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Meta-Analysis for Naproxen 
Bioquivalence Studies

Naproksen Biyoe de erlik al alar  in  
Meta Analizi

ABSTRACT Objective: Interchangeability between generic drugs is required for switching a pa-
tient fro  one generic drug to another  or this purpose  eta-analysis is used between generic 
drugs based on data obtained fro  independent bioequivalence studies  Material and Methods: 

ro  200  to 2013  Naproxen phar acokinetic data of clinical trials done by Novagenix Bio 
Analytical R  Centre in Turkey were used  Seven studies were suitable for the criteria of 

eta-analysis  The 0  con dence intervals for the differences between the eans of phar-
acokinetic para eters  area under the curve (A C0-tlast) and axi u  plas a concentration 

(C ax)  were deter ined for each binary co binations of seven generic drugs by eta-analysis 
used in average bioequivalence  Results: Considering the 0  con dence intervals  7 2  of 
the binary co binations for only C ax and 7  of the binary co binations for only A C0-tlast 
have been concluded as bioequivalent  7  of the binary co binations have been ful lled the 
bioequivalence criteria for both C ax and A C0-tlast  Conclusion: Since so e of the generic drug 
co binations ay not atch the bioequivalence acceptable range  switching a patient fro  one 
generic drug to another is leading to a ajor safety concern
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T A a : Bir hastan n bir jenerik ila tan di erine ge i i i in jenerik ila lar aras nda de i tiri-
lebilirlik gereklidir  Bu a a  i in  jenerik ila lar aras nda ba s z biyoe de erlik al alar n-
dan elde edilen veriye dayal  eta analizi kullan l aktad r  ere  ve nte ler: 200  y l ndan 
2013 y l na kadar T rkiye deki Novagenix Bioanalitik la  Ar- e Merkezi nde analizlenen ve 
raporlanan Naproksen biyoe de erlik al alar n n verisi kullan l t r  Meta analizinin kri-
terlerine uygun yedi al a vard r  Ortala a biyoe de erlikte kullan lan eta analizi ile bu 
yedi jenerik ilac n ikili ko binasyonlar n n far akokinetik para etreleri i in  e ri alt ndaki 
alan ( AA) ve aksi u  plaz a konsantrasyon (C aks)  ortala alar aras ndaki fark n 0 g -
ven aral klar  elde edil i tir  Bulgular: 0 g ven aral  g z n ne al nd nda  sadece C aks 
i in ikili ko binasyonlar n 7 2 si ve sadece AA0-tlast i in ikili ko binasyonlar n 7 si 
biyoe de er olarak sonu lan t r  kili ko binasyonlar n 7 s  he  C aks he  de AA0-tlast 
i in biyoe de erlilik kriterlerini yerine getir i tir  Sonu : Jenerik ila  ko binasyonlar n n ba-
z lar  biyoe de erlik kabul li itlerini kar laya ayabildi inden  bir hastan n bir jenerik ila tan 
di erine ge i i b y k bir g venlik endi esine sebep ol aktad r
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When a brand-na e drug is going off patent protection  the 
innovative drug co panies and or generic drug co panies 

ay le an abbreviated new drug application (AN A) for 
generic approval through the conduct of the bioequivalence study  Bi-
oequivalence testing for generic approval is based on the unda ental 
Bioequivalence Assu ption that when two drug products have si ilar 
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drug absorption pro les (or equivalent in average bioavailability)  it is assu ed that they will reach si ilar 
therapeutic effects or they are therapeutic equivalent 1 

Although each generic copy of the brand-na e drug can be used as a substitute for the brand-na e drug  
ood and rug Ad inistration ( A) does not indicate that these generic copies of the sa e brand-na e 

drug can be used interchangeably  It is therefore i portant to investigate the overall bioequivalence and 
inconsistencies a ong all generic copies of the sa e brand-na e  or this purpose  Chow and iu (1 7) 
proposed the concept of eta-analysis for the post-approval bioequivalence review 2

The idea of eta-analysis is to provide an overview of bioequivalence a ong generic drugs based on data 
fro  independent bioequivalence trials (or sub issions)  The purpose is not only to assess a bioequiva-
lence a ong generic drugs of the sa e brand-na e drug but also to provide a tool to onitor the per-
for ance of the approved generic copies of the sa e brand-na e drug  In Chow and iu s approach  the 
assu ption of having the sa e inter-subject and intra-subject variances for all studies  which li its its 
practical use  is rather restricted but strong  To overco e this proble  Chow and Shao (1 ) proposed 
an alternative ethod for eta-analysis that relaxes this assu ption  The proposed alternative eta-a-
nalysis increases the statistical power when the inter-subject variability is not too large 3

Thus  in this study  interchangeability between different generic drugs was analysed using this alternative 
ethod  A syste atic bioequivalence review was conducted with several studies containing Naproxen  

analysed and reported by Novagenix Bio Analytical R  Centre

The co parative bioavailability assess ent of two or ore for ulations of the sa e active ingredient to 
be ad inistered by the sa e route is ter ed bioequivalence  Bioequivalence studies co pare both the 
rate and extent of absorption of generic (test) drug with the brand-na e (reference) drug  The drug con-
centration -ti e curve is generally used to assess the rate and extent of absorption  If two for ulations 
exhibit si ilar drug concentration-ti e pro les in the blood plas a  they should exhibit si ilar thera-
peutic effects  

To investigate bioequivalence  the phar acokinetic ( K) para eters to be analysed are the area under the 
concentration-ti e curve fro  zero to the last easurable concentration (A C0-tlast )  re ecting the extent 
of exposure  and the axi u  plas a concentration (C ax)  re ecting the rate of exposure  In order to 
achieve a better approxi ation to a nor al distribution  the data should be transfor ed prior to analysis 
using a logarith ic transfor ation  or these para eters the 0  con dence interval for the ratio of the 
test and reference products should be contained within the acceptance interval of 80 00-12 00

or average bioequivalence  a standard two-sequence  two-period crossover study is usually e ployed  
et y k be the original or the log-transfor ation of the phar acokinetic response of interest e g  A C0-tlast 

and C ax  of the ith subject in the jth period and kth sequence of the trial  The following statistical odel 
is assu ed:

(1)

where  is the overall ean; j is the xed effect of the jth period ( j  1  2  and 1+ 2 = 0); Qk  is the xed 
effect of the kth sequence (k= 1  2  and Q1+Q2 = 0); l is the xed effect of the lth drug for ulation when 
j= k  l  =T  test for ulation; when j k  l=R  the reference (brand-na e) for ulation ( T+ R = 0); Sikl is 
the rando  effect of the ith subject in the kth sequence under drug for ulation l ; and S ik= (S ikT  S ikR)  
i= 1      nk  k= 1  2  are independent and identically distributed (i i d ) bivariate nor al rando  vectors 

 



Turkiye Klinikleri J Biostat 2018;10(3):200-7

202

el O AN K RTO  et al

with ean 0 and variance ; e k s are independently distributed with ean 0 and variance  Sik s and 
e k s are utually independent

To apply the eta-analysis ethodology  we selected naproxen active ingredient bioequivalence studies  
analysed and reported by Novagenix  that have the following conditions: 

I  The sa e sa ple size

II  The sa e study design as two sequences and two-period crossover design

III  Con dence intervals within the bioequivalence li its

I  The sa e brand-na e drug in different batch nu bers

ro  200  to 2013  nine naproxen active ingredient bioequivalence studies have been perfor ed in No-
vagenix  Seven of the  provide the above conditions and included in the eta-analysis  

The identity of the Sponsor and brand-na e drug anufacturers was protected

or eta-analysis between generic drugs  the ethod proposed by Chow and Shao in bioequivalence studies 
was applied  A 0  con dence interval for the difference of the eans of C ax and A C0-tlast were construc-
ted for each possible binary co bination of the generic drugs to assess the interchangeability between the  

Suppose that there are  independent bioequivalence studies  An additional subscript  h  is added to the 
responses so that y kh is the observation as de ned in odel (1) but it is fro  the hth bioequivalence study

To assess two test drugs  (generic copies) bioequivalence  say h and h  

where 

The ethod is divided into classes according to whether the sa ple size of sequences (nkh) is s all or large 
and equal  Since sa ple sizes of sequences of Naproxen bioequivalence studies are s all and equal  the 
exact ethod shown below was applied

Since nkh= nkh´  k= 1  2  ch = ch´ whereas ch =  e ne

(2)

(3)

et   be the sa ple variance based on dikhh´  i=1  nkh  k=1  2 and

Then an exact 0  con dence interval for hh´ is

( )

A Chi-square test with -1 degrees of freedo  was applied to test the null hypothesis of ho ogeneity 
of the reference products a ong the studies as a prerequisite to co bine data to perfor  eta-analysis

The calculations required for the eta-analysis were perfor ed using the Microsoft xcel 2010®

, 

, i=1,...,n1h, 

, i=1,...,n2h. 
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Seven naproxen bioequivalent studies that have the sa e reference drugs of different batches were selec-
ted and analysed for the eta-analysis  

The 0  con dence intervals of the differences of eans between the binary co binations of test drugs 
fro  1 to 7  for C ax and A C0-tlast were calculated and shown in Tables 1 and 2  and igures 1 and 2  res-
pectively

TABLE 1:

Combinations
Mean* of 

Test h
Mean* of
Test  h’ D* Var(D)* Ratio**

Lower Limit 
of 90% CI**

Upper Limit 
of 90% CI**

Con rmation 
of BE
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TABLE 2:

Combinations
Mean* of 

Test h
Mean* of
Test  h’ D* Var(D)* Ratio**

Lower Limit 
of 90% CI**

Upper Limit 
of 90% CI**

Con rmation 
of BE
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FIGURE 2:

FIGURE 1:
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The eta-analysis of C ax has shown that the following binary co binations of test drugs were not wit-
hin the bioequivalence li its of 80  to 12  (Table 1 and igure 1): T2xT  (78 0  to 102 07 )  T3xT  
(7 1  to 10 11 )  T xT  (78 17  to 10 7 )  T xT  (7  to 10 ) and T xT7 ( 7  to 
13 02 )  

The eta-analysis of A C0-tlast has shown that the following binary co binations of test drugs were not 
within the bioequivalence li its of 80  to 12  (Table 2 and igure 2): T1xT2 (102  to 13 2 )  
T1xT3 (10 8  to 132 7 )  T1xT  (101 71  to 1 2 1 )  T1xT7 (103 18  to 1 1 3 )  T xT  ( 7 3  
to 12 18 )  T xT7 ( 00  to 130 1 ) and T xT7 ( 3 81  to 130 2 )

When the nu ber of brand-na e drugs going off patent increases and the arket share of the generic 
copies grows  bioequivalence a ong generic copies of the sa e brand-na e drug beco es a very i por-
tant public health issue  Thus  Chow and iu have suggested a eta-analysis co bining data of different 
studies of bioequivalence between generic and brand-na e drugs  In their approach  a rather restricted 
and yet strong assu ption is ade that inter-subject (or intra-subject) variances are the sa e for all stu-
dies and all drug products  In this article  we used Chow and Shao s alternative ethod that relaxes this 
assu ption

Ai ing at analyzing interchangeability between the generic drugs containing Naproxen active ingredient  
a syste atic bioequivalence review was conducted with nine studies analysed and reported by Novagenix  
Seven of nine studies provided the pre-speci ed conditions and was included in the eta-analysis  A 0  
con dence intervals for C ax and A C0-tlast were constructed for each possible binary co bination of the 
generic drugs to assess the interchangeability between the  

or C ax   of the 21 binary co binations (23 8 ) have been concluded as non-bioequivalent  Test  has 
higher ean value for C ax than other generic drugs and is closer to only Test 1  Test  was found only 
interchangeable with Test 1 and not interchangeable with others  Other six drugs were considered inter-
changeable with each other

or A C0-tlast  7 of the 21 binary co binations (33 ) have been concluded as non-bioequivalent  The ostly 
not interchangeable generic drugs are Test 1 and Test 7  Test 1 was not interchangeable with four of six 
drugs and Test 7 was not interchangeable with three of six drugs  Test 1 has the highest ean value and 
Test 7 has the lowest ean value for A C0-tlast  

The 0  con dence intervals for the ratios of both C ax and A C0-tlast should be contained within the 
li its 0 80 1 2  10 of the 21 binary co binations ( 7 ) which ful ll this conditon are T1xT  T1xT  
T2xT3  T2xT  T2xT  T2xT7  T3xT  T3xT  T3xT7 and T xT7  It can be concluded that only these co -
binations are interchangeable

Non-interchageability  is particularly i portant for a edicine of narrow therapeutic index  whose lack 
of therapeutic effect or presence of toxic effects can signi cantly i pair ef cacy and safety 7 Although 
Naproxen is a very safe edicine  with a wide therapeutic window  the results have suggested that the 
replace ent of a generic drug with another can deter ine different therapeutic responses

We co bined independent bioequivalence studies based on the fact that they reached the sa e conclusi-
on of bioequivalence co pared with the sa e brand-na e drug  When assessing the interchangeability 
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between generic drugs  so e of the co binations ay not atch the acceptable range  Thus  the phar-
acokinetic behaviour and therefore the ef cacy of the drug product ay change and switching a patient 

fro  one generic drug to another is leading to a ajor safety concern  The clinical i portance of those 
ndings  in regard to quality  safety and ef cacy requires further investigation through clinical trials co -

paring the different phar aceutical for ulations of Naproxen
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