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ABSTRACT - Purpose: Over the last 15 years, an ever-increasing proportion of pharmacokinetic 

bioequivalence studies for European/North American generic submissions appeared to have been 

conducted in geographical/ethnic populations other than those for which the drug is marketed for. The 

results of pharmacokinetic bioequivalence studies have traditionally been considered to be insensitive to 

the population studied. However, several recent studies have suggested that this may not necessarily be 

true. The objective of this study was to investigate whether there were any concerns regarding the current 

practice of extrapolating bioequivalence study results from one geographic/ethnic population to another. 

Methods: In order for a regulatory agency to use bioequivalence results from one population to another, 

two formulations assessed as bioequivalent under fasted and fed conditions in one population must be 

bioequivalent in a geographically/ethnically different population under both conditions. Unfortunately, 

bioequivalence studies between a generic and its reference product for one submission are conducted using 

only one geographical/ethnic population. As bioequivalence study results between two populations for the 

same generic and reference products are not available, the food effect for the same reference product 

between two populations was compared. This is based on the rationale that if two products are bioequivalent 

under both fasted and fed conditions in two populations, even if there are PK differences in the product 

exposures between these two populations, the test to reference ratio, as well as the food effect, will remain 

constant within each population. Food effect (fed/fasted ratio) was calculated using pharmacokinetic data 

from publicly available regulatory resources and compared between two geographical/ethnic populations 

using the same reference for each studied drug product. Meta-analyses were conducted. Results: 

Statistically significant differences (P<0.05) were found in the food effect between two populations for 

nine out of the ten (90%) available studied products. Among these, an observed clinical difference was 

suggested in three out of nine (33%) products. Conclusion: These results suggest that bioequivalence 

results from one population may not always be representative of what may be found in another population. 
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INTRODUCTION 

The bioavailability of orally administered drug 

products can be altered under different 

(patho)physiological conditions. To date, 

different studies in animal models and human 

subjects have revealed that altered 

pathophysiological conditions can affect not only 

the bioavailability of drug products (1-4), but also 

pharmacokinetic (PK) bioequivalence study 

outcomes. Drug products that were found to be 

bioequivalent in one condition were not always 

bioequivalent in other conditions (5-8). The US 

Food and Drug Administration (FDA) and other 

regulatory agencies often require the 

demonstration of bioequivalence under both 

fasted and fed conditions for generic submissions 

(9-11), as formulations may perform differently 

under different conditions; therefore, two 

formulations assessed to be bioequivalent under 

fasted conditions may not necessarily be 

bioequivalent under fed conditions. Regulatory 

agencies typically recommend a high-fat, high-

caloric meal in food effect (FE) bioavailability 
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studies for NDAs1 and fed bioequivalence studies 

for ANDAs2 (9-11), as bioequivalence would 

then be investigated in potentially extreme 

conditions (i.e., fasting and high-fat conditions). 

A high-fat, high-caloric meal would likely 

provide maximal gastrointestinal perturbation, 

rendering the physiological conditions more 

discriminative at detecting formulation 

differences. 

The population for which the drug is 

intended to be marketed for has to be part of the 

population(s) investigated in pivotal Phase III 

studies. Hence, a new drug cannot be marketed in 

one population without having pivotal data 

obtained from the same population. In contrast, 

generic drugs are currently marketed in different 

populations from which they were tested in, as a 

result of cost-reducing measures that enable 

companies to offer their generic products at a 

lower cost. It is therefore not surprising to learn 

that over the last 15 years, most generic products 

have been for a while tested in India, while they 

are destined to be marketed in “higher-cost” 

regions such as Canada, the USA, and Europe. 

Extrapolation of bioequivalence results from one 

population to another has been considered to be a 

non-issue for many decades now, and is actually 

the reason for which bioequivalence studies are 

typically conducted in healthy volunteers (HVs) 

instead of patients in the first place. This is based 

on the premise that (a) PK bioequivalence studies 

are usually conducted in a crossover fashion and, 

therefore, subjects will act as their own control, 

and so even if they would present different PK 

characteristics, these differences would apply 

equally to both crossover periods and therefore 

products, and that (b) bioequivalence involves the 

assessment of the relative bioavailability of a test 

formulation in one period versus a reference one 

in another period of the study, and is expressed as 

a ratio. 

We are noting, however, that the above 

would only hold true if the following two 

conditions are met: (a) absorption would be a 

unidirectional passage of drug molecules from 

intestinal lumen into the portal vein, meaning that 

once absorbed, an active ingredient or moiety 

cannot come back into the gut lumen, and (b) 

excipients in test and reference formulations are 

1 New Drug Application 

exactly the same qualitatively and quantitatively 

(Q1/Q2) or, if they are different, they cannot 

produce a different effect on metabolizing 

enzymes and transporters in the gut wall between 

the two formulations. 

Regarding the unidirectional passage of 

drug molecules, influx and efflux transporters 

localized in the enterocyte membranes have been 

shown to be key determinants of drug absorption, 

regulating the transport of drug molecules from 

extracellular to the intracellular environment, and 

vice versa (12-14). Once a drug is absorbed from 

the intestinal lumen into the enterocytes, efflux 

transporters at the apical membrane of 

enterocytes may drive it from inside the cell back 

into the lumen, thus “reversing” its absorption 

through the gut wall and its subsequent entry into 

the portal vein. This process can be repeated 

multiple times, predominantly in the small 

intestine, and eventually determines the fraction 

of drug that will be absorbed. Therefore, contrary 

to the main general assumption, absorption is not 

always unidirectional and an active ingredient or 

moiety that is absorbed can be “de-absorbed” and 

come back into the gut lumen and may therefore 

interact further with components there such as 

food and excipients. 

As for the excipients, an oral generic 

formulation does not generally have to contain 

the same inactive ingredients as the reference 

product (15). Excipients are traditionally used in 

part to facilitate drug release and dissolution 

which are essential precursor steps for drug 

absorption. Their impact on bioavailability, and 

in turn bioequivalence outcomes, has been 

traditionally assumed to be negligible. However, 

accumulating evidence is showing that many 

excipients can impact bioavailability and 

bioequivalence outcomes, not only by 

modulating drug release and dissolution, but also 

by their inhibitory/inductive effect on CYP 

enzymes and transporters that are present in the 

gut wall and elsewhere (16-18). Indeed, many 

studies have revealed that the presence of some 

excipients in one formulation, but not in another, 

had unexpected impact on the bioavailability of 

the drug product, and hence caused non-

bioequivalence (19-21). 

2 Abbreviated New Drug Application 
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In summary, neither of the two necessary 

conditions are met to support the traditional view 

that the studied population should not impact 

bioequivalence  Therefore, 

bioequivalence  between two 

results.

outcomes

populations need to be further studied. 

The necessity of further investigation is also 

amplified by evidence in the literature suggesting 

that different populations may present varying 

levels of expression and prevalence of functional 

variants of transporters and CYP enzymes. For 

example, certain transporters and CYP enzymes 

have been reported to be markedly lower 

in Asian/Indian and African American 

populations compared to a North American/

Caucasian one (22-26). If that is truly 

the case, then transporters/enzymes may 

theoretically play a less important role in 

drug disposition in an Indian population, 

and the impact of any interaction between 

enzymes/transporters, food and/or excipients on 

drug bioavailability may be expected to be 

smaller. Should gut transporters and/or 

enzymes be involved in FE of some drugs, one 

could then hypothesize that a different FE 

would be expected in an Indian population 

versus a North American one for these drug 

products. Indeed, the effect of food has been 

shown to be influenced by transporters/CYP 

enzymes, as many studies have demonstrated 

that the PK differences seen for some drug 

products with food are due to interactions 

between food constituents and transporters/

CYP enzymes (27-30). 

Using the above discussed concepts that (1) 

drugs can be absorbed and then “de-absorbed” 

by transporters, (2) different populations may 

have different transporter and enzyme 

expression in the gut wall, and that (3) the 

presence of food constituents and excipients 

can affect transporter and enzyme expression, 

one can hypothesize that drug bioavailability or 

PK equivalence between test and reference in 

different populations may be influenced by 

the interaction between food constituents, 

drug excipients, and transporters/

enzymes. This hypothesis would be in 

contradiction with the historical common 

viewpoint that populations do not matter in 

the assessment of bioequivalence. It would 

then maybe possible that changes in 

physiological    factors  between  populations 

would result in different test/reference ratios 
between them. As a consequence, bioequivalence

study results would potentially be different 

between two different populations. 

This is exemplified in the hypothetical 
situation depicted in Figure 1, where 
bioequivalence between a test and a reference 
product is investigated in two different 
populations. These two populations differ in 
their level of expression or activity of 

transporters/enzymes for the hypothetical 

drug product. For simplicity purposes, let us 

consider that Population 1 (Pop 1) 

has no enzymes/transporters expression in 

the gut wall, while Population 2 (Pop 2) has a 

high level. In addition, let us also assume that 

the FE involves only interactions between food 

constituents and transporters. In this 

hypothetical situation, an FE will not be present 

in Pop 1, but will be present in Pop 2. Should 

the test and reference be bioequivalent 

under fasted conditions in Pop 1, they will 

automatically also be bioequivalent under fed 

conditions. For Pop 2, even if the test and 

reference are bioequivalent under fasted 

conditions, they may not be bioequivalent at 

all under fed. In summary, Figure 1 describes 

how a different FE will be observed 

between two populations leading to different 
BE outcomes.

Figure 1. The hypothetical outcomes of

conducting pharmacokinetic bioequivalence 

studies in populations with different levels of

expression or activity of CYP enzymes and/

or transporters. Here the two formulations are BE in

Population 1 (with no food effect) under both fasted 

and fed conditions, but may not be BE in Population 

2 (with food effect) under fed conditions (Outcome 

2). 
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To allow the extrapolation of bioequivalence 

outcomes from one population to the next, the test 

and reference products do not need to have the 

same bioavailability between different 

populations, but the FE of each formulation will 

need to be identical between two populations. 

This can be better comprehended by an example 

which is depicted in Figure 2. The same test and 
reference products are given to two different 

populations, Pop 1 and 2, under both fasted 

and fed conditions, with hypothetical 

bioavailability values. Due to the influence of 

altered physiological conditions, the 

bioavailability (expressed as area under the 

curve, AUC) of the products is different between 

the two populations, and also under the fed 

and fasted conditions. For Pop 1, AUC of both 

the test and reference is 100 ng h mL-1 under 

fasted versus 200 ng h mL-1 under fed 

conditions. For Pop 2, AUC is 50 ng h mL-1 

under fasted versus 100 ng h mL-1 under fed 

conditions. As shown in Figure 2, while the 
AUC is different between the populations, the 

ratio of fed/fasted for both populations remains 

the same i.e., 2, implying the same FE

is present for both populations. This 

example explains further that if test and 

reference products are bioequivalent under 

both fasted and fed conditions in 

two different populations, the FE for these 

products has to be also the same 

between these two populations.  

The main objective of this project is, 

therefore, to investigate whether 

bioequivalence study results from one ethnic 

population can be extrapolated to another one 

(different in ethnicity, but both consisting of 

HVs). In order to extrapolate 

bioequivalence results from one population 

to another, two formulations assessed as 

bioequivalent in one population must be 

bioequivalent in another one as well. In this 

retrospective study, it was impossible to 

compare bioequivalence study results of the 

same generic versus reference products in 

two different populations as generic firms 

only conduct their pivotal bioequivalence 

studies once in one population. Using the 

above discussed concept that for two products 

to be bioequivalent in two different populations 

the FE also has to be the same, we compared 

the FE results in lieu of bioequivalence 

results for a given reference product 
between different populations. Food effect

results indifferent populations can be derived as 

some sponsors conduct their 

bioequivalence studies in one population (e.g., 

in North America) while others conduct them 

in another one (e.g., India) for the same 

reference product. The FE results are also a 

better measure as PK results may vary from one 

population to the next, so the mean exposure 

results, i.e., AUC and maximum observed 

concentration (Cmax), cannot be compared across 

populations. Comparing FE results, which are 

the exposure ratios of fed to fasted conditions, 

for the same reference product, allows for 

appropriate comparisons between two 

populations. In this study, FE results for 

several reference drug products between two 

or more different geographical/ethnic HV 

populations were calculated and compared 

using data from bioequivalence studies 

publicly available from different generic 

submissions.   

Figure 2. An example illustrating the same food 
effect between two ethnic/geographical populations 

despite different bioavailabilities of drug 

products under altered physiological conditions 

(fed vs. fasted; Population 1 vs. Population 2) 

when they are bioequivalent in both 

populations.  BA, Bioavailability; Ref, Reference.  

METHODS 

Data Extraction 

A literature search for drug products with fasted 

and fed bioequivalence data was conducted using 

Health Canada’s Drug Product Database Online 

Query (31). All available product monographs by 

different manufacturers for oral pharmaceutical 

dosage forms (i.e., immediate-release and 

modified-release tablets and capsules) of each 

active pharmaceutical ingredient (API) were 

screened. Only those providing the complete list 

of required information were included for FE 

calculations. The required information was 

extracted from Part II (Scientific Information), 

Clinical Trials subsection of product 



J Pharm Pharm Sci (www.cspsCanada.org) 23, 357-388, 2020

361 

monographs, Comparative Bioavailability 

Studies (Fasted and Fed) in Abbreviated New 

Drug Submissions (ANDSs), and only for 

reference product (US Reference Listed Drug or 

Canadian Reference Product). In parallel, the US 

FDA online database for FDA Approved Drug 

Products, Drugs@FDA (32); FDA’s Clinical 

Pharmacology, Biopharmaceutics and Statistical 

Reviews in NDA of each drug were reviewed for 

FE bioavailability study results. When available, 

fed and fasted data were also extracted from FE 

bioavailability studies in NDAs. 

Required information consisted of the 

following: 

1. Population geometric means of ln-

transformed AUC0-t and Cmax

2. Inter-individual variability (inter-CV%) of

each PK parameter from both fasted and

fed comparative bioavailability studies

3. Studied population

4. Subject numbers

5. Date and site of the study

The labels of US Reference Listed Drug 

(RLD) and monographs of Canadian Reference 

Products were compared to ensure that they were 

exactly the same products when data from both 

US and Canadian reference drug products were 

used. 

The data was publicly available for two 

populations. Indian population was selected as 

Population 1 for which the studies were 

conducted in India, and North American 

population was selected as Population 2 for which 

the studies were conducted in Canada or in the 

US. 

Assessment of Food Effect for Each 

ANDA/ANDS Study  

Effect of food (FE) on bioavailability was 

assessed by calculating fed/fasted ratios of 

population geometric means (GMR) of ln-

transformed PK parameters (AUC0-t and Cmax)

and the 90% confidence intervals (CIs) for these 

ratios using AUC0-t and Cmax of reference from 

Comparative Bioavailability Studies (Fasted and 

Fed) in the same ANDS. Since the fasted and fed 

PK data were collected from two independent 

groups of subjects with unbalanced sample sizes, 

the CI equation was adapted to an unbalanced 

parallel design via a pooled standard deviation 

estimate (33): 

where µ𝑓𝑒𝑑 and µ𝑓𝑎𝑠𝑡𝑒𝑑 are population geometric

means of the PK parameter under fed and fasted, 

respectively, 
µ𝑓𝑒𝑑

µ𝑓𝑎𝑠𝑡𝑒𝑑
 represents the point estimate 

(PE), and 𝑡1−𝛼, 𝑛𝑓𝑒𝑑+𝑛𝑓𝑎𝑠𝑡𝑒𝑑−2 denotes the critical

value of the t distribution with 𝑛𝑓𝑒𝑑 + 𝑛𝑓𝑎𝑠𝑡𝑒𝑑 −

2 degrees of freedom at the 1 − α probability 

level. The α = 0.05 was chosen based on the Two 

One-Sided Tests (TOST) procedure (34). 

𝑆𝐷𝑝𝑜𝑜𝑙𝑒𝑑 is the pooled standard deviation which

is calculated as the square root of the pooled error 

variance (σ2
𝑝𝑜𝑜𝑙𝑒𝑑) estimate:

σ2 = Ln (𝐶𝑉2+1)

where σ2
𝑓𝑒𝑑  and σ2

𝑓𝑎𝑠𝑡𝑒𝑑 are the variance

estimates associated with the fed and fasted 

treatments, respectively. The variance associated 

with each treatment was calculated from the inter-

individual variability (CV%) provided for 

reference in that treatment. To convert between a 

variance (σ2) on the log scale and a CV on the

observed scale, the following relation was 

applied: 

Assessment of Summary Food Effect in Each 

Population 

Fixed-effect and random-effects model meta-

analyses were performed to assess the summary 

FE for each drug in each region/population in 

terms of GMRs (fed/fasted) for Cmax and AUC0-t 

and the 95% CI for the ratios, using the FEs 

calculated from all ANDS studies available in 

that population. Meta-analytic computations were 

performed manually (35) using Microsoft Excel 

2010®. 
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Provided that the PK of the drug substance 

was linear, studies with different dose strengths 

for the same reference product were included in 

the meta-analysis for the calculation of the 

summary FE. When more than one reference was 

available for a drug, a literature search was 

performed to investigate the bioequivalence 

between the reference products. Only the same 

(bioequivalent) reference products were included 

in the same meta-analysis for the calculation of 

the summary FE. 

Comparison of Food Effect between North 

American and Indian Populations for 

Significance 

The summary FEs for the same reference 

products were compared between the North 

American and Indian populations for a significant 

difference from both statistical and clinical 

standpoints.  

Statistical significance: A subgroup analysis 

was performed to compare the summary FEs 

between Indian and North American subgroups 

for statistical significance using a Q-test based on 

analysis of variance. The difference in summary 

FE between the two populations was concluded 

to be statistically significant when P<0.05 for 

either of the PK parameters. 

Clinical significance: A difference of ≥40% 

between the FEs of the North American and 

Indian populations (%Diffinter-ethnic) for either of 

the PK parameters was considered to be of 

possible clinical relevance. When food impacted 

exposure in the same direction in both 

populations, the difference was calculated as: 

%Diffinter-ethnic = |%FE𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑛 − 
%FE𝐼𝑛𝑑𝑖𝑎𝑛|. When food impacted exposure in 
two different directions, the difference was 

calculated as:  

%Diffinter-ethnic = |%FE𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑛 | + |%FE𝐼𝑛𝑑𝑖𝑎𝑛|.

Between-Study Variability in Food Effect  

Between-study variability in FEs of different 

studies in each population was assessed for each 

study drug using heterogeneity measures, tau-

squared (τ2) and I2 indices. I2 of 25%, 50%, and 

75% were considered as low, moderate, and high 

heterogeneity, respectively (35). The

heterogeneity measure (I2) was then compared 
between the two populations. 

RESULTS 

Figure 3 summarizes the study steps for 
meeting the objective (FE calculations in two 

populations and their comparison), as well as 

for evaluating and comparing heterogeneity in 

each population. A total of 27 drug candidates 

with available fasted and fed bioequivalence 

studies in the literature were selected based 

on pre-established search criteria; however, 

only nine active drug ingredients (10 

drug products) had all the required 

information for evaluating FE in two different 

geographical/ethnic populations and were 

included in the data analysis consisting of a total 

of 53 ANDSs and six NDAs. The list of the nine 

active drug ingredients, their respective 

reference products, and their product label’s 

reported FE are provided in Table 1. The

table also includes which CYP enzymes and/or 

transporters are known at this time to be 

involved in the metabolism and disposition of 

these particular drugs (36-39).   

     Detailed FE results  (point estimates and 
90% confidence intervals) are summarized by 
drug, ANDS, and region in Table 2 for AUC0-t 
and Table 3 for Cmax, and only for reference 
products which had the required information 

available for summary FE calculations in both 

populations, enabling the comparison of FEs 

between them. All other reference products with 

summary FE in one population, but not the other, 

were only used in the heterogeneity analysis. In 

the North American population, 11.1% and 

44.4% of the studies were associated with 

heterogeneity above the level of significance 

(I2≥75%) in terms of AUC0-t and Cmax, 

respectively, while 71.4% of the studies in 

Indian populations had significant between-study 

variability in terms of both exposure measures 

(Table 4).

When the FEs for different

reference products of a drug were similar 

(e.g., Nexium® 20 and 40 mg tablets 

Prilosec® 20of esomeprazole;   mg 

capsule, Losec® 20 mg tablet and capsule of 
omeprazole), the summary FE was calculated 
one more time by including all reference 
products for that drug (Tables 5 and 6).  
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Figure 3 Study flow diagram. ANDS, Abbreviated New Drug Submission; FE, food effect; τ2, measure of 

heterogeneity (Between-studies variance); I2, measure of heterogeneity (degree of inconsistency in %); 

Ref, reference. 

Table 7 specifies which reference 
products were used for the comparison of 

FEs between the two populations and 

summarizes the overall FEs (i.e., the ones 

calculated in this study and those from 

the reference product labels) per drug and 

population, and the comparison between the two 

populations (statistical and clinical relevance). 

For nine out of the ten drug products, the 

FEs were significantly different between North 

American and Indian populations statistically (Q-

test; P<0.05) and for three of these nine the 

difference could be of possible clinical relevance 

(%Diffinter-ethnic in FE≥40%). 
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Table 1. Included drugs overview
API Reference Product CYP Enzyme/Transporter ψ Designated FE on 

the label (range) 

Amiodarone Cordarone® 200 mg 

Tabab 

Major substrate of CYP3A, 

CYP2C8 

Minor substrate of CYP2D6, 

CYP1A2 

P-gp/ABCB1

AUC increase x 2.4 

(1.7-3.6)  

Cmax increase x 3.8 

(2.7-4.4) 

Carbamazepine Tegretol® CR 400 mg 

Tabb 

Major substrate of CYP3A4 

Minor substrate of CYP2C8 

No significant FE 

Diltiazem Cardizem® SR 120 mg 

Capab 

Cardizem® CD 300 mg 

Capab 

Cardizem® CD 360 mg 

Capa

Tiazac® XC 360 mg 

Tabb 

Tiazac® ER 360 mg 

Capb 

Major substrate of CYP3A4 

Minor substrate of CYP2C9, 

CYP2D6 

P-gp/ABCB

No significant FE on 

extent of absorption 

No information in 

relation to Cmax

Verapamil Isoptin® SR 240 mg 

Tabab 

Major substrate of CYP3A4 

Minor substrate of CYP1A2, 

CYP2C8, CYP2C9, CYP2C18, 

CYP2B6, CYP2E1 

AUC decrease by 1-

8% 

Cmax decrease by 

15%$ 

Esomeprazole NEXIUM® 40 mg 

Tabab 

NEXIUM® 20 mg 

Tabab 

Major substrate of CYP2C19 

Minor substrate of CYP3A4 

AUC decrease by 

43.7%† 

Cmax decrease by 

68.3%† 

Omeprazole Prilosec® 20 mg Capa 

Losec® 20 mg Capb

Losec® 20 mg Tabb  

Major substrate of CYP2C19 

Minor substrate of CYP2A6, 

CYP2C9, CYP2D6, CYP3A4 

No FE 

Lansoprazole Prevacid® 30 mg 

Capab Major substrate of CYP2C19, 

CYP3A4 

Minor substrate of CYP2C9 

AUC decrease by 

50-70% 

Cmax decrease by 

50-70% 

Pantoprazole Na Pantoloc®40 mg Tabb Major substrate of CYP2C19 

Minor substrate of CYP2D6, 

CYP3A4 

No FE 

Pantoprazole 

Mg 

Tecta®40 mg Tabb Major substrate of CYP2C19 

Minor substrate of CYP2D6, 

CYP3A4 

No FE 

Rabeprazole Pariet™/® 20 mg Tabb Major substrate of CYP2C19, 

CYP3A4 

No FE 

API, Active pharmaceutical ingredient; FE, Food effect; Tab, Tablet; Cap, Capsule; SR, Sustained release; CD, Controlled 

Delivery; CR, Controlled release; Na, Sodium; Mg, Magnesium; ψ Extracted from literature (36-39); a US Reference Listed 

Drug (RLD) Product; b Canadian Reference Product; $ As per label by FDA, Cmax decreased by 100% in the presence of food; 

† The magnitude of decrease in the AUC and Cmax is derived from esomeprazole (NEXIUM®) 20 mg Tab Clinical 

Pharmacology and Biopharmaceutics Review, NDA 207920. As per monograph, NEXIUM® may be taken with or without 

food.  
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Table 2. Summary Food Effect in North America and India represented as Point Estimate (PE) and 95% Confidence 

Intervals (CI) for AUC0-t. 

AUC0-t 

Drug Study 

PE 

(Fed/Fasted) 90% CI* Food Effect 

Amiodarone (Cordarone® 200 mg Tab) 

North America 

(3 x 200 mg) 

1 2.40 [2.14, 2.68] 

2 2.36 [2.11, 2.64] 

(1 x 200 mg) 

3 2.08 [1.87, 2.31] 

4 1.99 [1.82, 2.17] 

Summary effect [95% CI] 2.16 [2.04, 2.30] 

Summary statistics: P= 0.069, τ2= 0.005, I2=57.63% 

India 

(2 x 200 

mg) 
1 1.76 [1.57, 1.97] 

Summary effect 1.76 [1.57, 1.97] 

Summary statistics: P= NA, τ2= NA, I2= NA 

Q-test for subgroup differences: QBetween= 7.65, P= 0.0057

Carbamazepine (Tegretol® CR 400 mg Tab) (1 x 400 mg) 

North America 

1 1.49 [1.38, 1.60] 

2 1.16 [1.09, 1.23] 

Summary effect [95% CI] 1.27 [1.21, 1.35]

Summary statistics: P< 0.0001, τ2= 0.029, I2=94.80% 

India 

1 1.15 [1.08, 1.21]

Summary effect 1.15 [1.08, 1.21] 

Summary statistics: P= NA, τ2= NA, I2= NA 

Q-test for subgroup differences: QBetween= 5.81, P= 0.01

Table 2 continues …. 



Diltiazem 

North America 

Cardizem® SR 120 mg Cap (1 x 120 mg) 

1 1.06 [0.92, 1.23] 

2 1.27 [1.12, 1.44] 

3 1.02 [0.91, 1.15] 

Summary effect [95% CI] 1.11 [1.02, 1.21] 

Summary statistics: P= 0.09, τ2=0.008 , I2= 58.46% 

Cardizem® CD 360 mg Cap (1 x 360 mg) 

4 0.97 [0.83, 1.13] 

5 1.10 [0.95, 1.27] 

Cardizem® CD 300 mg Cap (1 x 300 mg) 

6 1.24 [1.03, 1.50] 

7 1.36 [1.18, 1.57] 

8 0.93 [0.81, 1.07] 

Summary effect [95% CI] 1.10 [1.02, 1.19] 

Summary statistics: P= 0.009, τ2= 0.019, I2=70.65% 

Tiazac® XC 360 mg Tab (1 x 360 mg) 

9 1.01 [1.12, 1.25] 

Tiazac® ER 360 mg Cap (1 x 360 mg) 

North America 

10 No Food Effect 

India 

1 0.98 [0.85, 1.13] 

2 0.98  [0.86, 1.10] 

Summary effect [95% CI] 0.98 [0.88, 1.09] 

Summary statistics: P= 0.965, τ2=0 , I2=0% 

No PK bioequivalence study was available in North American population. As per monograph, the extent of diltiazem 
absorption was not affected by food. Therefore, (fed/fasted) PE for AUC0-t in this population was shown to be unity (PE=1). 

Table 2 continues …. 
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Verapamil (Isoptin® SR 240 mg Tab) (1 x 240 mg) 

North America 

1 1.03 [0.91, 1.17] 

2 0.99 [0.85, 1.14] 

Summary effect [95% CI] 1.01 [0.90, 1.13] 

Summary statistics: P= 0.697, τ2= 0 , I2= 0% 

India 

1 0.72 [0.62, 0.83] 

Summary effect 0.72 [0.62, 0.83] 

Summary statistics: P=NA, τ2= NA, I2= NA 

Q-test for subgroup differences: QBetween= 11.32, P=0.0008

Esomeprazole (NEXIUM® 40 mg Tab) (1 x 40 mg) 

North America 

1 0.48 [0.38, 0.60] 

2 0.51 [0.43, 0.62] 

3 0.56 [0.50, 0.62] 

Summary effect [95% CI] 0.54 [0.48, 0.59] 

Summary statistics: P= 0.573, τ2= 0, I2= 0% 

India 

1 0.56 [0.49, 0.63] 

2 0.99 [0.83, 1.19] 

Summary effect [95% CI] 0.66 [0.59, 0.74] 

Summary statistics: P<0.0001, τ2= 0.159, I2= 95.00% 

Q-test for subgroup differences: QBetween= 7.06, P= 0.008

Omeprazole 

Losec® 20 mg Tab (1 x 20 mg) 

India 

1 1.02 [0.82, 1.27] 

2 1.13 [0.92, 1.38] 

3 1.84 [1.52, 2.22] 

4 0.90 [0.67, 1.21] 

Summary effect [95% CI] 1.25 [1.10, 1.42] 

Summary statistics: P=0.0004, τ2= 0.087, I2= 83.30 

Losec® 20 mg Cap 

North America 

(2 x 20 mg) 

1 0.82 [0.61, 1.10] 

(1 x 20 mg) 

2 0.58 [0.46, 0.73] 

Summary effect [95% CI] 0.67 [0.54, 0.82] 
Table 2 continues …. 
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Summary statistics: P= 0.116, τ2= 0.036, I2=59.60% 

India 

(1 x 20 mg) 

5 0.66 [0.51, 0.87] 

6 1.42 [1.10, 1.82] 

Summary effect [95% CI] 1.00 [0.80, 1.24] 

Summary statistics: P= 0.001, τ2= 0.264, I2= 91.61 

Q-test for subgroup differences: QBetween= 6.82, P= 0.009

Lansoprazole (Prevacid® 30 mg Cap ) (1 x 30 mg) 

North America 

1 0.21 [0.17, 0.27] 

Summary effect 0.21 [0.17, 0.27] 

Summary statistics: P= NA, τ2= NA, I2=NA 

India 

1 0.27 [0.23, 0.32] 

2 0.48 [0.41, 0.56] 

3 0.15 [0.12, 0.19] 

4 0.27 [0.22, 0.33] 

Summary effect [95% CI] 0.30 [0.26, 0.33] 

Summary statistics: P<0.0001, τ2= 0.212, I2= 94.49% 

Q-test for subgroup differences: QBetween= 4.04, P= 0.04

Pantoprazole Na (Pantoloc® 40 mg Tab) (1 x 40 mg) 

North America 

1 0.81 [0.69, 0.96] 

2 0.86 [0.73, 1.01] 

Summary effect [95% CI] 0.84 [0.73, 0.96] 

Summary statistics: P=0.684, τ2= 0, I2= 0% 

India 

1 1.06 [0.87, 1.29] 

2 0.74 [0.62, 0.89] 

3 0.67 [0.53, 0.83] 

4 0.72 [0.64, 0.82] Table 2 continues …. 
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The vertical straight lines denote the GMRs of AUC0-t (fed/fasted) for each study and the lines on either side the 90% confidence 

intervals. The summary effect is represented by a red square and the lines on either side standing for point estimate and 95% 

confidence intervals, respectively, on the bottom line of each population. The P-value in summary statistics of each population 

corresponds to the variance of studies within that subgroup population and demonstrates whether the variance within subgroup 

is statistically significant. The P-value corresponding to QBetween on the bottom line of forest plot for each drug demonstrates 

whether the summary effect is the same for studies in North America as for the studies in India. PE, Point Estimate; GMR, 

Geometric Mean Ratio; CI, Confidence interval; NA, Not Applicable; Na, Sodium; Mg, Magnesium; τ2, measure of heterogeneity 

(between-studies variance); I2, measure of heterogeneity (degree of inconsistency in %); *95% CI for summary food effect of 

each population. 

5 0.92 [0.78, 1.08] 

6 0.74 [0.62, 0.89] 

Summary effect [95% CI] 0.79 [0.73, 0.86] 

Summary statistics: P=0.035, τ2= 0.015, I2= 58.26% 

Q-test for subgroup differences: QBetween= 0.45, P= 0.504

Pantoprazole Mg (Tecta® 40 mg Tab) (1 x 40 mg) 

North America 

1 0.77 [0.68, 0.88] 

India 

1 1.17 [0.93, 1.48] 

Rabeprazole (Pariet™/Pariet® 20 mg Tab) (1 x 20 mg) 

North America 

1 0.78 [0.69, 0.89] 

2 0.82 [0.72, 0.94] 

Summary effect [95% CI] 0.80 [0.72, 0.89] 

Summary statistics: P= 0.64, τ2= 0, I2=0% 

India 

1 0.90 [0.78, 1.04] 

2 1.15 [1.02, 1.30] 

3 1.51 [1.34, 1.70] 

Summary effect [95% CI] 1.19 [1.09, 1.30] 

Summary statistics: P<0.0001, τ2= 0.056, I2= 90.60% 

Q-test for subgroup differences: QBetween= 31.63, P= 0.00001
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Table 3. Summary Food Effect in North America and India represented as Point Estimate (PE) and 95% 

Confidence Intrvals (CI) for Cmax

Drug Study 
PE 

(Fed/Fasted) 
90% CI* Food Effect 

Amiodarone (Cordarone® 200 mg Tab) 

North America 

(3 x 200 mg)

1 3.77 [3.46, 4.11] 

2 3.68 [3.22, 4.22] 

(1 x 200 mg)

2.87 [2.59, 3.18] 

2.66 [2.41, 2.93] 

3 

4 

Summary effect [95%CI] 3.20 [3.02, 3.40] 

Summary statistics: P <0.0001, τ2= 0.03, I2= 88.64% 

India 
(2 x 200 mg)

1 2.48 [2.17, 2.83] 

Summary effect 2.48 [2.17, 2.83] 

Summary statistics: P= NA, τ2= NA, I2= NA 

Q-test for subgroup differences: QBetween= 9.27, P= 0.0023

Carbamazepine (Tegretol® CR 400 mg Tab) (1 x 400 mg) 

1.46 [1.36, 1.57] 

1.21 [1.16, 1.27] 

North America 

1 

2 

Summary effect [95%CI] 1.29 [1.23, 1.35] 

Summary statistics: P= 0.0003, τ2= 0.016, I2= 92.31% 

India 

1 1.12 [1.07, 1.18] 

Summary effect 1.12 [1.07, 1.18] 

Summary statistics: P= NA, τ2= NA, I2= NA 

Q-test for subgroup differences: QBetween= 11.86, P= 0.0006

Diltiazem 

North America 

Cardizem® SR 120 mg Cap (1 x 120 mg) 

1 1.12 [0.97, 1.29] 

2 1.33 [1.17, 1.51] Table 3 continues …. 
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0.95 [0.85, 1.06] 3 

 Summary effect [95% CI] 
1.10 [1.01, 1.20] 

Summary statistics: P= 0.003, τ2= 0.026, I2= 82.36% 

Cardizem® CD 360 mg Cap (1 x 360 mg) 

4 1.04 [0.87, 1.25] 

5 1.12 [0.99, 1.26] 

6 1.10 [0.97, 1.25] 

7 1.24 [1.06, 1.44] 

8 1.07 [0.93, 1.23] 

Cardizem® CD 300 mg Cap (1 x 300 mg) 

1.03 [0.84, 1.27] 

1.34 [1.18, 1.52] 

0.80 [0.71, 0.92] 

9 

10 

11 

Summary effect [95% CI] 1.09 [1.03, 1.15] 

Summary statistics: P= 0.0008, τ2= 0.018, I2= 71.98% 

PrTiazac® XC 360 mg Tab (1 x 360 mg) 

12 1.04 [0.93, 1.17] 

PrTiazac® ER 360 mg Cap (1 x 360 mg) 

Slightly >1 

1.36 [1.24, 1.50] 

 1.40 [1.28, 1.53] 

North America 

13 

India 

1 

2 

Summary effect [95% CI] 1.38 [1.28, 1.49] 

Summary statistics: P= 0.728, τ2= 0, I2= 0% 

No information regarding the effect of food on Cmax was available in the North American population. As per 

monograph, in the presence of food tmax occurred slightly earlier. Since earlier tmax appears in parallel with increased 

Cmax, the PE (fed/fasted) for Cmax was assumed to be slightly larger than unity. 

Verapamil (Isoptin® SR 240 mg Tab) (1 x 240 mg) 

0.76 [0.66, 0.88] 

0.64 [0.54, 0.77] 

North America 

1 

2 

Summary effect [95% CI] 0.71 [0.62, 0.81] 

Summary statistics: P= 0.224, τ2= 0.005, I2= 32.50% 

Table 3 continues …. 
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India 

1 0.50 [0.43, 0.58] 

Summary effect 0.50 [0.43, 0.58] 

Summary statistics: P=NA, τ2= NA, I2= NA 

Q-test for subgroup differences: QBetween= 10.44, P= 0.001

Esomeprazole (NEXIUM® 40 mg Tab) (1 x 40 mg) 

North America 

1 0.41 [0.34, 0.49] 

2 0.34 [0.29, 0.40] 

3 0.42 [0.38, 0.46] 

Summary effect [95% CI] 0.40 [0.37, 0.44] 

Summary statistics: P= 0.171, τ2= 0.006, I2= 43.42 

India 

0.42 [0.38, 0.46] 

0.67 [0.59, 0.77] 

1 

2 

Summary effect [95% CI] 0.49 [0.44, 0.54] 

Summary statistics: P<0.0001, τ2=0.112, I2= 95.68% 

Q-test for subgroup differences: QBetween= 9.23, P= 0.0024

Omeprazole 

Losec® 20 mg Tab (1 x 20 mg) 

India 

1 1.32 [1.15, 1.52] 

2 1.10 [0.97, 1.25] 

3 1.74 [1.55, 1.95] 

4 0.97 [0.80, 1.17] 

Summary effect [95% CI] 
1.33 [1.22, 1.44] 

Summary statistics: P <0.00001, τ2= 0.059, I2= 89.37 

Table 3 continues …. 
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Losec® 20 mg Cap 

North America 

 (2 x 20 mg) 

0.65 [0.53, 0.81] 

 (1 x 20 mg) 

0.33 [0.28, 0.38] 

1 

2

Summary effect [95%CI] 0.42 [0.36, 0.48] 

Summary statistics: P <0.0001, τ2= 0.219, I2= 94.83% 

India 

 (1 x 20 mg) 

0.49 [0.41, 0.57] 

0.84 [0.69, 1.02] 

5 

6 

Summary effect [95% CI] 0.61 [0.53, 0.71] 

Summary statistics: P= 0.0003, τ2= 0.139, I2= 92.39 

Q-test for subgroup differences: QBetween= 13.74, P= 0.0002

Lansoprazole (Prevacid® 30 mg Cap ) (1 x 30 mg) 

North America 

1 0.16 [0.14, 0.18] 

Summary effect 0.16 [0.14, 0.18] 

Summary statistics: P= NA, τ2= NA, I2= NA 

India 

1 0.22 [0.19, 0.26] 

2 0.36 [0.33, 0.40] 

3 0.16 [0.14, 0.19] 

4 0.23 [0.19, 0.27] 

Summary effect [95% CI] 0.26 [0.24, 0.28] 

Summary statistics: P<0.0001, τ2= 0.129, I2= 94.71% 

Q-test for subgroup differences: QBetween= 43.03, P<0.0001

Pantoprazole Na (Pantoloc® 40 mg Tab) (1 x 40 mg) 

0.72 [0.64, 0.80] 

0.68 [0.64, 0.74] 

North America 

1 

2 

Summary effect [95% CI] 0.70 [0.65, 0.75] 

Summary statistics: P= 0.543, τ2= 0, I2= 0% 

India 

1 0.86 [0.79, 0.93] Table 3 continues …. 
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2 0.82 [0.74, 0.91] 

3 0.81 [0.74, 0.89] 

4 0.87 [0.80, 0.95] 

0.79 [0.74, 0.84] 

0.75 [0.70, 0.80] 

5 

6 

Summary effect [95% CI] 0.81 [0.78, 0.84] 

Summary statistics: P=0.204, τ2= 0.001, I2= 30.89% 

Q-test for subgroup differences: QBetween= 12.66, P<0.0004

Pantoprazole Mg (Tecta® 40 mg Tab) (1 x 40 mg) 

North America 

1 0.89 [0.82, 0.97] 

India 

1 1.10 [0.97, 1.25] 

Rabeprazole (Pariet™/Pariet® 20 mg Tab) (1 x 20 mg) 

0.67 [0.60, 0.76] 

0.60 [0.54, 0.67] 

North America 

1 

2 

Summary effect [95% CI] 
0.63 [0.58, 0.70] 

Summary statistics: P=0.261, τ2=0.001 , I2= 20.88 

India 

1 0.96 [0.85, 1.09] 

2 1.67 [1.50, 1.87] 

3 1.77 [1.59, 1.96] 

Summary effect [95% CI] 
1.47 [1.36, 1.59] 

Summary statistics: P<0.00001, τ2= 0.098, I2= 95.44% 

Q-test for subgroup differences: QBetween=184.18, P= 0.00001

The vertical straight lines denote the GMRs of Cmax (fed/fasted) for each study and the lines on either side the 90% 
confidence intervals. The summary effect is represented by a red square and the lines on either side standing for 
point estimate and 95% confidence intervals, respectively, on the bottom line of each population. The P-value in 
summary statistics of each population corresponds to the variance of studies within that subgroup population and 
demonstrates whether the variance within subgroup is statistically significant. The P-value corresponding to QBetween 
on the bottom line of forest plot for each drug demonstrates whether the summary effect is the same for studies in 
North America as for the studies in India. PE, Point Estimate; GMR, Geometric Mean Ratio; CI, Confidence 
interval; NA, Not Applicable; Na, Sodium; Mg, Magnesium; τ2, measure of heterogeneity (between-studies 
variance); I2; measure of heterogeneity (degree of inconsistency in %); *95% CI for summary food effect of each 
population. 
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Table 4. Heterogeneity (I2%) of Food Effect from clinical PK bioequivalence studies conducted in 

North American and Indian populations 

API 

nNA nIndia
Drug Product 

I2 (North 

American) 
I2 (Indian) 

AUC0-t Cmax AUC0-t Cmax 

Amiodarone 4 1 Cordarone® 200 mg Tab 57.63 88.64 - - 

Carbamazepine 2 1 Tegretol® CR 400 mg Tab 94.8 92.31 - - 

Diltiazem 3 - Cardizem® SR 120 mg Cap 58.46 82.36 - - 

5 - 
Cardizem® CD 300 & 360

mg Cap
70.65 71.98 - - 

1 2 
Tiazac® ER 360 mg Cap

- - 0 0 

Verapamil 2 1 Isoptin® SR 240 mg Tab 0 32.5 - - 

Esomeprazoleψ 3 2 Nexium® PR 40 mg Tab 0 43.42 95 95.78

Omeprazoleψ 
2 2 Losec® 20 mg Cap 59.6 94.83 91.61 92.39

4 - Losec® 20 mg Tab - - 83.3 89.37

Lansoprazole 
1 4 Prevacid® 30 mg Cap - - 94.49 94.71

Pantoprazole 

Naψ 
2 6 Pantoloc®40 mg Tab 0 0 58.26 30.89

Rabeprazoleψ 
2 3 Pariet™/® 20 mg Tab 0 20.88 90.6 95.44

0 1 3 3 

4 4 4 4 

0% 25% 75% 75% 

Common products with High 

heterogeneityψ* 

Total number of common productsψ 

% of Common products with high heterogeneity (I2 ≥ 

75%)ψ 

All products with High heterogeneity* 1 4 5 5 

Total number of products 9 9 7 7 

% of all products with high heterogeneity (I2 ≥ 75%) 

11.1% 44.4% 71.4% 

71.4

% 

* I2 values ≥ 75% are considered as high heterogeneity, indicating that most of the observed variance is

due to the real difference in underlying true effects (food effect) between studies rather than random

error.
ψ Common products represents the products with available heterogeneity data in both populations

nNA; Number of ANDSs in North American populations; nIndia, Number of ANDSs in Indian populations
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Table 5. Summary statistics of esomeprazole food effect using all available ANDS studies with Nexium® 

20 and 40 mg tablets  

AUC0-t  PE (Fed/Fasted)      90% CI*  Food Effect 

North America 

NEXIUM® 40 mg Tab (1 x 40 mg) 

1 0.48 [0.38, 0.60] 

2 0.51 [0.43, 0.62] 

3 0.56 [0.50, 0.62] 

NEXIUM® 20 mg Tab (1 x 20 mg) 

4 0.60 [0.52, 0.68] 

Summary effect [95% CI] 0.55 [0.51, 0.60] 

Summary statistics: P= 0.502, τ2= 0, I2= 0% 

India 

NEXIUM® 40 mg Tab (1 x 40 mg) 

1 0.56 [0.49, 0.63] 

2 0.99 [0.83, 1.19] 

Summary effect [95% CI] 0.66 [0.59, 0.74] 

Summary statistics: P<0.0001, τ2= 0.159, I2= 95.00% 

Q-test for subgroup differences: QBetween= 5.85, P= 0.016

Cmax PE (Fed/Fasted)  90% CI*  Food Effect 

North America 

NEXIUM® 40 mg Tab (1 x 40 mg) 

1 0.41 [0.34, 0.49] 

2 0.34 [0.29, 0.40] 

3 0.42 [0.38, 0.46] 

NEXIUM® 20 mg Tab (1 x 20 mg) 

4 0.45 [0.41, 0.50] 

Summary effect [95% CI] 0.42 [0.39, 0.45] 

Summary statistics: P= 0.115, τ2= 0.006, I2= 49.42% 

India 

NEXIUM® 40 mg Tab (1 x 40 mg)

1 0.42 [0.38, 0.46] 

2 0.67 [0.59, 0.77] 

Summary effect [95% CI] 0.49 [0.44, 0.54] 

Summary statistics: P<0.0001, τ2=0.112, I2= 95.68% 

Q-test for subgroup differences: QBetween= 6.96, P= 0.0083
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Foot note to Table 5: The vertical straight lines denote the GMRs of AUC0-t (fed/fasted) for each study and the lines 

on either side the 90% confidence intervals. The summary effect is represented by a red square and the lines on either 

side standing for point estimate and 95% confidence intervals, respectively, on the bottom line of each population. 

The P-value in summary statistics of each population corresponds to the variance of studies within that subgroup 

population and demonstrates whether the variance within subgroup is statistically significant. The P-value 

corresponding to QBetween on the bottom line of forest plot for each drug demonstrates whether the summary effect is 

the same for studies in North America as for the studies in India. PE, Point Estimate; CI, Confidence interval; τ2, 

measure of heterogeneity (between-studies variance); I2, measure of heterogeneity (degree of inconsistency in %). 

*95% CI for summary food effect of each population.

Table 6. Summary statistics of omeprazole food effect using all available ANDS studies with Prilosec® 

20 mg capsule, Losec® 20 mg tablet and capsule 

AUC0-t PE (Fed/Fasted)  90% CI*  Food Effect 

North America 

0.82 [0.61, 1.10]

0.58 [0.46, 0.73]

0.61 [0.48, 0.77]

Losec® 20 mg Cap (2 x 20 mg)

1 

Losec® 20 mg Cap (1 x 20 mg)

2 

Prilosec® 20 mg Cap  (2 x 20 mg) 

3 

Summary effect [95% CI] 0.64 [0.54, 0.76]

Summary statistics: P= 0.256, τ2= 0.008 , I2= 26.62% 

India 

Losec® 20 mg Tab (1 x 20 mg) 

1 1.02 [0.82, 1.27]

2 1.13 [0.92, 1.38]

3 1.84 [1.52, 2.22]

0.90 [0.67, 1,21]4 

Losec® 20 mg Cap (1 x 20 mg)  

5 1.42 [1.10, 1.82]

6 0.66 [0.51, 0.87]

Summary effect [95% CI] 1.18 [1.06, 1.32]

Summary statistics: P<0.0001, τ2= 0.108, I2= 84.86 

Q-test for subgroup differences: QBetween= 34.0, P<0.0001
Table 6 continues …. 
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Cmax  PE (Fed/Fasted)        90% CI*  Food Effect 

North America 

Losec® 20 mg Cap (2 x 20 

mg) 

1 0.65 [0.53, 0.81] 

Losec® 20 mg Cap (1 x 20 mg) 

2 0.33 [0.28, 0.38] 

Prilosec® 20 mg Cap (2 x 20 mg) 

3 0.53 [0.45, 0.63] 

Summary effect [95% CI] 0.45 [0.40, 0.51] 

Summary statistics: P<0.0001 , τ2= 0.116 , I2= 91.39% 

India 

Losec® 20 mg Tab (1 x 20 mg) 

1 1.32 [1.15, 1.52] 

2 1.10 [0.97, 1.25] 

3 1.74 [1.55, 1.95] 

4 0.97 [0.80, 1.17] 

Losec® 20 mg Cap (1 x 20 mg) 

5 0.84 [0.69, 1.02] 

6 0.49 [0.41, 0.57] 

Summary effect [95% CI] 1.11 [1.03, 1.19] 

Summary statistics: P<0.0001, τ2= 0.191, I2= 95.96% 

Q-test for subgroup differences: QBetween= 165.76, P<0.0001

The vertical straight lines denote the GMRs of AUC0-t (fed/fasted) for each study and the lines on either side the 90% 

confidence intervals. The summary effect is represented by a red square and the lines on either side standing for point 

estimate and 95% confidence intervals, respectively, on the bottom line of each population. The P-value in summary 

statistics of each population corresponds to the variance of studies within that subgroup population and demonstrates 

whether the variance within subgroup is statistically significant. The P-value corresponding to QBetween on the bottom 

line of forest plot for each drug demonstrates whether the summary effect is the same for studies in North America as 

for the studies in India. PE, Point Estimate; CI, Confidence interval; τ2, measure of heterogeneity (between-studies 

variance); I2, measure of heterogeneity (degree of inconsistency in %). 

*95% CI for summary food effect of each population.
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Table 7. Overall comparison (statistical and clinical) of calculated and labeled food effects for the studied products

API Drug 

Product 

PK 

Metric 
nNA nIndia Label 

 Differenceinter-ethnic in FE 

FE in North 

America 

Magnitudea 

FE in India 

Magnitudea

Difference 

%b 

Statistical 

significancec
Possible 

Clinical 

relevance?d 

Amiodarone 
Cordarone® 

200 mg Tab 

AUC0-t 
4 1 ↑ 

+116% +76% 40% 
Yes Yes 

Cmax +220% +148% 72% 

Carbamazepine 
Tegretol® CR 

400 mg Tab 

AUC0-t 
2 1 No FE 

+27% +15% 12% 
Yes No 

Cmax +29% +12% 17% 

Diltiazem 
Tiazac® ER 

360 mg Cap 

AUC0-t 
1 2 No FE 

- -2% - No 
No 

Cmax - +38% - - 

Verapamil 
Isoptin® SR 

240 mg Tab 

AUC0-t 
2 1 ↓ 

+1% -28% 29% 
Yes No 

Cmax -28% -50% 22% 

Esomeprazole 
NEXIUM® 

PR 40 mg Tab 

AUC0-t 
3 2 ↓ 

-46% -34%  12% 
Yes No 

Cmax -60% -51%  9% 

Omeprazole 
Losec® 20 

mg Cap 

AUC0-t 
2 2 No FE 

-33%    0%   33% 
Yes No 

Cmax -58% -39% 20% 

Omeprazole 
Losec® 20 

mg Tab 

AUC0-t 
- 4 No FE 

- +25% - 
- - 

Cmax - +33% - 

Lansoprazole 
Prevacid® 30 

mg Cap 

AUC0-t 
1 4 ↓ 

-79% -71% 8% 
Yes No 

Cmax -84% -74% 10% 

Pantoprazole Na 
Pantoloc®40 

mg Tab 

AUC0-t 
2 6 No FE 

-16% -21%    4% No 
No 

Cmax -30% -19% 11% Yes 

Pantoprazole Mg 
Tecta® 40 mg 

Tab 

AUC0-t 
1 1 No FE 

-23% +17%   40% 
Yes 

Yes 

Cmax - 11% +10%    21% No 

Rabeprazole 
Pariet™/® 20 

mg Tab 

AUC0-t 
2 3 No FE 

-20% +19% 39% 
Yes 

No 

Cmax -37% +47% 84% Yes 
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Table 8. Comparison of summary food effects for the studied drug products when fixed-effect and random-effects model meta-analyses were implemented.

API 
Drug 

Product 

PK 

Metric 

Fixed-Effect Model Random-Effects Model 

FE in 

North America 

Magnitude a 

FE in India 

Magnitude a 

FE in 

North America 

Magnitude a 

FE in India 

Magnitude a 

Difference in % 

(Random-Effects 

Model) b 

Statistical 

significance c 

Possible Clinical 

relevance? d 

Amiodarone 
Cordaron® 

200 mg Tab 

AUC0-t +116% +76% +118% +76% 42% 
Yes Yes 

Cmax +220% +148% +220% +148% 72% 

Carbamazepine 

Tegretol® 

CR 400 mg 

Tab  

AUC0-t +27% +15% +31% +15% 16% 
No* No 

Cmax +29% +12% +33% +12% 21% 

Diltiazem 
Tiazac® 

ER 360 mg 

Cap  

AUC0-t - -2% - -2% - No 
No 

Cmax - +38% - +36% - - 

Verapamil 

Isoptin® 

SR 240 mg 
Tab  

AUC0-t +1% -28% +1% -29% 29% 
Yes No 

Cmax -28% -50% -28% -50% 21% 

Esomeprazole 

Nexium® 

PR 40 mg 

Tab 

AUC0-t -46% -34% -48% -27% 21% 
No* No 

Cmax -60% -51% -61% -47%  14% 

Omeprazole 
Losec® 20 

mg Cap  

AUC0-t -33%    0% -42%    4%   38% 
Yes No 

Cmax -58% -39% -67% -36% 31% 

Lansoprazole 
Prevacid® 

30 mg Cap  

AUC0-t -79% -71% -79% -73% 6% 
Yes No 

Cmax -84% -74% -84% -77% 7% 

Pantoprazole Na 
Pantoloc®4
0 mg Tab  

AUC0-t -16% -21% -16% -20%    4% No 
No 

Cmax -30% -19% -30% -19% 11% Yes 

Pantoprazole Mg 
Tecta® 40 

mg Tab 

AUC0-t -23% +17% -23% +17%   40% 
Yes 

Yes 

Cmax - 11% +10% - 11% +10%    21% No 

Rabeprazole 
Pariet™/® 

20 mg Tab 

AUC0-t -20% +19% -9% +17% 26% 
No* 

No 

Cmax -37% +47% -12% +31% 43% Yes 

Footnotes to Table 7 and 8. ↑ and ↓ arrows denote increased and decreased exposure with food, respectively; nNA; Number of ANDSs in North American population; nIndia, 

Number of ANDSs in Indian population; PE, Point Estimate; Diff, Difference; FE, Food effect; Differenceinter-ethnic, inter-ethnic difference; a Magnitude of the FE is given in terms of 

the percentage of the difference between fed and fasted (% Difference=  
Fed – Fasted

Fasted
 x 100); b When food impacted exposure in the same direction in both populations, the 

difference in their FE was calculated as: %Differenceinter-ethnic= |%FE𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑛 −  %FE𝐼𝑛𝑑𝑖𝑎𝑛|. When food impacted exposure in two different directions, the difference in FE 

between two populations was calculated by summing the absolute value of %FE in each population: %Differenceinter-ethnic =|%FE𝑁𝑜𝑟𝑡ℎ 𝐴𝑚𝑒𝑟𝑖𝑐𝑎𝑛| + |%FE𝐼𝑛𝑑𝑖𝑎𝑛|; c Statistically 

significant difference in summary food effect between the two geographical/ethnic subgroups was concluded based on subgroup analysis (Q-test, P<0.05); *When there was a 

statistically significant difference “Yes”, and when there was not “No” was assigned when the results were different from fixed-effect model meta-analysis;; dPossible clinical 
relevance was concluded when %Differenceinter-ethnic in FE ≥40%. When there was a clinically significant difference “Yes”, and when there was not “No” was assigned. 
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DISCUSSION 

This study aimed to investigate if 

two formulations assessed as being 

bioequivalent in one geographic/ethnic 

population would also be bioequivalent in 

another one. Food effects for the same 

reference product were calculated and 

compared between populations. At this point 

in time we could only find data available for 

two different populations, North American 

and Indian.  

The most striking differences in FEs 

between the two populations were observed with 

rabeprazole and amiodarone. For 

rabeprazole, an increased exposure with food 

was observed in India, while a decrease was 

observed in North America. The difference in 

FEs between the two regions was found to be of 

both statistical (P<0.05) and possible clinical 

significance (%Diffinter-ethnic ≥ 40%). The observed 

FE on Cmax was more apparent in both 

populations with Point Estimates (PEs: fed/

fasted ratios) falling completely out of the 

80-125% usual equivalence limits. High

between-study variability was only observed for

the Indian population rabeprazole studies (I2=

90% for AUC0-t, 95% for Cmax). Two of the three

available rabeprazole submissions using Indian

populations (#2 and #3) were in general

agreement with each other, as significant

increases in Cmax were observed with PEs falling

above the usual 125% upper limit.

Submission#1 with no FE on Cmax was however

in contradiction with the other two. In contrast,

very low to negligible between-study

variability   in FEs  were observed   for 

theubmissions using the North American 
populations (I2= 20.9% for Cmax and I2= 0%

for AUC0-t). As such, the significant 
differences observed in the FEs for rabeprazole 
between these two populations do not seem to be 
due to between-study variability. For 
amiodarone, increased exposure with food was 
observed in both populations; however, the 
difference in FEs between the two populations 
were still statistically significant (P<0.05) and of 
possible clinical relevance (40% and 72% larger 
increase in North America than in India in terms 
of AUC0-t and Cmax, respectively). 

Similarly to rabeprazole, a difference in the 

direction of the FE between the two populations 

was also observed for pantoprazole-

magnesium. An increase in exposure in terms of 

AUC0-t with food was observed in Indian 

populations, while a decrease was observed in 

North American ones. This difference in AUC0-t 

was statistically significant (P<0.05) and 

possibly clinically relevant. 

To date, many interactions between 

pharmaceutical excipients and transporters/CYP 

enzymes have been documented. For the studied 
drugs several of the excipients are known for their 
inteaction with enzymes and transporters, and 

include Tween 80 (40), SLS (19, 21), and PEG 

(18, 41-44) in lansoprazole (PREVACID® Cap); 

magnesium-stearate (45, 46) in esomeprazole 

(NEXIUM® Tab) and amiodarone 

(CORDARONE® Tab); and PEG in

esomeprazole (NEXIUM® Tab) and omeprazole

(LOSEC® Cap). CYP3A4 inhibition by

polysorbates (Tween®) has also been

demonstrated (40, 47), with inhibition of human

cDNA expressed CYP3A4 at concentrations of

0.005% and above (40). In an in vitro human

colon and liver cell lines study, magnesium-

stearate was shown to decrease CYP3A4 mRNA

expression by more than 40% (45). Similarly,

common pharmaceutical excipients have been

shown to inhibit or at least attenuate P-gp

function by more than fivefold (16). Cosolvents

(e.g., PEG 400) (48), the Cremophor® class of

pharmaceutical excipients (e.g., Cremophor EL)

(49, 50), Tween® 20, and Tween® 80 have been

identified as P-gp inhibitors (49, 51) and were

found to enhance the transfer of P-gp substrate,

digoxin, across the intestinal mucosa in different

in vitro cell models by ≈2 folds (51). In the

meantime, lower level of expression and     lower

CYP2C19 (23-25, 55-56), CYP2D6 (57-59), 

CYP2C9 (22), and P-gp transporters (26) in 

Asians/Indians versus Caucasians/North 

Americans have been reported. The fourfold 

larger omeprazole AUC in Asian patients 

compared to Caucasian ones, indicated in the 

label (60), supports this information. Mannitol 

(61) in rabeprazole formulation (Pariet® Tab),

and     magnesium        stearate  (45-46)        in 
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(Cordarone® Tab) formulations are excipients 
known to influence drugbioavailability and

bioequivalence. Rabeprazole has been 

reported to be metabolized by 

polymorphically expressed CYP2C19 

and CYP3A4 enzymes. Similarly, amiodarone 

is a major substrate of CYP3A, but also of 

CYP2D6 and P-gp (62). The differences 

observed in the rabeprazole and amiodarone 

FEs between the North American and Indian 

populations may be hypothesized to be 

partly attributed to the different prevalence 

of the variants of CYP enzymes and P-gp 

transporters present in the two populations, and 

to the influence of excipients on bioavailability 

through the interaction with CYP enzymes and 

transporters, but this of course would need to 

be verified in further studies. 

For five of the study drugs where 

food impacted exposure in the same direction in 

both populations, the effect of food on 

exposure in terms of both AUC0-t and Cmax in 

North American populations was numerically 

larger than in the Indian one. For instance, 

33% and 20% larger decrease in omeprazole 

AUC0-t and Cmax with food, respectively, was 

observed in the North American versus 

Indian populations. Omeprazole, 

esomeprazole, and lansoprazole have been 

reported to be mainly metabolized by CYP2C19 

and also by CYP3A4 enzymes; 

omeprazole and pantoprazole are reported to 

be also metabolized by CYP2D6 to a lesser 

extent. Although not widely investigated, some 

studies suggest that proton pump inhibitors 

(PPIs) are also substrates of P-gp transporters 

(63). The larger FE observed in North 

American populations versus the Indian ones 

could be hypothesized to be partly due to the 

reportedly lower levels of expression/

function of CYP enzymes/P-gp transporters 

in Indians, but this also would need to be 

verified in further studies. 

The excipients mentioned above are only 
some of the examples that have been previously 
indicated to have an impact on the function of 
transporters and enzymes. Excipients can 
influence bioavailability, and therefore may 
impact bioequivalence outcomes via different 
mechanisms.   Excipient’s  type,   how   they are

combined, and their concentrations 

may influence the PK and 

physicochemical characteristics of APIs (19, 

21, 64-65). For instance, drugs with high 

permeability are often assumed to be less 

susceptible to excipient influence on their 

bioavailability than drugs with low 

permeability, and therefore the influence of 

excipients on bioequivalence between 

their formulations is expected to be of no 

significance (66). Published data may 

contradict this assumption, however, because 

some show that the influence of excipients 

on bioequivalence outcomes can be 

unpredictable. A clinical study with remarkable 

importance in undermining this traditional 

assumption is the bioequivalence study of a 

highly permeable, highly soluble drug, 

risperidone’s oral solution (19). In that study, 

a manufacturer developed two oral test solutions 

of risperidone containing 50 and 7 mg/ml of 

sorbitol in addition to the same 

qualitative and quantitative excipients 

included in the reference product (Risperdal® 1 

mg/ml oral solution). Both Test solutions failed 

to show bioequivalence with the reference 

product, and this is despite the low intra-subject 

variability and sufficient study power. 

Commonly used excipients can therefore impact 

not only the bioavailability and 

bioequivalence outcomes for drugs with 

low permeability, but also those with 

high permeability and high solubility. 

Excipients can impact bioavailability and 

bioequivalence, even solutions, where the 

release of the drug substance from the drug 

product has been considered to be self-evident. 

There are several other examples 

demonstrating the unpredictable impact 

of excipients on bioequivalence outcomes (19, 

20, 64, 67). 

In the evaluation of heterogeneity, less than 

11.1% and 44.4% of the studies conducted with 

the North American population were associated 

with significant inconsistency (I2≥75%) in FE 

results in terms of the AUC0-t and 

Cmax, respectively, while 71.4% of the 

studies conducted with Indian populations had 
significant    inconsistency   for   both   exposure
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measures. Larger between-study variabilities (I2) 

for all PPIs were found in studies conducted 

in Indian populations (Table 4). Greater 
prevalence of polymorphism in CYP enzymes 

has been reported in Indian versus North 

American populations (23-25, 55, 56). This may 

be a reason explaining the higher 

heterogeneity seen in Indian populations, but 

this also would need to be confirmed in 

further studies. 

We concluded summary FE in each 

population by prioritizing fixed-effect, rather 

than random-effects model meta-analysis as 

fixed-effect model is used when all studies in the 

meta-analysis are drawn from a common 

population and all factors which could influence 

the effect size (here, the FE in each ANDS study) 

are the same in all the study populations. In our 

analysis, the FE in each study was calculated 

based on the data extracted from an ANDS. 

Therefore, all studies were expected to share the 

same study design in order to meet the regulatory 

requirements (e.g., the same RLD in the same 

ethnic population, the same volume of water for 

dose administration, the same meal with the 

same food volume and viscosity, etc.). As a 

result, all variables with a potential impact on 

effect size were assumed to be the same across 

the studies. This complies with the principles of 

fixed-effect model. 

Due to the large observed between-study 

variability in some studies, especially in those 

conducted in Indian populations, one may 

question whether the observed inter-ethnic 

differences in FEs were the true differences in 

PEs (fed/fasted) or they could simply be 

confounded by between-study variability. In 

order to account for between-study variability, we 

also conducted a random-effect model meta-

analysis to calculate the summary FEs for each 

study drug product (data not shown). The results 

were in general agreement with the fixed-effect 

model meta-analysis. The same inter-ethnic 

differences were concluded for all study drugs 

from a clinical significance standpoint. It 

suggested that the observed inter-ethnic 

differences in FEs are unlikely to be due to 

between-study variability. A comparison of 
summary FEs calculated from fixed-effect and 
random-effect model meta-analyses for each 
drug in each population is provided in Table 8.

The examples in this study suggest 

that possible differences in FEs 

between geographical/ethnic populations may 

exist for certain drugs, regardless of the 

underlying mechanisms. Although unlikely 

because their specific caloric breakdown 

to protein, carbohydrate, and fat contents are 

the same, some may attribute these inter-ethnic 

differences in FEs to the different meal contents 

between the North American versus Indian 

studies. When conducted in India or North 

America, bioequivalence studies for the purpose 

of generic submission to the North American 

regulatory agencies (i.e., the FDA and Health 

Canada (HC)) must comply with the 

standards set in terms of meal contents by the 

US FDA and HC. Minor differences in the test 

meal are expected to have no impact on FE 

and are accepted by regulatory agencies. As per 

the FDA Guidance (10) substitutions in the test 

meal can be made as long as the meal provides 

a similar amount of calories from protein, 

carbohydrate, and fat and has comparable 

meal volume and viscosity. In summary, the 

observed differences in FEs between the two 

populations should not be due to a difference in 

meal contents between the studies conducted in 

North America and India. And even if they 

were, how unlikely it may be, the end result 

would be the same in terms of not being able to 

extrapolate BE results from one population to 

the next.  

Our study suggested possible differences in 

FE between two populations for nine 

drug products. If these results can be 

confirmed by others, then other differences 

are likely to be found among the thousands 

of other marketed drug products. The FEs 

observed for the reference products using 

North American populations were in general 

different than those using Indian populations, 

implying that two formulations that are 

assessed as bioequivalent in one population 

may not necessarily be bioequivalent in 

another one. This is in contradiction 

with the traditional view that 

bioequivalence outcomes should not 

differ between populations when a study is 

using a crossover design. 
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Central to the conduct of bioequivalence 

studies in HVs, is the extrapolation of 

bioequivalence outcomes from healthy 

populations to patients. It is based on the 

assumption that (1) the use of HVs will minimize 

both inter- and intra-subject variability, and that 

(2) the equivalence observed between two

products under healthy conditions can be

extrapolated to the disease conditions. This may

not always be appropriate. To date, different

studies in human subjects and animal models

have revealed that bioequivalence or PK

equivalence observed under healthy conditions

may not always translate to equivalence under

experimentally altered conditions or disease

conditions (2-8, 68-71). For example,

levothyroxine is a drug whose bioavailability is

affected by altered gastrointestinal conditions,

which might be present in a patient population.

Several studies have documented that the

elevated gastric pH, either due to impaired gastric

acid secretion (71) or gastric pH altering drugs,

such as PPIs (3, 4, 6, 68), reduced the oral

bioavailability of levothyroxine significantly. In

a levothyroxine PK study (two-way crossover)

conducted in human subjects (n=15) (6)

levothyroxine capsules (Tirosint® capsule) and

levothyroxine tablets (Synthroid® tablet)

assessed as being PK equivalent under fasted

conditions prior to the intravenous administration

of esomeprazole, were found to not be PK

equivalent under altered gastric pH conditions 

caused by prior intravenous administration of 

esomeprazole. The PK studies (two-way 

crossover) of omeprazole in 40 (7) and 23 (8) 

human subjects also demonstrated that 

differences between two formulations may 

remain hidden or nonsignificant under one 

condition, while they may be accentuated under 

another. 

In conclusion, we suggest that extrapolating 

bioequivalence study results from one 

population/region to another may not always be 

appropriate. We acknowledge that the detected 

discrepancies in our calculated FEs between the 

two populations may not always be clinically 

relevant. Nevertheless, we also found inter-ethnic 

differences in FE, which may be of clinical 

significance for drugs with fatal side-effects such 

as amiodarone (62) and verapamil (72). Further 

studies and research in this field should be 

undertaken. 
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