่ชดัวา่มีปัญหาดา้น Bioavailability 

10. ยาทีÉมีสูตรโครงสร้างทางเคมีใกลเ้คียงกบัยาทีÉหลกัฐานแน่ชดัวา่มีปัญหาดา้น Bioavailability
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ผลิตภัณฑย์าทีÉได้รับการยกเว้นการศึกษาชีวสมมูล
1. IV Solution 

2. IM or SC of aqueous solution

3. Oral solution [ Syrup , Elixir , Tinture ] 

4. Powder for reconstitution to be solution for IV , IM , Oral

5. Gas 

6. Aqueous solution of optic or  ophthalmic product 

7. Topical products prepared as aqueous solution [ยาทีÉไม่หวงัผลทาง Systemic ]

8. Aqueous solution for nebulizer inhalation 

9. Tablets , Capsules , Oral suspensions of active substance ใน BCS Class I [ High solubility , High 

permeability ] และ High dissolution rate of dosage form
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Bioequivalence studies
Method Sensitivity / Use

1.Comparative pharmacokinetic studies in humans – PK 
measures such as AUC and 𝐶௠௔௫ (𝑇௠௔௫ )

Generally regarded most 
sensitive ± 20 % ( 80 – 125 %)

2.Comparative pharmacodynamic studies in humans
e.g. lowered blood pressure in mmHg

Sensitivity may not be 
optimal / rarely used ± ?

3. Comparative clinical trials 
Evaluation of non-inferiority trials

Rarely used for oral generics 
with systemic action

4. Comparative in vitro tests BCS Based biowaiver Sensitive , rapid , inexpensive 
Dissolution ± 10 % 

ASEAN Guidelines for the Conduct of Bioavailability and Bioequivalence Studies

ICH M9 

Harmonization of  BCS – Based Biowaivers

13
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What is a “Biowaiver” ?
Biowaiver  = waive in vivo BE study

=  NOT waive BE study
Biowaiver

-Provide regulatory relief without loss of drug product quality
-Product approved based on in vitro data
-Accelerate drug development & approval
-Lower the cost 

15

What is a “Biowaiver” ?
Biowaiver concepts : It applies to certain oral drug products
Intended for immediate release
1. Solubility 
2. Permeability
3. Dissolution
4. Excipients
5. Narrow therapeutic index
6. Therapeutic indication

_________________________
_________________________
_________________________
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Biopharmaceutics Classification System
Pe

rm
ea

bi
lty

Solubility : Volume ( mL ) of water required to dissolve the highest dose strength at the 
lowest solubility over pH 1-8 range

17

BCS – Biopharmaceutics Classification System
for drug substance

High Solubility

High Permeability

The highest dose is completely soluble in 250 mL or 
less of aqueous solution at pH 1.2 – 6.8 ( 37 °C )

Extent of absorption in humans is determined to be 
≥ 85 % of an administered dose
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Typical dissolution profile

19

BCS dissolution criteria
Very rapid dissolution

Rapid dissolution

Not rapid

Not less than 85% of labled amount are dissolved within 15 min in each of three buffers 
[ pH 1.2 , pH 4.5 acetate buffer , pH 6.8 phosphate buffer ]

Not less than 85% of labled amount are dissolved within 30 min in each of three buffers 
[ pH 1.2 , pH 4.5 acetate buffer , pH 6.8 phosphate buffer ]

≤ 85% of labled amount are dissolved in 30 min

Demonstration of similarity of dissolution profiles between Test and Refference products
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EMA : Guideline on the investigation of Bioequivalence 2010 
APPENDIX III BCS – based Biowaiver

BCS-based biowaivers are applicable for an immediate release drug product if

• The drug substance has been proven to exhibit high solubility and 
complete absorption ( BCS class I ) and

• Either very rapid ( ≥ 85% within 15 min ) or similarity rapid ( ≥ 85% within 
30 min ) in vitro dissolution characteristics of the test and reference 
product has been demonstrated considering specific requirements and

• Excipients that might affect bioavailability are qualitatively and 
quantitatively the same. In general, the use of the same excipients in 
similar amounts is preferred.

21

EMA : Guideline on the investigation of Bioequivalence 2010 
APPENDIX III BCS – based Biowaiver
BCS-bsed biowaivers are also applicable for an immediate release drug product if

• The drug substance has been proven to exhibit high solubility and limited 
absorption ( BCS Class III ) and very rapid ( ≥ 85% within 15 min ) in vitro 
dissolution of the test and reference product has been demonstrated

• Excipients that might affect bioavailability are qualitatively and 
quantitatively the same and

• Other excipients are qualitatively the same and quantitatively very similar
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Evolution of BCS based Biowaivers
Year Scope

1995 Amidon et al Concept paper

2000 US FDA First Guidance BCS 1 adopted

2001 EMA, WHO BCS 1 adopted

2005 ASEAN Guideline BCS 1 adopted

2006 WHO  Guideline BCS 1 ,3 and 2 acidic

2010 EMA revised BCS 1 ,3 adopted

2015 ASEAN revised BCS 1 

2017 FDA revised BCS 1 ,3 adopted

2016 ICH harmonization project Consensus scientific building

2019 Adoption of an ICH Harmonized Guideline Jun,2019

2020 ICH harmonization Implementation on 31 July 2020

23

Solubility specifications for 
BCS Classification : FDA , EMA , WHO and ICH
US FDA EMA WHO ICH

Methods 
accepted

Shake – flask method Shake – flask method Not specification Shake – flask or Alternate method

pH range pH 1-7.5 
(pH = p𝐾௔ ,pH = p𝐾௔ ± 1, 
pH 1, pH 7.5 )

pH 1.2 – 6.6 
( pH 1.2 , 4.5 and 6.8 , p𝐾௔ )

pH 1.2 – 6.8 pH 1.2 – 6.6 
( pH 1.2 , 4.5 and 6.8 , p𝐾௔ )

Temperature 
(°C)

37 ± 1 37 ± 1 37 ± 1 37 ± 1 

Replications ≥ 3 ≥ 2 ; end pH should be 
verified

≥ 3 ≥ 3, end pH should be verified

D/S ratio ≤ 250 mL at highest 
strength

≤ 250 mL at highest single 
dose administration

≤ 250 mL at 
highest strength 
in WHO list

≤ 250 mL at highest single dose or 
highest strength 
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Permeability specifications for 
BCS Classification : FDA , EMA , WHO and ICH
US FDA EMA WHO ICH

Highly
Permeable

≥ 90 % ≥ 85 % ≥ 85 % ≥ 85 %

Accepted 
methods

Mass balance absolute BA
Intestinal perfusion 
( human )

Mass balance absolute BA
( in human )

Mass balance absolute BA
( in human )

Mass balance absolute BA
( in human )

Acceptable 
altenative
methods

In vivo or in sito intestinal 
perfusion in a suitable 
animal model.
In vitro permeability 
methode using excised 
intestinal tissoes or 
monolayers of suitable 
epithelial cells

None In vivo intestinal perfusion 
in humans.

In vitro permeation using 
exercise human or animal 
intestinal tissue ( only in 
comparison to a reference 
product )

In vitro method using 
Caco-2 cell.

In vivo in human 
( Literature value )

25

Examples of model drugs
for permeability assay method validation

Group Drug

High 
Permeability
( fa ≥ 85% )

Caffeine ,
Metoprolol

Moderate 
Permeability
( fa = 50 – 84 % )

Enalapril ,
Metformin

Low Permeability
( fa < 50 % )

Famolidine , 
Mannitol

Zero 
Permeability

PEG 4000 , 
Inulin

Efflux substrate Paclitaxel ,
Quinidine
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ICH M9 : BIOPHARMACEUTICS CLASSIFICATION 
SYSTEM-BASE BIOWAIVERS

Summary of Guideline Content ( continued )
• A drug substance is considered highly permeable if ≥ 85% 

of the administered dose is absorbed.
• Supported by e.g.

 The absolute bioavailability is ≥ 85%
 ≥ 85% of the administered dose is recovered in urinr and/or feces as 

absorbed drug material
 Validated and standardized in vitro methods using Caco-2 cells
 To be considered 

 Stability of the drug substance in the gastrointestinal tract
 Human in vivo data from published literature may be acceptable

27

Comparative dissolution testing
Dissolution conditions ( stude design )
Apparatus Paddle, 50 ( 75 ) rpm or Basket 100 rpm
Dissolution media Three Pharmacopoeial buffers at least buffers :

pH 1.2 , 4.5 , 6.8
( Purified water may be used )

No organic solvent / surfactants
Volume of media 900 mL or less
Temperature 37 °C ± 0.5 °C
Sampling points 10, 15, 20, 30,45, (60, 120) min. (typical )

Apply filtration of samples
Units ( individual ) 12 for “ official ” studies
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Dissoultion specification

Immediate release drug products
• Single point

• Two point

• Multi – point ( Profile )

 For routine quality control test
 Result is given as e.g.
 > 80% (Q) in 30 minutes

 For routine quality control test

 Profile comparison for granting biowaiver
 For accepting product “sameness” under scale up and 

post approval changes

29

Dissoultion Profile Comparison
% Dissolution % Dissolution

% Dissolution % Dissolution

Time Time

TimeTime

Are These 
Profile 
Similar ?

100

100100

100

0

0

0

0

A A

A
A

B B

B

B
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Comparative dissolution testing

Profile similarity determination
1. If both the test and reference products show ≥ 85% 

dissolution within 15 minutes.

2. Calculate the f2 value ( similarity factor ) :

 The profiles are considered to be similar
“ No calculations are required ”

 If this not the case, apply point 2 ( next point )

 If f2 ≥ 50 
 The profiles are regarded similar
 No decimal required ( f2 = 49.51    50 )

31

Comparative dissolution testing

Similarity factor f2

t=1

n  n   = number of time points 
 𝑅௧ = %API dissolved of reference product at time point x
 𝑇௧ = %API dissolved of test product at time point x

 Minimum of 3 time points ( zero excluded )
 Time points should be the same for the two products
 12 units ( one / vessel ) for each batch ( for “office” purposes )
 Only one measurement should be considered after the reference 

product has reached 85% dissolution ( or asymptote is reached )
 RSD : ≤ 20% at early time point ( up to 10 minutes ) , &

≤ 10%  at later time points 
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Similarity of dissolution profile
การเปรยีบเทียบความเหมือน หรอื ความแตกต่าง ของกราฟแสดงการละลาย

• Difference factor [f1] : ค่าเขา้ใกล ้0 จะไม่แตกต่างอย่างมี
นยัสาํคญั

• Similarity factor [f2] : ค่าเขา้ใกล ้100 จะไม่แตกต่างอย่างมี
นยัสาํคญั

33

Typical time points
Immediate release tablets ( capsules )

Point Time
1 10

2 15

3 20

4 30
5 45

Rationale:
1.Condition 1

2. Condition 2, for calculation of f2

 ≥ 85% dissolution of both products within 15 minutes
 15 minutes time point thus essential

 a minimum of 3 points are required
 Only one measurement should be considered after 

85% dissolution ( both tablets )
 20 minute time point thus first possible one 

( if 15 minute fails 1௦௧ condition )
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Example 1
Determination of similarity of profiles

Example 1-A

Time (min)
%API dissolved

Tablet A 
(Ref)

Tablet B 
(Test)

10 87 94

15 96 99

20 99 99

30 100 99

45 101 99

60 101 99

f2 required? No, ≥ 85% in 15 min

f2 ( n = N/A ?)

Example 1-B

Time (min)
%API dissolved

Tablet D 
(Ref)

Tablet E 
(Test)

10 55 57

15 72 78

20 85 91

30 97 100

45 102 100

60 102 101

f2 required? Yes

f2 ( n =   3  ?) 64 ( similar )

35

ICH M9 : BIOPHARMACEUTICS CLASSIFICATION 
SYSTEM-BASE BIOWAIVERS

Summary of Guideline Content ( continued )
• A drug product is eligible for a BCS – based biowaiver 

provided that :
 The drug substance is a Class I or Class III drug
 The drug product is an immediate – release oral dosage form with 

systemic action
 The drug product is a dosage form that is pharmaceutically equivalent to 

the reference product
 Criteria with respect to composition ( excipients ) and in vitro dissolution 

performance of the drug product should be fulfilled
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ICH M9 : BIOPHARMACEUTICS CLASSIFICATION 
SYSTEM-BASE BIOWAIVERS

Summary of Guideline Content ( continued )
• Compoosition of drug product :

 Excipient differences between the proposed test and the reference 
product shold be assessed for their potential to affect in vivo absorption

 For BCS Class I drugs, qualitative and quantitative differences in excipients 
are permitted, except for excipients that may affect absorption ,which 
should be qualitatively the same and quantitatively similar , i.e., within 
± 10.0% of the amoun of that excipient in the reference product

 For BCS Class III drugs, all of the excipients should be qualitatively the same 
and quantitatively similar

 Note : a tale with allowable diffences in excipients is included in the 
guideline

37

Which data are required for a biowaiver ?
1. Solubility data for the API
2. Permeability data for the API
3. Dissolution data for the pharmaceutical product
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Which data are required for a biowaiver ?
4. Biowaiver -excipients

 Well established
 No interaction with the compound
 Should NOT alter GI motility and drug

absorption kinetics ( sorbitol , mannitol , surfactant…)
 Excipient is :

- Present in comparator or
- Excipient is present in a number of drug products having registration 

in  ICH country
- In amount usual for dosage form

39

Which data are required for a biowaiver ?
5. No narrow therapeutic index
6. Therapeutic indication –

No critical use medicine    
No oral cavity absorption
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กรณีทีÉศกึษา BE โดยวิธี biowaiver
1. ____________________________________________________
2. ____________________________________________________
3. ____________________________________________________
4. ____________________________________________________
5. ____________________________________________________
6. ____________________________________________________

41

กรณีทีÉศกึษา BE โดยวิธี biowaiver สาํหรบัยาตา่งความแรง
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กรณีทีÉศกึษา BE โดยวิธี biowaiver สาํหรบัยาตา่งความแรง

43

กรณีทีÉศกึษา BE โดยวิธี biowaiver สาํหรบัยาทีÉมีการแกไ้ข

เปลีÉยนแปลงภายหลงัการอนมุตัิทะเบียน [Variation]
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กรณีทีÉศกึษา BE โดยวิธี biowaiver สาํหรบัยาทีÉมีการแกไ้ข

เปลีÉยนแปลงภายหลงัการอนมุตัิทะเบียน [Variation]
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กรณีทีÉศกึษา BE โดยวิธี biowaiver สาํหรบัยาทีÉมีการแกไ้ข

เปลีÉยนแปลงภายหลงัการอนมุตัิทะเบียน [Variation]
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กรณีทีÉศกึษา BE โดยวิธี biowaiver สาํหรบัยาทีÉมีการแกไ้ข

เปลีÉยนแปลงภายหลงัการอนมุตัิทะเบียน [Variation]

47

3B-11, โจทยเ์พิÉมเติม 2 ขอ้


