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ABSTRACT - Paliperidone palmitate is a second generation antipsychotic, approved for the treatment of 
schizophrenia in the form of the long-acting injectable (LAI) products INVEGA SUSTENNA®  (once monthly 
injection) and INVEGA TRINZA® (once every 3 months injection). Paliperidone palmitate dissolves slowly after 
deep intramuscular injection before being hydrolyzed to paliperidone and absorbed into the systemic circulation. 
The pharmacokinetic (PK) profile of the INVEGA SUSTENNA® formulation is biphasic, comprised of an initial 
relatively fast zero-order input, which allows rapid attainment of therapeutic concentrations without oral 
supplementation; and a subsequent maintained second-stage, first-order input, allowing for once monthly 
administration. Changes to the manufacturing processes can substantially alter the release characteristics of 
paliperidone palmitate LAI and consequently its PK profile. As an example, larger or smaller particle sizes of 
paliperidone palmitate can result in a delayed or accelerated release of paliperidone into the systemic circulation, 
respectively. Such changes are clinically relevant, as transient excursions above therapeutic plasma concentrations 
can be associated with an increased risk of adverse effects, including tachycardia, hypotension, QT prolongation, 
and extrapyramidal symptoms. Conversely, a delay in attaining therapeutic plasma concentrations of paliperidone 
on initiation of treatment, or a return to low plasma concentrations before the end of a dosing interval during 
repeated dosing, increases the risk of relapse. Given the integral relationship of the PK profile to the product’s 
clinical effects, it is important to have bioequivalence standards that reflect the complexity of the paliperidone 
palmitate LAI PK profile if one is to consider therapeutic equivalence based on simple bioequivalence testing. 
Although both the EMA and U.S. FDA have product-specific guidelines to determine bioequivalence, their 
requirements differ substantially. In Canada, no LAI product-specific bioequivalence guidance exists for 
multiphasic medication delivery systems, and the recently revised Comparative Bioavailability Standards: 
Formulations Used for Systemic Effects guidance applies only to oral and non-injectable formulations. We 
recommend that new Canadian standards be developed for multiphasic and biphasic intramuscular / subcutaneous 
(IM/SC) products, including paliperidone palmitate LAI products, because, similar to modified-release oral dosage 
forms, a different PK profile in modified-release IM/SC products can result in clinically meaningful differences 
in safety, efficacy, and tolerability. To ensure bioequivalence for both newly initiated and switch patients, this 
paper proposes bioequivalence standards that could be adopted in Canada that include two studies, a multiple-
dose cross-over study, and a single-dose study with partial AUC metrics. 

Schizophrenia is usually diagnosed in people aged 
17-35 years and requires long term treatment. 

Poor  adherence  with  antipsychotic  treatment 
increases with the type and duration of treatment;

INTRODUCTION 

Schizophrenia is a chronic, severe, and disabling 
illness affecting about 0.6 % of the population (1). 
The illness manifests earlier in men (in the late teens  
or early twenties) than in women (who are affected 
in   the   twenties   to   early   thirties); however, it 
affects  men  and  women  with  equal  frequency. 
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with patients becoming partially adherent or non- 
adherent over time (2). Discontinuation of 
medication is among the strongest risk factors for 
relapse, and thus adherence to treatment is important 
for positive treatment outcomes and remission (3). It 
has been reported that the risk of relapse is almost 
five-fold with the discontinuation of antipsychotic 
treatment within five years after initial recovery from 
the first episode of schizophrenia (4). Furthermore, 
non-adherence, or partial adherence, can also have a 
negative impact on patient outcomes, resulting in 
progressive relapse (5). In turn, relapse is associated 
with an exacerbation of positive and negative 
symptoms as well as deterioration of functioning, an 
increase use of mental health resources, possible 
involuntary commitment, and medication resistance 
(6,7,8). The challenge of non-adherence in patients 
with schizophrenia has, in part, led to the 
development of long-acting injectable (LAI) 
antipsychotics, including paliperidone palmitate, 
which are designed to deliver medication over an 
extended period. 

Currently there are two LAI suspensions of 
paliperidone palmitate available in Canada, designed 
to be administered intramuscularly (IM) either 
monthly (i.e. INVEGA SUSTENNA®) or once every 
three months (i.e. INVEGA TRINZA®) in patients 
already established on INVEGA SUSTENNA® 

(9,10). The current paper will focus on the 
paliperidone palmitate once monthly (PP1M) 
formulation, although similar concepts might also be 
applied to other LAI products. PP1M has a unique 
sustained-release formulation, that allows for a once- 
monthly (every 4 weeks) dosing interval. The 
recommended initiation regimen for PP1M, is 150 
mg on treatment day 1 and 100 mg on day 8, both 
administered in the deltoid muscle. This regimen 
allows therapeutic concentrations to be reached 
rapidly without oral supplementation. The 
recommended   subsequent   monthly   maintenance 
dose is 75 mg; with a recommended dose range of 25 
mg to 150 mg based on individual patient tolerability 
and/or efficacy. 

Due to its extremely low water solubility, 
paliperidone palmitate dissolves slowly from where 
it is localized at the IM injection site. Once 
dissolved, paliperidone palmitate is hydrolyzed by 
esterases and the free paliperidone is absorbed into 
the systemic circulation. The absorption is rate- 
limited by its dissolution in the fluids at the 
injection site (11). 

The increase in paliperidone plasma 
concentrations over the first few days following 
administration is temporally related to the onset of 
efficacy, with continued improvement in symptoms 
over the following 2 to 3 weeks (12). The resulting 
relationship   between   the   Canadian   Reference 
Product PP1M formulation and therapeutic efficacy 
underlines the need to ensure that new formulations 
(“test” products) of paliperidone palmitate LAI 
products be therapeutically equivalent to the 
reference product, regardless of whether the new 
product is a subsequent-entry product (“generic 
product”) or a first-entry (“branded product”) 
undergoing a formulation change or a line extension. 

The United States (U.S.) Food and Drug 
Administration (FDA) considers “approved drug 
products to be therapeutic equivalents only if they are 
pharmaceutical equivalents for which 
bioequivalence has been demonstrated, and they can 
be expected to have the same clinical effect and safety 
profile when administered to patients under the 
conditions specified in the labeling” (13). A different 
approach is being taken in Canada where 
pharmaceutical equivalence has recently been 
redefined as “a new drug that, in comparison with 
another drug, contains identical amounts of the 
identical therapeutically active components, in 
comparable dosage forms, but that does not 
necessarily contain the same non-medicinal 
ingredients” (14). This newly introduced expansion 
of the definition of pharmaceutical equivalent that 
focuses on the therapeutically active components 
now allows for the inclusion of products with: 1) 
different  hydrated or solvated forms,  2) different 
polymorphic forms, and 3) different salt forms (14). 
However, the related draft guidance currently 
excludes products where the differences in the 
medicinal ingredients include: 1) different esters, 2) 
different complexes, 3) difference clathrates, and 4) 
different isomers or mixtures with different 
proportions of isomers (15). Other regulatory 
agencies categorize different salts or esters of the 
medicinal ingredient as pharmaceutical alternatives, 
as they are regarded as different active ingredients, 
and therefore not considered therapeutically 
equivalent. On the contrary, the revisions to the 
definition of pharmaceutical equivalent in Canada 
have expanded the term to include some of these 
forms, allowing for their consideration for 
therapeutic equivalence (13,14). 

Health   Canada   also   recently   revised   the 
Canadian     regulatory     standards     required     to
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BETWEEN

demonstrate bioequivalence for formulations used for 
systemic effects; however, the revised guidance 
specifically  excludes  injectable  IM  and 
subcutaneous (SC) products (16). As such, Health 
Canada has not published regulatory 
pharmacokinetic (PK) measures of bioequivalence 
for multiphasic injectable formulations such as 
PP1M, whereas other jurisdictions have issued 
product-specific bioequivalence requirements for 
PP1M (17,18). Despite some similarities in product- 
specific bioequivalence guidelines between the 
European Medicines Agency (EMA) and U.S. FDA, 
they do not align on all requirements. The greatest 
difference is that the U.S. FDA requires only one 
multiple-dose comparative bioavailability study, 
whereas the EMA requires both single- and multiple- 
dose studies. The objective of this paper is to identify 
the most appropriate bioequivalence metrics for 
paliperidone palmitate LAI products that would 
recognize PK differences which could adversely 
impact patients who either receive inadequate or 
excessive exposure to antipsychotic medication. 
Additionally, this paper assesses the current 
international bioequivalence guidelines for 
multiphasic products to determine whether any gaps 
exist when applied to new paliperidone palmitate LAI 
formulations being tested against the Canadian 
Reference Product PP1M formulation. 

CORRELATION  PLASMA 
CONCENTRATION AND THERAPEUTIC 
EFFECT 
The relationship between symptom control and PK 
profile of PP1M has been demonstrated in two 
studies which compared the plasma concentration 
and  efficacy  in  patients  treated  with  PP1M  or 
risperidone LAI (i.e. RISPERDAL CONSTA®) 
(12,19). A different initiation dosing regimen for 
PP1M was used in each study while the dose of 
risperidone LAI remained the same. The Positive and 
Negative Syndrome Scale (PANSS) was used to 
measure efficacy; a validated scale that measures 
specific domains of schizophrenia (20,21). 

The first study used the lower dose initiation 
regimen of PP1M (50 mg on day 1, and 50 mg on day 
8; both administered using the gluteal muscle), 
resulting in a delay in the onset of efficacy and a less 
pronounced overall reduction in the PANSS score as 
compared to risperidone LAI. The delay in onset of 
efficacy for PP1M was associated with the delay in 
the attainment of therapeutic plasma concentrations 
with this initiation regimen. Consistent  with sub- 

optimal plasma concentrations, the PP1M treated 
patients had a higher rate of discontinuation due to 
lack of efficacy, a lower responder rate, and less 
improvement in symptom severity (19). 

In the second study which used the current 
monograph recommended dosing regimen of PP1M 
(150 mg on day 1 and 100 mg on day 8; both 
administered using the deltoid muscle), a statistically 
significant reduction in the PANSS total score was 
observed by day 4 and continued to be reduced on 
days 15 and 22. This supports an early onset of 
efficacy, without the need for oral supplementation. 
In contrast, the other long acting injectables 
risperidone (RISPERDAL CONSTA®) and 
aripiprazole (ABILIFY MAINTENA®) require 
supplementation with oral medications to attain 
efficacious plasma concentrations early in treatment 
(12). 

Taken together, these studies demonstrate the 
relationship  between  plasma  concentrations  and 
efficacy     with     these     long-acting     injectable 
formulations. This early onset of efficacy is further 
supported in another analysis that looked at the 
response in the individual symptom domains of the 
PANSS (22). It was observed that the onset of 
response appeared to vary by symptom domain and 
may be partially driven by the change seen in 
uncontrolled hostility/excitement; a domain of the 
PANSS important for patient management (22). 
These results further support the relationship 
between PP1M plasma concentrations and onset of 
symptom control and efficacy (12,19). If a new 
paliperidone palmitate LAI formulation is 
developed with a different PK profile, it is 
possible that the time to observed efficacy would 
also be altered. 

BIPHASIC RELEASE PROFILE OF PP1M 
The   release   of   paliperidone   from   PP1M   
is characterized by a biphasic release profile: an 
initial zero-order release phase (i.e., the same 
amount of drug is released per day) during the first 
two weeks, and a subsequent first-order release 
phase (i.e., the amount released per day diminishes, 
proportionally to the amount left at the injection 
site) thereafter. Because absorption is rate-limited 
by its dissolution in the fluids at the injection site, 
PP1M exhibits “flip- flop kinetics”, whereby the 
apparent half-life (t½) is controlled by the absorption 
rate constant, ka (11). 

PP1M has an extremely low water solubility and 
thus dissolves slowly at the site of injection. 
Subsequently, PP1M, is hydrolyzed by esterases in 
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the muscle tissue and absorbed into the  systemic 
circulation as paliperidone. After an initial zero- 
order release phase, there is an apparent plateau at 
about day 15, followed by a mono-exponential decay, 
visible as a straight line on this semi-log scale as seen 
in Figure 1 (11). 

Figure 1. Logarithmic plot of mean concentration-time 
profiles for single IM doses of PP1M via the deltoid 
muscle on day 0. Arrows indicate pharmacokinetic 
profiles reached  an  apparent  plateau by  day 15  (11). 
Reprinted by permission from Springer Nature Customer 
Service Centre GmbH: Springer Nature, Clinical 
Pharmacokinetics, Population Pharmacokinetics of 
Intramuscular Paliperidone Palmitate in Patients with 
Schizophrenia, Mahesh N. Samtani, An Vermeulen, Kim 
Stuyckens, Adis Data Information BV, (2009). 

A population PK model that was based on pooled 
data from 1795 subjects in 6 phase I, 1 phase II, and 
4 phase III trials determined a complex biphasic 
release pattern of PP1M (11). The absorption was 
modeled with a dual input process; where a fraction 
of the drug entered relatively quickly via a zero-order 
process and after a certain lag-time, the remaining 
fraction of the drug then entered the systemic 
circulation via a first-order process. This model 
estimated that approximately 17% of the adminis- 
tered drug entered the systemic circulation via a 
relatively fast zero-order input over the first 13 
days, and the remainder of the drug entered after 
a lag time into the circulation via a slower first-
order process. 

EFFECTS OF MANUFACTURING
PROCESSES ON THE PK PROFILE OF PP1M 
As mentioned above, the rate-limiting factor for the 
absorption   of   paliperidone   into   the   systemic 
circulation is   the dissolution   of   the  paliperidone 

palmitate at the site of injection. This is largely 
determined by the particle size of PP1M. In 
this regard, particle size drives the release rate, 
with smaller particles (smaller volume and larger 
surface area) dissolving faster. 

The particle size distribution  and 
particle morphology of PPIM is determined by 
operating conditions used to manufacture the 
final product. A key step in the manufacture of 
PP1M is the wet milling of the palmitate 
ester of paliperidone (prodrug) into an aqueous 
nanosuspension, with nanocrystals 
being approximately tenfold smaller than 
particles found in the standard drug powder. 
Undoubtedly, using a different technology and 
milling procedure could result in a different 
particle size distribution and morphology. 

The effects of different manufacturing 
processes on   the   PK   profile   of   paliperidone   
palmitate formulations were assessed during early 
development studies for PP1M. Figure 2 shows a 
series of different median PK profiles using a 50 
mg strength with formulations of different particle 
sizes, which resulted from variations in the 
manufacturing process. The particle sizes of the 
four paliperidone palmitate formulations 
decreased in size from extra slow which has 
the largest particle size to fast which has 
the smallest particle size; i.e. extra 
slow> slow> marketed>fast. It is clear that 
particle size had a considerable effect on the 
PK profile of paliperidone palmitate. 

It is essential to note that this effect is 
not dose related as all subjects received 50 mg. 
Thus, the PK profile is  reflective  of  
the  milling  process (or manipulation) of 
the particle size. Furthermore, no dose 
adjustment of a formulation having different 
particle sizes could compensate for the differences 
in the PK profile. This is because changes 
in particle size  independently  affect  the  
initial  increase  in plasma concentration as 
well as the  concentration  at  the  end  of the 28-day
dosing interval (see Figure 2). In other words, 
changing the particle size  affects  the  initial  
release  rate, with smaller particles (smaller 
volume and larger surface area) dissolving 
faster compared to a formulation having  a larger  
particle size. Furthermore, with increasing 
particle size, the maximum observed 
concentration (Cmax) decreases and the time 
when Cmax is reached (Tmax) increases (see 
Figure 2). Without suitable controls on these 
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Figure 2. Data on file from PSY-1002 Randomized, open-label, parallel-group study (paliperidone palmitate 50 mg) to 
explore the in vitro/in vivo correlation of paliperidone palmitate formulations after a single IM gluteal injection. Day 28 
marks when the next dose would be expected to be administered (9). 

manufacturing    processes,   the    rate of  release 
of paliperidone from the IM injection site with 
a new formulation of a paliperidone palmitate 
LAI product could result in substantial 
PK differences from the Canadian Reference 
Product that could, in turn, impact efficacy and 
patient tolerability. 

ZERO-ORDER RELEASE PHASE - POTENTIAL 
CLINICAL CONSEQUENCES OF 
FORMULATION CHANGES ALTERING THE 
PK PROFILE OF PP1M 

Inadequate Paliperidone Delivery; e.g. “slow” or 
“extra slow” 
If a new formulation of a paliperidone palmitate LAI 
product    was    produced    under    manufacturing 
conditions  that  altered  the  systemic  exposure  of 
paliperidone in a manner similar to the “slow” or 
“extra slow” formulation in Figure 2, this could delay   
the   time   to   reach   therapeutic   plasma 
concentrations as seen in the first few days with 
PP1M. In other words, patients initiated on a new 
formulation of a paliperidone palmitate LAI product, 
whether a subsequent-entry (generic) product or a 

reformulated first-entry (brand) product, possessing 
a slower or delayed rate of paliperidone release 
could experience subtherapeutic paliperidone 
plasma concentrations and thus compromise 
clinical outcome. From a clinical perspective, 
subtherapeutic plasma concentrations of 
antipsychotic treatment have resulted in higher 
rates of relapse and hospitalization (23,24). 
Consequently, relapse in and of itself is associated 
with: 1) significant impairment in social and 
vocational functioning, 2) caregiver burden, 3) 
hospitalization, and 4) increase the risk of suicidal 
and violent behaviors (7). 

Given that the approved dosing regimen for 
PP1M does not include oral supplementation, 
a delayed rate of release with a new formulation of 
a paliperidone palmitate LAI product might result 
in subtherapeutic drug plasma concentrations for 
days after initiating treatment. However, in the 
case of patients stabilized on PP1M and switched to 
a new formulation of a paliperidone palmitate 
LAI product with a delayed rate of release, the 
clinical consequences may not become evident 
until after several dosing intervals, due to the long  
apparent t½ of paliperidone palmitate LAIs.
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Rapid Rate or Excessive Paliperidone 
Delivery; e.g., "fast"
In contrast to the previous scenario, it is also possible 
that under different manufacturing conditions, a new 
formulation of a paliperidone palmitate LAI product, 
whether a subsequent-entry (generic) product or a 
reformulated first-entry (brand) product, might also 
produce   a   faster   rate   of   paliperidone   release 
resembling the “fast” developmental example shown 
earlier in Figure 2. Short excursions above the 
therapeutic plasma concentration of paliperidone 
could result in clinically meaningful adverse events 
including sedation, QT prolongation, tachycardia, 
hypotension,  hyperprolactinemia,  and 
extrapyramidal symptoms (EPS). 

Although the  potential  of EPS  is  lower  with 
second-generation antipsychotics relative to the first- 
generation  antipsychotics,  it  can  occur  at  higher 
plasma concentrations (25). To illustrate this point, a 
pharmacodynamic model was developed to assess 
the  risk  of  EPS  at  average  steady-state  plasma 
concentrations of paliperidone. The model was based 
on data from studies with a six-week treatment period 
using fixed oral doses of paliperidone and revealed a 
steep concentration-response profile for EPS with 
paliperidone extended-release (ER) (26). The risk of 
EPS resembled that of placebo, when the plasma 
concentrations were below 20 ng/mL. As the steady-
state plasma concentration was increased, in the 
range  of  20  and  40 ng/mL,  the  risk of  EPS 
increased to maximum level with a factor of about 
2.8 (relative to placebo). This is clinically relevant as 
individuals who develop pseudo-parkinsonism 
during acute treatment are less likely to respond to 
the treatment (27). Thus, a new formulation of a 
paliperidone palmitate LAI product with even small 
deviations in plasma profile (owing to a different 
manufacturing  process)  from  the  Canadian 
Reference Product could substantially increase the 
risk of clinically meaningful adverse experiences 

FIRST ORDER RELEASE PHASE -POTENTIAL 
CLINICAL CONSEQUENCES OF 
FORMULATION CHANGES ALTERING THE 
PK PROFILE OF PPIM

Maintaining  the  plasma  concentration  within  the 
therapeutic range until the next dose is administered 
is   also   important.   Changes   in   manufacturing 
procedures that impact the particle size distribution 
could potentially lead to changes to the absorption 
rate of paliperidone resulting in the plasma 
concentrations dropping below the therapeutic range 
before  the next dose is  administered, or conversely,  
resulting in higher plasma concentrations when the next 
dose is administered. 

     Differences in the first-order release phase with a 
new formulation of a paliperidone palmitate LAI 
product also has potential ramifications when 
switching   between   products.   A  2016   systemic 
review of data looking at the clinical and 
pharmacological aspects of bioequivalence for 
antipsychotic and antidepressants suggests that 
healthcare professionals should monitor patients for 
a few weeks after conversion to a generic product to 
identify if there is a deterioration of the patient’s 
clinical state or if serious adverse events occur and 
evaluate if a dose adjustment is required and/or if the 
reference product should be reintroduced (28). It is 
important to ensure that a new formulation of a 
paliperidone palmitate LAI product does not release 
substantially less drug over the dosing interval, and 
to ensure similar trough levels of paliperidone in 
order to maintain the 4-week dosing interval. Thus, 
the first-order release phase of PP1M is important to 
ensure that a stable, safe, and effective therapeutic 
plasma concentration is maintained over the entire 
dosing interval. 

EMA & U.S. FDA PRODUCT SPECIFIC 
GUIDELINES 

Considering  the  complex  biphasic  PK  profile  of 
PP1M and the potential clinical consequences of a 
new formulation of a paliperidone palmitate LAI 
product  possessing  a  different  particle  size,  it  is 
important to ensure that any changes in formulation 
result in a therapeutically equivalent product. To this 
end, it is interesting to note that the approaches used to 
ensure that bioequivalence is a suitable predictor of 
therapeutic equivalence are not harmonized across 
regulatory jurisdictions. Both EMA and U.S. FDA 
have issued product-specific bioequivalence 
guidelines for new formulations of a paliperidone 
palmitate LAI product; however, these guidelines do 
not align on specific requirements. Although both 
EMA and U.S. FDA require a multiple-dose study to 
demonstrate bioequivalence, which would support 
switching   between   formulations   at   steady-state 
(17,18), the EMA guideline also requires a single- 
dose study. In addition, the EMA guidelines have 
been  adopted by  the Therapeutic Goods  Administra-
tion   of   Australia  which  is  one   of  the    health  
regulatory agencies within    the Australia, 
Canada, Singapore, Switzerland Consortium 
whose focus of regulatory work  sharing   initiatives 
include generic medicines (29).  A comparative 
summary   of the EMA,  U.S. FDA,   and  Canadian 
guidelines, and definitions of the pharmacokinetic 
parameters, is provided in the Supplementary 
Material and a brief overview of the guidelines is 
provided below.
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   Of interest, the draft EMA guideline dated Aug. 
1, 2016 was more closely aligned to the U.S. FDA 
requirements than the Adopted EMA Guideline 
(Effective: Sept. 1, 2017) (18,30). However, the 
EMA guideline underwent an important revision 
following stakeholder consultation, with the original 
requirements being augmented to include a single- 
dose bioequivalence study, in addition to the 
multiple-dose study required in the earlier version. 
The following excerpt from the Committee for 
Medicinal Products for Human Use (CHMP) 
response to stakeholder comments on the draft 
guidance provides some background on the EMA 
requirement to conduct single-dose bioequivalence 
studies (31): 

 “Acknowledged   that   single-dose   studies   in
patients stabilized on other antipsychotic drugs
are possible to conduct

 Differences in the initial release phase may be of
importance for efficacy and safety at least for
initial treatment and after switching from oral
paliperidone

 It is uncertain if a multiple-dose bioequivalence
study will be able to detect a clinically relevant
difference in the absorption rate. As a
precautionary measure, it is agreed that waiving
of a single-dose bioequivalence study is not
recommended.”

   The parameters required by the EMA for the 
analysis of the single-dose study include Cmax, 
AUCinf , and AUC0-t with the addition of Tmax 

(median and range). The addition of Tmax is to 
determine whether a relevant difference in the rate 
of absorption and lag time is observed. 

For the multiple-dose studies, both agencies allow 
either crossover or parallel designs, conducted in 
patients  with  schizophrenia  or  schizoaffective 
disorder. However, the EMA guideline permits studies 
in  patients  stabilized  on  another antipsychotic 
medication, while the U.S. FDA recommends against 
this practice. Only the U.S. FDA guideline indicates 
that both the gluteal and deltoid sites of injection are to 

be included in the study design. The dosage 
strengths recommended for bioequivalence studies 
also differ, with the EMA allowing any strength 
to be used, provided the test product has the same 
concentration of active substance as the reference for 
all the strengths. Although, the U.S. FDA also allows 
in vivo testing of a single dosage strength and a 
waiver of testing for the remaining strengths,  the  
U.S.  FDA  guideline specifies that an acceptable 
bioequivalence study must be completed with the 156 
mg/mL strength (i.e. 100 mg eq. paliperidone).1

Both the EMA and U.S. FDA require 
determination of the peak (Cmax,ss  and Cmax ss, 
respectively) and trough (Cτ,ss  and Cmin ss, respectively) 
levels at steady-state, as well as the area under the 
curve during a dosing interval at steady-state (AUC0-τ 

and AUCτ, respectively). The only major difference is 
the U.S. FDA’s requirement for a fluctuation term as 
part of the multiple-dose assessment where the actual 
parameters must fall within the 80-125% range for 
determination of bioequivalence. 

RELEVANT CANADIAN GUIDANCE 

There are no product-specific guidance documents 
for modified-release injectable dosage forms, 
including PP1M, in Canada. Although only the 
branded PP1M, INVEGA  SUSTENNA®,  is 
currently available in the Canadian market, it is not 
transparent what PK metrics Health Canada would 
apply to a new formulation of a paliperidone 
palmitate LAI product referencing INVEGA 
SUSTENNA®. Health Canada recently revised
the Canadian regulatory requirements for oral 
dosage formulations recognizing additional 
metrics are needed to ensure bioequivalence of 
more complex products; however, like the 
previous version, the revised guidance specifically 
excludes injectable IM/SC products from its scope 
(16). The 1990 policy on Submissions for 
Generic Parenteral Drugs includes the 
requirement for “clinical trials establishing 
safety and effectiveness of the product” (32). 
Being    a   suspension,    it   would  appear  that   PPIM

1. For international comparisons, Canadian and European doses are based on paliperidone, whereas U.S. doses are based on paliperidone
palmitate. The syringes contain 25 mg/0.25 mL, 50 mg/0.5 mL, 75 mg/0.75 mL, 100 mg/1 mL or 150 mg/1.5 mL paliperidone [as 39, 78,
117, 156 or 234 mg of paliperidone palmitate, respectively].  Canadian and European doses are sometimes described as “paliperidone
palmitate equivalent to paliperidone” e.g. 150 mg eq. Paliperidone. Thus, the U.S. initiation regimen is identical to Canadian and European
regimens but is described in terms of paliperidone palmitate as 234 mg on treatment day 1 and 156 mg for the second injection.
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would fall in Category IV and that the only 
guidance is “a written opinion on special 
requirements for individual products will be 
provided on request…” as noted in the table in the 
Supplementary Material. Development of specific 
guidance for modified-release injectable dosage 
forms would appear consistent with Health 
Canada’s Regulatory Transparency and Openness 
Framework and Action Plan as it outlines a 
commitment to “Make coherent, targeted efforts 
to help industry fulfill their responsibilities to 
provide safe and effective products by providing up-
to-date information and guidance” (33). 

The lack of guidance in Canada in the area of 
oral modified-release products with multiphasic 
plasma concentration profiles linked to product 
efficacy has already been seen in the area 
of Attention-deficit/hyperactivity disorder 
(ADHD). In this case, some patients saw their 
condition destabilize once they were switched from 
OROS® methylphenidate to another listed 
bioequivalent generic methylphenidate product 
(34,35). In the United States, the  FDA became  
concerned  about generic methylphenidate products 
that may not be therapeutically equivalent to the 
reference product after receiving reports from 
patients indicating a lack of effect (36). The U.S. 
FDA identified two generic methylphenidate 
products that had insufficient data to determine 
therapeutic equivalence with the reference product. 
As such, the FDA requested that data be provided to 
confirm they meet the revised measures put in place 
for bioequivalence testing for methylphenidate 
hydrochloride ER tablets (37,38). As noted earlier, 
Health Canada has recently revised the Canadian 
regulatory requirements for oral and non-injectable 
formulations and included the measurement of partial 
AUC (pAUC) for modified- release dosage forms. 
However, unlike the direction taken by the U.S. FDA, 
the requirement to meet the revised measure (i.e. 
pAUC) has not been implemented in Canada for 
existing marketed methylphenidate hydrochloride ER 
products. Had additional PK metrics, such as pAUC, 
been considered  when subsequent-entry 
methylphenidate  ER  products   were first  evaluated,

indifferences  PK parameters and 
bioequivalence between formulations might have 
been observed (39). The need for the addition of 
pAUC metrics to discriminate between modified-
release products has been  implemented  by  the   U.S.

FDA for other medications as well; e.g.,   
zolpidem ER, dexmethylphenidate, mixed 
amphetamine salts, mesalamine, methylphenidate 
hydrochloride ER suspension, naltrexone ER IM, 
octreotide acetate, triptorelin pamoate, and 
budesonide (40). 

There are proposed changes in Canada where a 
declaration  of  equivalence  could  be  given  to  a 
subsequent-entry IV product that is a 
different salt form  of  the  medicinal  ingredient  as  
long  as  the therapeutically active 
component is chemically identical to the 
reference product (14,15). However, a recent 
review highlights the impact that a chosen salt 
form can have on the physiochemical and 
biological properties of the active 
pharmaceutical ingredients (41). In this regard, 
the salt form chosen can  impact  the  drug’s  
polymorphism,  solubility, particle size, stability of 
formulation, as well as other criteria that have an 
effect on the physiochemical properties which 
can influence the release of the product.  In 
contrast to different salt forms, the draft guidance 
in Canada currently does not consider 
subsequent-entry (generic) products with 
different esters eligible to be filed via the 
Abbreviated New Drug Submissions regulatory 
pathway. This component of the guidance is 
consistent with earlier data on the clinical 
pharmacokinetics of depot antipsychotics, which 
indicated that the use of different esters in a 
formulation can result in a change in the plasma 
concentration-time profile (42). For 
example, the time to reach peak plasma 
concentrations of fluphenazine,  a depot   antipsycho-

to be different between the tic, was seen 
decanoate and enanthate ester forms 
(42). Fluphenazine decanoate was shown to 
reach peak concentrations earlier than 
fluphenazine enanthate and the appearance of EPS 
was also seen to occur earlier with the decanoate 
form in a timeframe that corresponded to 
the observation of peak plasma levels (42). 
Taking this evidence into account, new 
formulations   of   a   paliperidone   palmitate   
LAI product with a different ester of the 
medicinal ingredient would also need to be 
carefully evaluated to determine whether 
changes to the ester moiety impact the plasma 
concentration-time profile, which in turn could 
impact the patient outcomes. The known 
examples of situations where a change in the
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salt  form  of  the  medicinal ingredient can  affect a 
compound’s physiochemical and biological 
properties, raise questions about the divergent 
approaches proposed for  of determination=
equivalence of molecular entities with different salts 
versus those having different esters. 

Establishing clear, transparent standards for new 
formulations of paliperidone palmitate LAI products 
in Canada, whether this is a stand-alone guidance or 
a revision to the existing guidance for oral and non- 
injectable formulations to include multiphasic and 
biphasic IM/SC products, would be consistent with 
Health    Canada’s    initiative    around    regulatory 
openness and transparency by providing up-to-date 
information  and  guidance  to  industry  to  ensure 
Canadians are provided with safe health products. If 
the bioequivalence standards are less than optimal to 
ensure that products deemed interchangeable are 
truly therapeutic equivalents, then the undetected 
differences in PK profiles could result in clinically 
important differences in safety and efficacy and 
impact patient outcomes. 

PROPOSAL FOR CANADIAN    
BIOEQUIVALENCE STANDARD  FOR LAIS

Multiple-dose bioequivalence studies to  be 
required to demonstrate bioequivalence of PP1M 
products in Canada 

As noted earlier, EMA and U.S. FDA guidelines 
require a multiple-dose study to demonstrate 
bioequivalence for new formulations of a 
paliperidone palmitate LAI product. The current 
Health Canada guidance indicates that steady-state 
studies for oral modified-release products are 
generally not required and as noted earlier there is no 
stated guidance for modified-release injectable 
dosage forms. However, the guidance document on 
conducting comparative bioavailability studies states 
the following when designing such studies: “A cross- 
over design without a drug-free period between 
formulations may be employed for studies conducted 
in patients in whom it would be unethical to 
discontinue treatment during a washout period. 
Instead of a drug-free washout period, the study 
drugs are administered long enough, prior to 
sampling, to allow elimination of the previously 
administered formulation” (43). 

For paliperidone palmitate LAI products, 
multiple-dose studies could assist in assessing 
bioequivalence by determining any fluctuations in 
concentration during the first-order release phase. 

Endrenyi and Tothfalusi outlined the importance of 
considering multiple-dose studies to assist with 
ensuring therapeutic equivalence when different 
release characteristics of two products would be 
amplified at steady-state (44). Bois et al. evaluated 
several approaches to measure the rate of absorption 
using simulations in single-dose studies and 
concluded that the current rate measures are not 
sensitive enough to detect a 25% difference in the 
absorption rate constant, ka. Furthermore, looking 
specifically at Cmax, they noted that even differences 
in the absorption rate above 25% are not observed 
due to the low sensitivity of Cmax  (45). The zero- 
order and first-order release phases of PP1M are 
independent of each other; thus it is likely that a 
single-dose study would not have the sensitivity to 
detect   differences   in   PK   parameters   that   are 
governed by the particle size distribution in the 
product formula. 

To investigate this possibility, a switching 
scenario  was  simulated  to  determine  whether  a 
product with altered release properties but the same 
Cmax and AUC (after single dosing) could, upon 
switching, alter the pharmacokinetic profile during 
subsequent dosing cycles (46). This simulation was 
performed using the validated PP1M population PK 
model.  The  simulation  pictured  in  Figure  3  for 
products with the same Cmax and AUC (after a single 
dose),  but  with  a  lower  first-order  release  rate 
(characterized by the absorption rate constant, ka), 
demonstrates significant differences in Cmin (-24% to 
-69%)   that   could   potentially   impact   clinical
effectiveness after subsequent dosing cycles.

A switching study (such as a steady-state cross- 
over study) may also enable detection of differences 
in absorption rate secondary to modified 
formulations such as injection volume, as well as site 
of administration, provided that transient Cmin, Cmax 

and AUCtau  are thoroughly evaluated by extensive 
PK sampling during early dosing intervals after the 
switch (see Figure 3). This simulation demonstrates 
that switching can result in significant changes in the 
systemic drug concentrations for a prolonged time 
period after switching. A lower Cmin results in less 
exposure that can put patients at risk for relapse if 
they are below the therapeutic plasma concentration. 
Conversely, the effect of a faster rate of absorption 
of a new formulation of a paliperidone palmitate LAI 
product compared to PP1M could increase the risk of 
clinically meaningful adverse experiences.

Frequent early sampling after a switch to ensure 
steady state has been reached is consistent with the 
recommendation in the U.S. FDA product-specific 
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Figure 3. Concentration-time Profile upon Switching from PP1M to another Paliperidone Palmitate LAI Product with 
Lower Absorption Rate Constant (ka). KA is a percentage of ka of INVEGA SUSTENNA® (46). 

guideline on Paliperidone Palmitate, Extended 
Release   Suspension,  Intramuscular  that   “PK 
data should be submitted to demonstrate that 
steady state has been reached for each 
individual.” (17).      Application of  a  multiple-dose 
study to  determine  the    bioequivalence   of   a   new 
formulation of a paliperidone palmitate LAI product 
would be consistent with both EMA and U.S. FDA

 product would be   consistent with both EMA and 

produc-specific guidelines. Thus, a switching 
study would allow for detection of differences 
in ka  that could be   amplified in steady-state 
when a patient is switched from the   
Canadian Reference  Product  to a new  
formulation  of a paliperidone palmitate LAI product. 

However, a multiple-dose study is unlikely to 
detect changes in the initial zero-order release phase 
which is important for patients initiating treatment or 
switching from oral paliperidone as there is no oral 
supplementation with PP1M. A delayed rate of 
release with a new formulation of a paliperidone 
palmitate LAI product might result in subtherapeutic 
paliperidone plasma concentrations for days after 
a patient has been initiated on treatment. Thus, 
a single-dose study is also recommended.  

Single-dose bioequivalence studies incorpo- 
rating partial AUC metrics to be required to
demonstrate bioequivalence of PP1M 
products in Canada

The EMA guidance for single-dose studies would be 
expected to be very effective for ensuring 
bioequivalence of different formulations of 
paliperidone palmitate LAI. However, a potential 
limitation is the reliance on Tmax to ensure that a new 
formulation of a paliperidone palmitate LAI product 
has a clinically comparable onset of efficacy.
    Evaluating IM/SC LAI products solely on the 

bioequivalence criteria of Cmax and AUC to the last 
quantifiable concentration (AUCT) in the fasted and 
fed conditions, may not detect potentially significant 
and clinically meaningful differences stemming from 
different PK profiles of PP1M and a new formulation 
of a paliperidone palmitate LAI product with a 
different particle size distribution and/or particle 
morphology. The total extent of the exposure 
determined by these metrics (Cmax and AUCT) may 
be the same for two products, but the exposure during 
specific time intervals that are clinically relevant may 
not be the same, as depicted in Figure 4. 
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Figure   4 shows median  concentration-
time profiles of patients who received 150 
mg PP1M (PSY-1004 study) and 
simulated profiles to demonstrate that there can 
be a delay in attaining therapeutic plasma 
concentrations, despite identical Cmax and AUC. 
Most noteworthy in the context of the EMA 
guideline is the Simulation 1 curve. Despite 
having an identical Tmax compared to PP1M, the 
time to attain a therapeutic level is delayed. A 
different concentration profile would be 
especially problematic if patients on PP1M were 
switched to a new formulation of a paliperidone 
palmitate LAI product with different release 
properties, resulting in patients undergoing 

inadequate paliperidone 
result     in decreased 

periods with 
release that   could

“Modified-release products with multiphasic 
plasma concentration profiles demonstrated to be 
integral to their therapeutic effect will be subject to 
standards on the partial area under the 
concentration versus time curve (pAUC), defined 
over a restricted time interval(s) after drug 
administration” (16). These standards will be 
applied in addition to those normally    applied     
in     the    assessment  of    bioequivalence (i.e. AUC 
and Cmax). Health Canada has recognized the need 
for additional metrics (pAUC) for modified-
release products but as currently written, this 
guidance applies only to oral and non-injectable 
formulations. However, the requirements of the 
guidance could also be applied to the complex 
biphasic profile of PP1M, given the temporal  
relationship between  plasma concentrations 
and clinical efficacy seen with this once 
monthly regimen. To illustrate, the same 
median    concentration-time   profile     from     Figure 4  

 efficacy and clinically significant relapses.
   The recently revised Canadian guidance on 
comparative bioavailability standards, indicates that

Figure 4. Median concentration-time profiles of patients who received 150 mg PP1M and simulations
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Figure 5. Mean Plasma Paliperidone PK Profile following Deltoid Muscle Administration of 150 mg PP1M with the 
Proposed Bioequivalence Metrics pAUC0-3 days and pAUC0-28 days

(PSY-1004) is shown in Figure 5, only this time 
with two proposed pAUC metrics. 

   As illustrated in Figure 5, inclusion of the 
additional bioequivalence metric of pAUC0-3 days 

would ensure that the plasma concentration 
has risen sufficiently in the first 3 days after 
administration to support the early onset of clinical 
efficacy by day 4. This time frame is also of interest 
as the second dose of the recommended initiation 
regimen is 1 week after the initial dose. As such, 
this pAUC falls near the mid-point of the 
initiation dosing interval. Physicians using 
PP1M would rightfully expect to see 
efficacy with a new formulation of a 
paliperidone palmitate LAI product in a  
similar  timeframe  as PP1M, the Canadian 
Reference Product. However, a new 
formulation of a paliperidone palmitate 
LAI product possessing a delayed PK profile 
may lead a physician to conclude that the 
patient was unresponsive to treatment, when in 
fact, the lack of response may be the result 
of altered pharmacokinetics, (and thus 
bioequivalence), resulting from a varied 
formulation or manufacturing process of the new 
formulation of a paliperidone palmitate LAI 
product. Additionally, evaluation of early exposure  

would identify the potential for dose dumping.
 The second metric illustrated in Figure 

5, pAUC0-28 days, provides a measure of 
the extent of paliperidone exposure by the end of 
the first dosing interval on day 28. The first-
order release phase is important to 
maintain a therapeutic plasma concentration 
by providing a constant release of drug until 
the next monthly injection. 

Given the importance of these timepoints to the 
onset  and  maintenance  of  paliperidone  plasma 
concentrations associated with 
efficacy, we recommend including the 
illustrated pAUC metrics (i.e., pAUC0-3 days, 
pAUC0-28 days) in the assessment of 
bioequivalence of a new   formulation   
of a paliperidone palmitate LAI product to a 
Canadian Reference Product PP1M formulation. 
The first ensures the early increase in plasma 
concentrations, which is closely linked to the onset 
of efficacy, and the second ensures plasma 
concentrations are adequately maintained within 
the therapeutic range until the next dose is 
administered. The use of pAUCs is 
consistent with Health Canada’s recent 
modification to bioequivalence standards for 
oral dosage forms of multiphasic modified-
release   products     that have plasma concentration 
profiles that are integral to their therapeutic effects. 
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Based on the  results  of simulations,  it  is  
believed  that  pAUC metrics would be 
more reliable in ensuring therapeutic 
equivalence of these complex LAI products 
than Tmax. 

SUMMARY 

LAI formulations are important for ensuring 
adherence in  patients with  schizophrenia.  Studies 
have shown that there is a positive impact to patient 
adherence and persistence with PP1M versus oral 
atypical antipsychotic therapy. 

PP1M’s efficacy is closely related to its 
biphasic PK profile. PP1M is designed for rapid 
attainment of therapeutic plasma concentration 
without the need for   oral   supplementation,  and   
for   maintaining therapeutic plasma concentrations 
until the next dose is administered. Technology 
and operating conditions used in the 
manufacturing of paliperidone palmitate LAI 
products can affect the nanoparticle size 
distribution, which can in turn alter the release rate, 
and ultimately PK profile. Changes affecting the 
PK profile of a new formulation of a 
paliperidone palmitate LAI product could potentially 
have clinical consequences, including increased 
risk of adverse events or, even worse, relapse. 

Health Canada has already recognized the need 
for additional  metrics (i.e.,  pAUC) for modified- 
release products. Requiring pAUC as a prerequisite 
to assess bioequivalence would ensure that new 
formulations of paliperidone palmitate LAI products 
manufactured with potentially different technologies 
are bioequivalent to the Canadian Reference Product 
PP1M formulation during both the initiation 
treatment period (measured by pAUC0-3 days) and over 
the entire dosing interval (measured by pAUC0-28 days). 
Furthermore, multiple-dose studies would serve to 
ensure that patients would not be exposed to 
subtherapeutic paliperidone concentrations for a 
period of time after switching from the Canadian 
Reference Product, which could result in 
destabilization and relapse. The introduction of 
prescriptive new standards in Canada (see 
Recommendations) to determine the bioequivalence 
of   paliperidone   palmitate   LAIs   would   be   a 
significant step towards ensuring new formulations 
of a paliperidone palmitate LAI product 
are therapeutically equivalent allowing patients 
to receive the full benefits of the medication 
whether this is a newly diagnosed patient, or a 
patient already stabilized on therapy. 

RECOMMENDATIONS 

 It is recommended that the EMA and U.S. FDA
product specific guidelines for paliperidone
palmitate LAI be used as the basis for Canadian
standards to ensure therapeutic equivalence when
switching between formulations at steady- state

 It     is     recommended     that     Canada     use
bioequivalence standards similar to those in the
EMA, which require a single-dose study, in
addition to a multiple-dose study

 It is recommended to replace the requirement for
Tmax  (from the EMA guideline for the single- 
dose  study)  with  pAUC metrics, as  it  would
more reliably ensure predictable and replicable
plasma concentrations for patient dose responses
at varying times in their treatment

 It is recommended that the following metrics be
applied to new formulations of paliperidone
palmitate LAI products to assess bioequivalence
to the Canadian Reference Product PP1M
formulation:

1. A   single-dose   cross-over,   comparative
bioavailability study, including evaluation of the
following: AUC0-t, AUCinf, Cmax, and the specific
partial AUC metrics, (i.e., pAUC0-3 days and
pAUC0-28 days) reflecting the product’s biphasic
PK profile;

2. A  multiple-dose,  cross-over,  switching  study,
with evaluation of the following individual and
mean steady-state parameters: Cmin,ss, Cmax,ss
and AUCτ. Extensive sampling is recommended
during  early  dosing  intervals  after  switching,
with monitoring of Cmin, Cmax   and AUCtau over
at least 3 dosing intervals to ensure steady-state
has been attained.

For each of these parameters (AUC0-t, AUCinf,
Cmax, pAUC0-3 days, pAUC0-28 days, Cmin,ss, Cmax,ss
and AUCτ), it is proposed that the 90%
confidence interval of the ratio of the relative
means of the new formulation of paliperidone
palmitate  LAI  product  to  the  Canadian
Reference  Product  PP1M  formulation  should
fall within 80% - 125%.
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SUPPLEMENTARY MATERIAL 

Comparative Summary of Bioequivalence Requirements for Paliperidone Palmitate LAI in Australia, 
Europe, United States, and Canada 

No international consensus exists on bioequivalence requirements for paliperidone palmitate LAI. The EMA and 
U.S. FDA have each issued their own product-specific guidelines for new formulations of a paliperidone palmitate 
LAI product referencing INVEGA SUSTENNA®, Australia has adopted the EMA guidelines, and Health Canada 
has not published guidelines for generic parenteral drugs that are modified release preparations, guidelines are 
summarized in Table 1 (17,18,29,32). Note that the EMA and U.S. FDA guidelines have important differences in 
several specific requirements.  A list of the cited pharmacokinetic parameters and related definitions is provided 
in Table 2. 

Table 1. Comparative Summary of Bioequivalence Guidelines for Paliperidone Palmitate LAI1

EMA U.S. FDA Canada 
Bioequivalence 
study design 

Cross-over or parallel design2 Cross-over or parallel design Category IV products – 
Need to request information. 

Single dose: in healthy volunteers (if 
feasible) or patients stabilized on other 
antipsychotic medication. 

Multiple dose: in patients. 

Single dose:  N/A 

Multiple dose: steady state 

Subjects In healthy volunteers (if feasible) or in 
patients stabilized on other 
antipsychotic medication. 

Male and nonpregnant female 
patients with schizophrenia or 
schizoaffective disorder who are 
already receiving a stable regimen 
of paliperidone palmitate extended 
release suspension via the 
intramuscular route. Patients who 
are already receiving any dosage 
regimen of paliperidone palmitate 
injection every month would be 
eligible to participate in the study 
by continuing their established 
maintenance dose. 
(1) FDA does not recommend that
studies be conducted using healthy
subjects or patients on a different
antipsychotic treatment.
(2) Both sites of injection (gluteal
and deltoid) should be included in
the study design for adequate site
representation to support the results
of the study.
(3) More than three doses may be
required to reach steady state. PK

1 Australia has adopted the EMA guidance: Paliperidone palmitate depot suspension for injection 25 mg, 50 mg, 75 mg, 100 mg and 150 mg product- 
specific bioequivalence guidance. 
2 As intra-subject variability of the reference product was not reviewed to elaborate this product-specific bioequivalence guideline, it is not possible to 
recommend at this stage the use of a replicate design to demonstrate high intra-subject variability and widen the acceptance range of Cmax, Cτ,ss and 
partial AUC. If high intra-individual variability (CVintra > 30 %) is expected, the applicants might follow respective guideline recommendations.
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  EMA   U.S. FDA   Canada 
data should be submitted to 
demonstrate that steady state has 
been reached for each individual. 
(4) All strengths of the test product
need to be from the same bulk in
order for all strengths of the Test to
be administered in the PK BE
 study.

Strengths Any dose/strength (if the test product 
has the same concentration of active 
substance as the reference for all the 
strengths) 

39 mg/0.25 mL, 78 mg/0.5 mL, 117
mg/0.75 mL, 156 mg/mL, 234
mg/1.5 mL

Waivers  If a single-dose study with the highest 
strength has shown that there is low 

Waiver request of in vivo testing: 
39 mg/0.25 mL, 78 mg/0.5 mL, 117

risk of accumulation (i.e. AUCτ > 90 % mg/0.75 mL, and 234 mg/1.5 mL
of AUCinf), the multiple-dose study 
may be waived. If low degree of 
accumulation is expected, the 
applicants might follow respective 
guideline recommendations. 

(if not studied in vivo) based on (i) 
acceptable bioequivalence study on 
the 156 mg/mL strength, (ii) 
acceptable in vitro dissolution 
testing of all strengths, and (iii) 
proportional similarity of the 
formulations across all strengths.

Analyte3 Metabolite (paliperidone) measured 
from plasma/serum (Bioequivalence 
should be based on paliperidone) 

Paliperidone in plasma

Bioequivalence 
assessment 

Main pharmacokinetic variables: 
Single dose: AUC0-t, AUCinf, Cmax and 
Tmax

Multiple dose: AUC0-τ, Cmax,ss, Cτ,ss

In the evaluation of 
bioequivalence of the multiple 
dose study, the following 
pharmacokinetic data should be 
submitted for paliperidone: 
• Individual and mean blood drug
concentration levels in a dosing
interval after steady state is reached
• Individual and mean trough levels
(Cmin ss)
• Individual and mean peak levels
(Cmax ss)
• Calculation of individual and
mean steady-state AUCτ (AUCτ is
AUC during a dosing interval at
steady-state)
• Individual and mean percent
fluctuation
[ =100 * (Cmax ss – Cmin ss)/Caverage

ss]
• Individual and mean time to peak
concentration
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EMA U.S. FDA  Canada 
90% Confidence 
Interval 

90% confidence interval: 80.00– 
125.00 % for AUC0-t, AUCinf, Cmax, 
AUC0-τ, Cmax, ss and Cτ,ss.

Comparable median and range for 
Tmax. 

 The 90% confidence interval for 
the ratio of the geometric means of 
the pharmacokinetic parameters 
(AUC and Cmax) should be within 
80-125%. Fluctuation for the test 
product should be evaluated for 
comparability with the fluctuation 
of the reference product. The 
trough concentration data should 
also be analyzed to verify that 
steady-state was achieved prior to 
pharmacokinetic sampling. 

 

Table 2. Definitions of the Pharmacokinetic Parameters Cited in EMA and U.S. FDA Product-Specific 
Bioequivalence Requirements for Paliperidone Palmitate LAI 

U.S. FDA (17, 47) 
Pharmacokinetic Parameter     Definition 
Cminss    Minimum or trough concentrations at steady-state 
Cmaxss  Peak concentrations during the dosing interval at 

steady-state 
AUCτ AUC during a dosing interval at steady-state 
Caverage ss   Average plasma concentration at steady-state 

EMA (18, 48) 
Pharmacokinetic Parameter     Definition 
AUC0-t Area under the plasma concentration curve from 

administration to last observed concentration at time t 
AUCinf Area under the plasma concentration curve 

extrapolated to infinite time 
Cmax Maximum plasma concentration 
Tmax Time until Cmax is reached 
AUC0-τ AUC during a dosage interval 
Cmax,ss Maximum plasma concentration at steady state 
Cτ,ss Concentration at the end of the dosing interval at 

steady state 
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