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1. History

Generic substitution is often spotlighted as one way of achieving cost savings in the health 

care. General interest in substitution dates back to 1988, when the incentive scheme was 

first introduced.

In 1996, the DGV Foundation (currently known as IVM, the Dutch Institute for Rational Use 

of Medicine) launched the three-year Voorschrijven op Stofnaam (Prescribe by International 

Non-Proprietary Name) project. That caused the percentage of prescriptions by internatio-

nal non-proprietary name to increase from approximately 30% in 1995 to about 51% in 1998 

[1]. In the same period, the percentage of generic medicinal products supplied rose from 

approx. 28% in 1995 to approx. 37% in 1998 (Source: Foundation for Pharmaceutical 

Statistics; SFK). In 2002, the percentage of generic medicinal products supplied increased 

still further, to approx. 43%. This increase, which is still continuing, can be partially accoun-

ted for by the expiration of patents on frequently prescribed medicinal products, such as 

Zocor® and Losec®.

In 1990, the KNMP published its Generic Substitution Guidelines [2]. Partly in response to 

the recent renewed interest in substitution, the Board of the KNMP has decided to revise 

these guidelines. The revised version that you are now reading is largely based on the

above-mentioned Guidelines. It also incorporates the EMA’s current guidelines on 

bioequivalence. In addition, a literature search has been carried out to identify any new 

developments or insights that have been reported since 1990.

This document’s primary purpose is to serve as a practical guide for substitution policy in 

the pharmacy, thereby ensuring optimal patient care, while also contributing to cost 

savings in the health service. The aim is not to provide detailed descriptions of every aspect 

related to substitution. 



2. Definitions of substitution

Generic substitution is the mutual substitution of medicinal products having the same 

active ingredient, the same dose, and the same pharmaceutical form. This usually involves 

replacing the proprietary brand or reference medicinal product with a generic or 

parallel-imported product. This guideline refers to generic substitution. 

The Farmanco site (www.farmanco.knmp.nl) uses the term “pharmaceutical alternative”, 

which has a slightly broader meaning than “generic substitution”. A pharmaceutical

alternative is a medicinal product with the same active ingredient, although the dosage 

form and strength may vary.  

Out of scope is:

Substitution of medicines with a different dosage form, like substitution from  a tablet 

with immediate release to controlled-release, or from capsule to oral solution. Medicines 

with a different dosage form are not tested for bioequivalence.  However, medicines with a 

different dosage form have different kinetic properties and they are not bioequivalent by 

itself.  From that viewpoint,  this kind of products cannot be substituted without any pro-

blem, but the consequences for adherence and efficacy should be considered.

Therapeutic substitution. This is the mutual substitution of medicinal products with 

different active ingredients, both of which may or may not belong to the same therapeutic 

group. 

3. Practical pointers for generic substitution

In pharmacies, the main consideration where generic substitution is concerned with is that 

the efficacy and safety of substituted medicinal products should be equivalent to one 

another. As this is tested during the approval of generic medicinal products, on the basis of 

bioequivalence studies (see section 5), it can be assumed that the approved generic 

medicinal products are just as effective and safe as the reference medicinal product. 

However, in conjunction with certain medicinal products or certain situations, it may be 

preferable to avoid even the slightest risk. In addition, there are a range of other issues – 

unrelated to bioequivalence – that can cause problems following substitution. Accordingly, 

there is still a need to determine the advisability of substitution on a drug-by-drug and 

patient-by-patient basis. The following flow chart may be helpful in this regard.
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Flowchart showing decision points for substitution
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Explanation of flowchart

a. Agreements made with the physician

Legally, there can be no substitution without the physician’s consent. In practice, this 

usually means that agreements have been made on this point. See section 7 for further 

details.

b. First dispensing

At first dispensing, the problems relating to efficacy, safety and convenience for the patient, 

which are identified below, are not an issue1. Nevertheless, it is advisable to reach 

agreement on this point with the physicians concerned, as the law states that there can be 

no substitution without the physician’s consent.

c. Proven to be bioequivalent?

Before generic medicinal products can be approved they must be proven to be bioequivalent 

to the reference medicinal product (which is to say that, within certain limits, they have 

the same C
max

 and AUC). See Annex 1 for further details.

Medicinal products that are bioequivalent by definition 

Medicinal products that are bioequivalent by definition are:

• A medicinal product with two RVG numbers (marketing authorisation number assigned  

 by the Dutch Medicines Agency) linked by an “=” sign is, by definition, completely 

 identical (same ingredients, same production process) to the medicinal product with the  

 RVG number following the “=” sign. These medicinal products can therefore be 

 substituted for one another without any problems.

•Generic medicinal products that were approved post-1985, can generally be substituted for  

 one another without any problems.

• Bioequivalence of controlled-release preparations: controlled-release formulations can be  

 classified into several basic release systems that lead to controlled release. The main   

 release systems are matrix systems, multi-particle systems (pellets in tablets or capsules),  

 monolithic osmotic systems, and systems that ensure a more protracted period of reten  

 tion in the stomach (gastro-retentive systems). Each of these basic systems can be divided  

 into several subtypes. The release profile may reflect either first-order or zero-order

________________________________________________________________________________________________
1. At first dispensing, in terms of compliance, it can be useful to check whether the prescribed drug could be replaced by another medication 
with a lower dosage frequency. Strictly speaking, this is not generic substitution. Furthermore, at the first dispensing of medicinal products 
which are marketed both in standard dose form and as controlled release preparations, it can be useful to check whether the dosage frequency 
corresponds to the drug that has been prescribed. 
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 kinetics, or a combination of the two, with or without lag time. The preparation’s 

 properties are not determined solely by the type of release system involved, but also by   

 the methods used in formulation and production. Accordingly, each controlled-release   

 preparation is equally unique, and it is more difficult to copy an existing controlled-  

 release preparation than it is to copy a normal preparation. When attempting to 

 determine whether controlled-release preparations are interchangeable, their 

 pharmacokinetic profiles are actually a more important consideration than the type of   

 release system used. The pharmacokinetic profile is assessed during the approval 

 procedure. Generic products that are not bioequivalent to the innovator product (brand)  

 are not approved as generic medicinal products2. Controlled-release preparations can   

 therefore be considered to be bioequivalent, even where a different release system is   

 used [3].

Medicinal products for which no valid bioequivalence studies are available

Medicinal products approved prior to 1986 have not been tested for bioequivalence in 

accordance with current requirements. Strictly speaking, therefore, it is not known 

whether these medicinal products are interchangeable. See section 5.1 for further details.

This can be important, especially in the case of medicinal products with a narrow 

therapeutic index. Under the G-Standaard, medicinal products with a narrow therapeutic 

index that were approved prior to 1986 are furnished with an alert (at generic product 

code (GPK) level) if there are several trade products with the same GPK on the market.

This concerns the following products: 

Carbamazepine Katwijk tablet 100 mg, RVG 10780

Carbamazepine Katwijk tablet 200 mg, RVG 09884

Carbamazepine Katwijk suspension 20 mg/ml, RVG 09196

Disopyramide PCH capsule100 mg, RVG 10244

Lithium carbonate PCH tablet 200 mg, RVG 52076

Lithium carbonate PCH tablet 300 mg, RVG 55991

Lithium carbonate PCH tablet 400 mg, RVG 55992 

Sodium valproate tablet MSR 150 mg, RVG 55564

Sodium valproate tablet MSR 300 mg, RVG 55290 and RVG 55565

Sodium valproate tablet MSR 600 mg, RVG 55566

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2. Although the SPCs of the innovator product and the generic products may differ in terms of ingestion with food or liquids, this is 
not necessarily clinically relevant. For example, unlike the innovator product, alcohol intake is contraindicated for certain strengths of 
generic oxycodone retard tablets that have been aproved. This is because, following prolonged exposure to alcohol, the dissolution rate 
was faster than that of the innovator product. However, the European medicines agency (Co-ordination Group for Mutual Recognition 
and Decentralised Procedures – Human, or CMDh) consider it unlikely that the observed differences in dissolution profiles would lead 
to clinically relevant differences. This decision was influenced by the fact that dissolution of the innovator product is initially faster 
than that of the generic product (with or without alcohol), but that this does not give rise to problems in clinical practice. Moreover, 
the in vitro alcohol test conditions (alcohol concentration of 40% for a period of more than one hour) are not considered to be 
representative of the in vivo situation.
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d. Substances with which it is preferable that no risks be taken

Substances with which, for reasons of safety and efficacy, it is preferable that no risks be 

taken are those with a narrow therapeutic index and those with non-linear kinetics.

Although substances with a narrow therapeutic index or non-linear kinetics meet the

requirements for bioequivalence, and are therefore theoretically interchangeable, 

patient-related factors that adversely affect interchangeability may be involved. The 

narrower a substance’s therapeutic index, the greater the chance that its use will cause 

problems. For substances with non-linear kinetics, the slightest variation in kinetics can 

lead to major differences in bioavailability.

Substances with a narrow therapeutic index

Medicinal products with a narrow therapeutic index are subject to stricter bioequivalence 

requirements than other medications. The significance of this in terms of

interchangeability is not known. The KNMP recognises a number of medicinal products 

that meet these stricter requirements, see Annex 1 for details.

• antiarrhythmics classes I and III (adenosine, amiodarone, disopyramide, phenytoin, 

Medicinal products for which no valid bioequivalence studies have been carried out

A number of generic products have been approved on the basis of research relating purely 

to those products, and not to the reference medicinal product. Strictly speaking, it is not 

known whether these medicinal products are interchangeable. This only applies to a few of 

the generic medicinal products on the market, however it is no longer possible to identify 

the medicinal products in question. With regard to most of the cases assessed on the basis 

of research specific to the medicinal products in question, however, the MEB has not

considered it necessary to make mention of this in the Summary of Product Characteristics 

(SPC). 

  

Medicinal products for which bioequivalence studies are not a good 

measure of interchangeability

Bioequivalence is not a good measure for interchangeability for:

• oral products that have a local effect in the gastro-intestinal tract. See section 5.2 for   

 further details; 

• inhaled medication. See also point f;

• biologicals, see section 6 for details.
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 flecainide, ibutilide, quinidine, lidocaine (parenteral only), procainamide, propafenone  

 and sotalol)

• traditional anti-epileptic drugs (phenobarbital and other barbiturates, carbamazepine,  

 ethosuximide, phenytoin, oxcarbazepine, sulthiame, trimethadion, valproic acid)

• cyclosporine [4,5,6], when used to prevent graft rejection; in this indication the conse  

 quences of treatment failure and adverse drug effects, including renal toxicity in renal   

 transplantation, are more serious than in other indications 

• tacrolimus [7]

• colchicine

• coumarin derivatives (acenocoumarol and phenprocoumon)

• digoxin

• ergotamine

• lithium salts

• antineoplastic agents (busulfan, capecitabine, chlorambucil, cyclophosphamide, 

 cytarabine, doxorubicin, estramustine, etoposide, fludarabine, hydroxyurea, imatinib,  

 lomustine, melphalan, mercaptopurine, methotrexate, mitotane, procarbazine, 

 tegafur/ uracil, temozolomide and thioguanine)

• theophylline

• thyroid preparations (levothyroxine, liothyronine)

Example of a substance with non-linear kinetics:

• phenytoin

In the G-Standaard, the above medicinal products are furnished with an alert (at GPK level), 

with the exception of cutaneous preparations and preparations that are administered as 

clear solutions, such as injection solutions, powders for injection, enemas, oral solutions, 

and syrups (see also Annex 1).

e. Patient-related factors: safety

Substitution can cause safety problems when the following patient-related factors are 

involved.

 •  Medicinal products containing an excipient to which the patient is hypersensitive.

  It is unwise, for example, to switch from eye drops without preservative to eye drops   

      with preservative without further consideration.

  •  Excipients that can cause problems in special patient groups and which can be 

       monitored in the G-Standaard:

  •  aspartame in patients with phenylketonuria (PKU);
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  •  wheat starch in patients with coeliac disease;

  •  glucose, sucrose, fructose, galactose, xylitol or honey in patients with diabetes 

      mellitus. Lactose-containing medicinal products can be given to patients with lactose  

      intolerance without any problems, as the amount of lactose involved is too small to  

      give rise to symptoms. In people without any known allergies, the option of 

      substitution need not be dismissed in advance.

 • In disorders such as depression or psychosis, in which patients are sometimes distrust 

  ful of medication, a change in the external appearance of medicinal products or any   

  change (real or imagined) in their action or adverse effects can further damage patient 

  confidence. For this reason, medicinal products such as antipsychotics3  and 

  antidepressants4 cannot be substituted with no further consideration; there must be a  

  good trade-off between the risk, on the one hand, that the patient will not take the 

  medication (with the repercussions that entails) and the benefits of substitution on the  

  other hand [8].

 • Disorders for which the balance between efficacy and adverse reactions is critical.   

  Examples:

    •   patients with Parkinsons disease who are using levodopa or dopamine-agonists.  

        For these patients, a precise dose titration is important, and small differences in 

        bioavailability can have large consequences  [9]. 

  •   transplant patients who are titrated to a certain dosage. 

f. Convenience for the patient

There are various reasons why substitution can cause problems for patients:

The packaging of the medicinal product in question, or an associated device, significantly 

affects its ease of use, or compliance.

Examples:

• inhaled medication.  The choice for a certain type of inhaler is partly based on patient   

 characteristics  (like age and inspiratory force) and partly on the characteristics of the   

 inhaler (like multidose/single dose, powder/aerosol). Furthermore, for adherence it is   

 important to continue with the same type of inhaler.  Therefore, it is not without any   

 risk to switch between different types of inhalers [10];

• insulin pens; 

• contraceptive pills of the same composition but with different calendar packs or with

 foreign date displays;   

• packs which are tailored to specific patient groups, such as Ledertrexate®

 tablets, which have a pack that is suitable for rheumatoid arthritis patients.

_________________________________________________________________________________
3. Medicinal products that are used as antipsychotics, for example: alimemazine, aripiprazole, benperidol, bromperidol, chlorprothixene, 
clozapine, fluphenazine, flupentixol, fluspirilene, haloperidol, olanzapine, paliperidone, penfluridol, perphenazine, periciazine, 
pimozide, pipamperone, quetiapine, risperidone, sertindole, sulpiride, ziprasidone, zuclopentixol.
4.  Medicinal products that are used as antidepressants include: agomelatine, amitriptyline, bupropion, carbamazepine, citalopram, 
clomipramine, dosulepine, doxepin, duloxetine, escitalopram, phenelzine, fluoxetine, fluvoxamine, hypericum, imipramine, lamotrigine, 
liothyronine, lithium carbonate, lithium citrate, maprotiline, mianserin, mirtazapine, moclobemide, nortriptyline, oxitriptan, 
paroxetine, quetiapine, sertraline, tranylcypromine, trazodone, tryptophan, venlafaxine.8



The G-Standaard does not include alerts for these medicinal products, as the factors in 

question are patient-related.

The medicinal product looks different, which can have various effects, such as under-

mining patients’ confidence in the medication.

Examples:

• the packaging looks different;

• a different package insert is enclosed, for example containing different adverse drug   

 effects;

• the tablets smell or taste different;

• details of the shelf life are specified differently;

• it contains different excipients. In practice, patients think that excipients are necessary  

 to the efficacy of the medication; they therefore think that medicinal products that 

 contain different excipients either work in different ways or involve ever more adverse   

 drug effects;

• with parallel imports, in addition to the above items, patients may not be able to read the  

 text on the package.

Accordingly, it is vital to provide effective instruction in such matters. Support is available 

in the form of written information material, such as the brochure entitled “The same drug 

in a different guise” from the Dutch Institute for Rational Use of Medicine. Moreover, 

patients can be referred to the information provided at www.apotheek.nl, see the section 

entitled “Thema’s”, “Merkloos medicijn is goed en goedkoper”.

In the case of some medicinal products, there have been a relatively large number of alerts, 

or particularly striking alerts, concerning problems that arose following the substitution of 

reference medicinal products with generic medicinal products (see section 4).

Other considerations associated with substitution:

1. From the perspective of convenience for the patient it is not a good idea to switch   

 patients frequently to generic preparations (or to other generic preparations), i.e. from   

 reference medicinal products to generic medicinal products, or vice versa, or from one   

 generic preparation to another.

2. Elsewhere in the world, pharmacies have supplied counterfeit medicines. In The 
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 Netherlands, pharmacies sometimes have received batches of medicinal products that   

 have circulated, either briefly or for lengthier periods of time, outside the usual 

 distribution chain (e.g. first from The Netherlands to Africa, then back onto the market in  

 The Netherlands), thereby making them unreliable. These two issues are unrelated to the 

 quality of generic medicinal products as such. Nevertheless, patients may confuse these  

 two issues with generic medicinal products as a category and, for the reasons mentioned  

 above, come to view all generic medicinal products as unreliable. It is advisable to take   

 this into account when giving patients information on substitution [11]. 

3. While generic medicinal products and reference medicinal products may be 

 bioequivalent at population level, there may be significant differences in AUC between   

 generic medicinal products and reference medicinal products within the same 

 individual. This may account for unexpected problems associated with substitution.

 Furthermore, it can occur that the kinetic characteristics differ between young,  healthy  

 volunteers compared to patients.  A small study has shown that the kinetic characteristics  

 of verapamil brand and generic are identical in volunteers, but it differs remarkable in   

 elderly people [12]. It is a well known phenomenon that the absorption kinetic alters in  

 elderly people. 

4. Generics are tested for bioequivalence with a brand product as comparitor, but they are  

 not mutually compared. This means that the differences between generic products can be  

 larger than the maximum difference between a generic and a brand product. This is the  

 case if product A is bioequivalent with the reference product in the 120% range and 

 product B in the 85% range.

5. If substitution is inevitable, it is important that the efficacy and safety of the drug is   

 monitored.

4. Patient complaints about substitution

In the case of some medicinal products, there have been a relatively large number of alerts, 

or particularly striking alerts, of problems that arose following the substitution of 

reference medicinal products with generic medicinal products. Patients complained about 

adverse drug effects or about perceived reductions in efficacy.

In most cases no satisfactory scientific explanation could be found, but the fact remains 

that the patient’s symptoms should always be taken seriously. The option of substitution or 
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resubstitution should be assessed on a patient-by-patient basis.

This section contains a list of medicinal products (alphabetically ordered by international 

non-proprietary name) associated with alerts of this kind. For a more detailed overview of 

literature see the survey in ‘Generieke Geneesmiddelsubstitutie’ from Platform Pi [13].

4.1 Isosorbide dinitrate (sublingual tablets)

What has been reported?

The Dutch Pharmacovigilance Centre Lareb has received an alert concerning a patient 

who was admitted to hospital with an acute attack of angina pectoris. While at home, the 

patient had taken a generic isosorbide dinitrate sublingual tablet, but this had failed to 

alleviate the symptoms. The patient had previously been using the reference medicinal 

product [14]. 

Possible explanations

It emerged that the sublingual tablet taken by this patient had failed to disintegrate fully, 

thereby leaving a significant amount of residue behind. While in vitro tests revealed no 

difference between the disintegration and dissolution rates of generic medicinal products 

and the reference medicinal product, it is unclear whether these are appropriate 

parameters to use when attempting to account for the observed in vivo differences. The 

MEB recommends that the generic medicinal products and the reference medicinal product 

should not be substituted for one another [14].  

4.2 Methylphenidate (Ritalin® tablet, and methylphenidate tablet)

What has been reported?

The Dutch Pharmacovigilance Centre Lareb has received 27 alerts of unexpected 

therapeutic responses (such as ineffectiveness of the medicinal product) following 

substitution of the reference medicinal product with generic methylphenidate [15]. 

A survey of methylphenidate users revealed that 49% of respondents had had unpleasant 

experiences of substitution. Of these patients, 85% felt that generic methylphenidate was 

less effective than Ritalin®. Other differences noted by patients were: a shorter period of 

action, longer time to the onset of the effect, more adverse drug effects, and differences in 

dosage form [16]. 
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Possible explanations

No satisfactory explanation has been found. A survey of methylphenidate users revealed 

that patients were mainly dissatisfied with the information and assistance that they 

received in concerning substitution [16]. This might have affected patients’ perceptions, in 

terms of efficacy.

If there is indeed a shorter period of action, then it is important to be aware of the risks 

associated with ADHD behaviour in children who have to negotiate traffic on their way 

home from school. It is worth noting that there is a generic product on the market that has 

a ‘=’ approval with Ritalin® (see section 3, sub-section c), which means that it is completely 

identical. The generic product in question is Methylphenidate HCl Sandoz 10 mg tablet.

4.3 Omeprazole (Losec MUPS® and omeprazole capsules MSR)

What has been reported?

The Dutch Pharmacovigilance Centre Lareb has received a total of 34 alerts concerning 

Omeprazole. These involved unexpected therapeutic responses following generic 

substitution, including a diminished response [15]. In addition, patients indicated that, 

following substitution, they had to take two to three times the previous amount, mainly 

due to the reduced efficacy of the generic medicinal product [17,18]. In one case, the size of 

the capsule of generic medicinal product was blamed for the increased use of omeprazole. 

The patient in question had difficulty swallowing these large capsules and noticed that the 

capsules opened prematurely, in the mouth. As a precaution, the patient started taking an 

extra capsule of omeprazole [18]. 

The patient data from four pharmacies in Rotterdam showed that, over a period of two 

years, 20% of patients resubstituted to Losec® or switched to another proton pump inhibitor 

(in the paroxetine control group the corresponding figure was 1%) [17]. 

Possible explanations

In response to these complaints, the IJsselland hospital carried out an in vitro dissolution 

study of Losec and generic preparations of omeprazole. The results showed that generic 

preparations have a faster release pattern than the reference medicinal product, but that all 

preparations ultimately released the same amount of omeprazole. This difference may stem 

from a difference in the gastric acid resistant coatings. It was found that the generic 

preparations did not break down or disintegrate any faster than Losec® [17]. 
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The question, however, is whether a difference in release patterns that is measured in vitro 

can really account for patient complaints. Firstly, it is not known whether there is a reliable 

in vitro/in vivo relationship, so it is not known whether this in vitro data bears any 

relationship to possible differences in vivo [19]. Secondly, proton pump inhibitors bind 

irreversibly to Na+/K+ ATPase. As a result, there is no linear relationship between plasma 

concentration and effect. Possible differences in release rates appear to be too small to 

account for the clinical effect [20].

4.4 Parallel import of dermatics

Products entering the country as parallel imports may contain different excipients than 

original products that are approved in The Netherlands. In addition, the colour, shape and 

size of the former may differ from those of the Dutch reference medicinal product [21]. 

The possibility cannot be excluded that, in dermatics, this could lead to differences in 

product consistency.

4.5 Paroxetine (Seroxat® and paroxetine mesylate)

What has been reported?

Descriptions of two patients indicate that they developed symptoms after switching from 

the reference medicinal product (HCl salt) to a generic medicinal product with the mesylate 

salt form. These symptoms consisted of generalized itching, the return of their depressive 

disorder, nausea, and diarrhoea. The symptoms disappeared following resubstitution. In 

one of the patients, re-challenge produced the same pattern of symptoms [22].

Possible explanations

No satisfactory explanation has been found. In the stomach, both salt forms break down 

immediately and completely into protonated paroxetine H+ and the corresponding anion. 

The paroxetine H+ is subsequently deprotonated to paroxetine base in the small intestine, 

after which it is absorbed. Accordingly, absorption is unaffected by differences in the type 

of salt form involved, so this cannot account for the occurrence of symptoms [23].

4.6 Antiepileptics

What has been reported?

In various articles and surveys, it has been suggested that generic anti-epileptic medicinal 
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products have a lower AUC than branded medicinal products, and that the substitution of 

antiepileptic medicinal products has led to an increase in seizure frequency. Prior to 

1 September 2007, Lareb received 2025 alerts concerning anti-epileptic drugs; 25 of these 

alerts may be related to switching from generic medicinal products to reference medicinal 

products. The MEB is of the opinion that the articles and surveys in question do not provide 

evidence of actual differences and a causal link between generic substitution and the

occurrence of epileptic seizures [24].

Based on current data it seems that the substitution of antiepileptic drugs does not cause 

any specific problems, however this does not affect the warnings in section 3.

Possible explanations

Problems encountered following substitution may be due to poor compliance, resulting 

from reduced confidence in the product [24].

5. Bioequivalence of medicinal products approved by the MEB

5.1. Basis for the approval of generic medicinal products

The approval of generic medicinal products is based on the principle that their efficacy and 

safety should be equivalent to those of the reference product. The approval of generic 

medicinal products does not require a repetition of the preclinical studies. It is only 

necessary to demonstrate that the active ingredient targets the same site of action for the 

same length of time and in the same way as the reference medicinal product. This shows 

that the generic medicinal product has the same efficacy and safety as the reference 

medicinal product. In order to establish that there is equivalent efficacy, it is assumed that 

similar plasma concentration-time curves (= bioequivalence) lead to a similar 

concentrations at the site of action, which results in equivalent efficacy. Accordingly, before 

they can be approved, generic medicinal products must meet certain bioequivalence

requirements.

In The Netherlands, the MEB introduced bioequivalence requirements in the early 1980s. 

These requirements have been tightened still further over the years. In terms of 

bioequivalence, all generic medicinal products that were approved subsequent to 1985 were 

assessed in accordance with the strict criteria that apply today. It has therefore been proved 

that these medicinal products are bioequivalent. The MEB initially used its own system of 

requirements, but switched to the European guidelines when these came into effect in 

1991. 
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5.2. Locally acting medicinal products.

In the case of locally acting medicinal products, uptake into the systemic circulation is not 

important in terms of the effect (or local effect). Systemic availability may well be important 

from a safety standpoint. As bioequivalence studies are based on systemic availability, this 

is not an appropriate parameter with which to determine comparable efficacy.

The efficacy and safety of locally acting medicinal products, are affected by:

•changes to the physicochemical properties of the product

•change of excipients, which can modify the penetration of the active ingredient. 

In theory, therefore, comparable efficacy and safety should be demonstrated by means of 

clinical trials, although other types of studies are also accepted, provided that they have 

been properly validated [25].

However, the MEB has made an exception for some mesalazine-containing products. With 

regard to the approval some generic mesalazine-containing products, the decision has been 

taken to accept a bioequivalence study, even though this is a locally acting medicinal 

product. This is because the plasma concentrations of mesalazine and its primary 

metabolite can be accurately measured, and it is not feasible to conduct clinical

equivalence studies.

Other mesalazine-containing preparations are either approved on the basis of different 

methods of comparison or are assessed on their own merits. In many cases it is not known 

whether the generic mesalazine preparation is bioequivalent to the innovator product. 

Accordingly, the MEB has included the following text in the SPCs: “Locally acting 

mesalazine-containing preparations cannot be substituted for one another” [26].

In theory, mesalazine-containing products with different types of Eudragit coating will 

have different release profiles, depending on the pH. It is not known to what extent this 

leads to significant in vivo differences, at the release site in the gastrointestinal tract.

6. Biosimilars

6.1 Biologicals

 Biologicals are medicinal products produced by living organisms or derived from living 

organisms [27]. In most cases this involves proteins or polypeptides. These include 
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recombinant proteins, blood products, monoclonal antibodies and vaccines [28]. Medicinal 

products for which biosimilars have been approved are epoetin alpha and zeta, filgrastim 

and somatropin. Proteins are complex medicinal products, and are almost always mixtures 

of variants of the same protein. Efficacy and safety are determined by various factors, 

including the amino acid sequence (primary structure), spatial structure (secondary, 

tertiary and quaternary structure), the linked sugar chains (glycosylation), and any 

impurities in the end product. A multitude of analytical techniques are needed to 

determine the properties of a biological and, even then, the medicinal product cannot be 

fully characterized.

6.2 'Biosimilars'

Biosimilars” is the term used in Europe for biologicals that are “similar” to biologicals that 

have already been approved [27]. In the US, these medicinal products are known as

 “follow-on protein products”, although the term “biosimilar” is now being increasingly 

used there as well. 

Biosimilars are not comparable to ordinary generic medicinal products. The characteristics 

of a biological cannot be fully determined using analytical techniques. In addition, 

bioequivalence studies cannot indicate whether a biological’s efficacy/safety is equivalent to 

that of the reference product. For this reason, the drug approval authorities require clinical 

trials of similarity in terms of efficacy and safety. Unlike most common generic medicinal 

products, biologicals can only be said to be “similar”, at best.

6.3 Substitution: what are the issues?

Product efficacy, safety and traceability are the main issues for biologicals (and their 

substitution).

Efficacy and safety are affected by numerous factors, such as:

• the production process determines the characteristics of the end product:

    •the choice of cell line and culture conditions affects the folding and glycosylation of  

 proteins, as well as the impurities in the final product (e.g. endotoxins, metabolic by

 products [29]);

    •the production and purification processes determine the type and degree of impurity  

 in the end product, such as the occurrence of proteins from the cell line, DNA,   

 growth medium ingredients, viruses, and misfolded or damaged proteins [29]
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•efficacy and safety are determined by the characteristics of the end product:

    •glycosylation determines the protein’s stability, pharmacodynamics, kinetics, and   

 immunogenicity [30];

    •the formation of aggregates causes changes in pharmacodynamics and kinetics, as   

 well as increased immunogenicity. However, aggregate formation can have very   

 unpredictable effects [29];

    •impurities and excipients can lead to changes in pharmacodynamics and kinetics, as  

 well as increased immunogenicity, due to aggregate formation and denaturation [30];

 •the packaging material, including the material used for the cap, may lead to reduced  

    efficacy, altered kinetics, and increased immunogenicity, due to effects on stability,   

    aggregate formation, and adsorption onto the packaging material [29].

•route of administration and patient factors affect efficacy and safety, particularly 

 immunogenicity:

     •which is higher following intramuscular or subcutaneous administration than it is  

 after intravenous injection,

     •and depending on the dose, duration of treatment, and frequency of administration,  

 genetic predisposition, as well as the patient’s immune status and comorbidity [29].

The end product’s various characteristics can only be determined using a mix of analysis 

techniques, and even then it is still not possible to determine whether the two medicinal 

products match exactly [30]. Accordingly, biologicals are characterized less by their 

international non-proprietary name, i.e. the end product, and more by the production 

process as a whole [31]. 

Anyway, this applies not only to comparisons between the

production processes of biosimilars and those of their innovator products, it also relates to 

changes within the innovator product’s own production process.

6.3.1 Efficacy

The efficacy of the biological is determined by its pharmacokinetics and pharmaco-

dynamics. As mentioned in sub-section 6.3, pharmacokinetics or pharmacodynamics are 

affected by the following factors:

• the secondary/tertiary/quaternary structure of the protein (glycosylation, aggregate 

 formation, denaturation), which can affect the duration and level of biological activity.

• immunogenicity, i.e. the production of binding and neutralizing antibodies. Antibodies  

 can neutralize biological activity, or bind to the protein in such a way as to change its   

 pharmacokinetics or pharmacodynamics [29].
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6.3.2 Safety

Where proteins are concerned, safety is mainly a question of immunogenicity. Antibodies 

can produce severe and fatal reactions, if they exhibit cross-reactivity with endogenous 

proteins, for example [29]. As mentioned in sub-section 6.3, the main factors that determine 

immunogenicity are:

• the formation of aggregates;

• impurities, excipients, and packaging material;

• the route of administration, dosage, frequency, duration of treatment;

• genetic predisposition, immune status, and patient comorbidity. 

EMA has drawn up a guideline on the immunogenicity of biologicals. Moreover, the issue 

with biosimilars is their difference in immunogenicity relative to the innovator product. 

It is an accepted fact that proteins cause immune responses [31]. 

A prime example of a change in the production process that lead to increased 

immunogenicity, and serious repercussions, was the case of Eprex® (erythropoietin alpha). 

Modification of the albumin excipient in polysorbate 80 resulted in increased 

immunogenicity, leading to the occurrence of pure red cell aplasia [29].

6.3.3 Traceability

A third issue is traceability, which is all about safety. Even more so than with other 

medicinal products, it is important to be able to trace which product has been administered 

to which patient, in order to trace adverse drug effects. The European Commission

therefore intends to further tighten the rules on pharmacovigilance, in particular those 

regarding the reporting of adverse drug effects associated with biologicals. It has therefore 

instructed the drug approval authorities of the Member States to ensure that specific 

products given to patients can be traced, and that physicians are aware of which specific 

products have been supplied to patients [32]. Apart from that, this does not specify whether 

approval should take place up to batch level, nor how traceability should be implemented

6.4 Naming

With regard to biologicals, under the current procedure for INN naming no details are 

included concerning the way in which the drug is produced. This means that biosimilars 

may have the same generic name as the innovator product. For that matter, some currently 

approved biosimilars have the same INN as the innovator product while others have a 
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different INN. For instance, Abseamed ®, Binocrit ®, and Epoetin alpha Hexal ® (epoetin 

alpha) as well as Silapo ® and Retacrit ® (epoetin zeta) are approved as biosimilars of Eprex ® 

(epoetin alpha).

The current method of determining the names is as follows:

• the amino acid sequence determines the INN name [33];

• posttranslational modifications such as glycosylation are indicated by a Greek letter [34];

• human blood products, vaccines, and products for cell and tissue therapy are not covered  

 by naming conventions [34].

In 2006-2007, the WHO INN Expert Group discussed the naming system, which predates 

biologicals.

Based on these discussions, it has been decided that:

• the system of naming for posttranslational modifications of proteins will remain as it is;  

 this is because no consensus could be reached regarding an alternative naming system   

 [34]; moreover, the WHO must assign the INN name at an early stage of the medicinal 

 product’s development; this means that the production process, and thus the ultimate 

 glycosylation of the medicinal product, may still be subject to change; moreover, 

 applications to the INN Expert Group for an INN name contain little information about  

 glycosylation [35];

• consideration will be given to the idea of preparing a list of codes that reflect the various  

 production methods used; however, these codes will not be part of the INN naming   

 system [34];

• determining whether one medicinal product is similar to another is a matter for the drug  

 approval authorities; accordingly this falls outside the scope of the INN nomenclature [35].

However, some parties, including Nefarma and EuropaBio (the European umbrella

organization for the biotechnology sector), take the view that a separate INN naming system 

should be developed for biosimilars [36].

6.5 European drug approval authorities’ requirements concerning approval

For the approval of biosimilars that contain recombinant proteins, the EMA’s premise is that 

the biosimilars should be “similar” to the innovator product in terms of quality, safety, and 

efficacy. The EMA has drawn up various guidelines for this purpose. According to these gui-

delines, the following comparative studies must be performed on the biosimilar and its refe-
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rence product [37]:

• in vitro studies, such as receptor binding;

• in vivo animal studies of the pharmacodynamic effect and toxicological properties, which  

 must at least include a determination of antibody titres, of cross-reactivity, and of the   

 neutralizing capacity of the antibodies in question;

• clinical trials to compare pharmacokinetics; the criteria used for non-biologicals are 

 invalid here, so the criteria must be predetermined;

• clinical trials in which pharmacodynamic markers are compared;

• clinical trials in which efficacy is compared, unless the pharmacokinetic and pharmaco  

 dynamic studies provide a reliable indication of similarity. 

EMA has drawn up a number of criteria to this end.

• clinical trials of immunogenicity, including characterization of the antibodies and of the  

 impact in terms of efficacy, safety and kinetics. This should be implemented per 

 indication;

• after the product has been marketed, safety should be monitored using a “risk 

 management programme” or a “pharmacovigilance plan”.

EMA draws up supplementary guidelines per substance, containing detailed requirements 

(e.g. the kinetic parameters, pharmacodynamic and clinical endpoints to be measured, 

duration, and number of studies), examples of which are the requirements for epoetin and 

somatropin [38, 39].

More extensive research is required for the approval of biosimilars than for the approval of 

generic medicinal products for conventional medicinal products, although the clinical 

trials of biosimilars usually involve smaller patient numbers than the corresponding trials 

for the innovator product (see Annex 1).

6.6 How far does similarity go?

If a biosimilar meets the above requirements, then its similarity applies to:

• products with the same strength, the same dosage form, and the same route of 

 administration (in G-Standaard terms: the same GPK), if one of these parameters is 

 different, then further tests must be carried out [28];

• supplementary guidelines for each substance indicate the extent to which the similarity  

 also applies to indications other than the one under investigation. In the cases of 

 erythropoietin and somatropin, for example, the similarity can be extended to other 

 indications, if the manufacturer can provide sufficient justification for this [38, 39].
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6.7 Views on substitution

There is an ongoing debate about whether substitution should involve biologicals. Some 

countries have already enacted specific legislation in this area, and various authorities have 

formulated clear opinions on this point. These are shown below.

• EMA: EMA considers that the decision to treat a patient with an innovator product or a   

 biosimilar should be taken by a qualified healthcare professional [27]. However, 

 substitution is implicitly assumed to take place, given the decision set out in a letter from  

 the European Commission concerning the traceability of biosimilars: ‘Ensures that 

 prescribing doctors know which glycoprotein has been given to their patient….taking into  

 account that substitution may occur in some systems at the level of pharmacies’ [32].

• FDA: the approval of biologicals in the U.S. falls under the Public Health Service Act   

 (PHSA); that legislation contains no regulations governing the approval of biosimilars, so  

 no biosimilars can be approved for biologicals approved under the PHSA. In 2008, work   

 started on the preparation of legislation for the approval of biosimilars within the PHSA.  

 Only a few biologicals, such as insulin and growth hormone, have been approved under  

 the Federal Food, Drug and Cosmetic Act; however this act does include legislation on the  

 approval of generic medicinal products (Hatch-Waxman Act). In the U.S., “follow-on” 

 products have been approved for insulin and growth hormone, but there has been no   

 ruling on interchangeability or substitutability [40, 41].

• EU member states: in various member states, the government or the national drug   

 approval authority has ruled that the substitution of biologicals is prohibited. This   

 applies, for example, to Germany [29], France [42], Norway [43], Spain [44] and Sweden [45].  

 In France this involves a ban on automatic substitution5 . German legislation is not 

 specific to biologicals, it applies to all medicinal products. The U.K. has no legislation on  

 whether substitution can involve biologicals, but during a parliamentary debate it was   

 determined that biologicals may not be substituted, and that they must be prescribed by  

 brand rather than by international non-proprietary name [46].

• European Federation of Pharmaceutical Industries and Associations (EFPIA): 

 biotechnological products should not be substituted automatically. This means that   

 substitution always requires the physician’s approval. This applies to the substitution of  

 innovator products for biosimilars, and vice versa [47].

• European Generic Medicines Association: extensive comparative studies have shown that,  

 “dose for dose”, it is safe and effective to replace innovator products with biosimilars [48].

__________________________________________________________________________________
5. Automatic substitution means that pharmacists can substitute without the consent of physicians or patients. This is usually in the 
context of legislation that makes subsitution mandatory if a generic medicinal product is available
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6.8 Recommendations regarding substitution

The following recommendations apply both to the replacement of innovator products with 

biosimilars (and vice versa), and to the replacement of one biosimilar by another.

• At first dispensing there are no objections to substitution on purely scientific grounds.

• Biosimilars are clinically tested for efficacy and adverse drug effects related to the

 innovator product; accordingly, on scientific grounds, substitution at subsequent 

 dispensing would not seem to involve any major problems in terms of efficacy and safety  

 when the route of administration and indication are the same as for the innovator 

 product.

• Substitution for a route of administration for which the biosimilar has not been 

 approved is not recommended. The reason is that immunogenicity may vary from one   

 route of administration to another; when used for a non-approved route of 

 administration, safety cannot be assessed with any accuracy.

• Substitution for an indication for which the biosimilar has not been approved is not   

 recommended. While EMA leaves open the possibility that similarity also applies to other  

 indications than the indication for which the biosimilar was investigated, there is no 

 clarity concerning the status of the absence of indications in the biosimilar’s drug 

 approval dossier.

• Immunogenic responses can occur after a protracted period of time. If substitution is 

 followed by immunogenicity, it is not clear whether the adverse drug effect was caused  

 by the product used before substitution or the one used afterwards, which complicates   

 the reporting of adverse drug effects. 

• In the case of substitution involving biologicals it is even more important that the 

 physician is informed about the product that has been supplied, as it must always be 

 possible to determine which product has been administered to which patient, and when  

 (see section 6.3.3).

• As with the substitution of conventional medicinal products, substitution can only take  

 place with the permission of the physician and the patient, also the severity of the 

 condition or the fact that treatment initiation requires precision can be a reason not to  

 substitute (even if no problems are anticipated on scientific grounds), furthermore 

 substitution should not take place too frequently.
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7. Legal issues

Dutch pharmaceutical legislation does not specifically address substitution, such rules as 

do exist were established by case law. The legal aspects of substitution are set out in the 

summary below. For details concerning the Healthcare Inspectorate’s policies on 

substitution, see [49].

7.1  Permission of physician and patient required

One of the legal aspects of substitution is the issue of whether the pharmacist has acted 

unlawfully towards the physician and/or the patient.

In this connection, the Leeuwarden Court of Justice has ruled that pharmacists must make 

sure that both the patient and the physician concur with the substitution. Pharmacists are 

not permitted to deviate from the prescription on their own authority. If the doctor and 

patient consent, then the pharmacist can substitute the proprietary medicinal product. If 

physicians prescribe a proprietary medicinal product, indicating the ® symbol, then

pharmacists should refrain from supplying a generic medicinal product, unless they first 

seek and obtain authorisation for substitution from both the individual to whom the 

product is being supplied and the prescribing physician, and can prove that they have done 

so. 

According to the Court, it specifically follows from Article 26a of the Pharmaceutical 

Practice Decree that pharmacists are bound, both to the physician who wrote the 

prescription and to the patient for whom it was issued, to supply the product specified in 

the prescription, unless they have confirmed that both the physician and patient in 

question agree that a replacement medicinal product can be supplied. However, Article 26a 

refers only to pharmacy preparations.

In three proceedings brought by the pharmaceutical industry against the Dutch Health 

Service Rates Board’s new tariff measure for pharmacy holders, on 29 August 2003, the 

judge in interlocutory proceedings in The Hague found that patients in general are entitled 

to expect pharmacists to supply the medication that their physician has prescribed. 

If either the physician or the patient were to object to the substitution, then the pharmacist 

in question would be acting unlawfully in relation to the physician or the patient if he or 

she were to proceed with the substitution. 
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7.2 Options for obtaining the physician’s permission

Since it is impractical to contact the prescriber in the case of each and every substitution, 

there is an alternative option by which this can be achieved. For example, agreements can 

be reached (e.g. within the FTO (Pharmacotherapeutic Consultation) and FTTO 

(Pharmacotherapeutic Transmural Consultation)) concerning which medicinal products 

may or may not be substituted, in the case of both new and existing medication. It is 

recommended that these agreements be set out in writing.

7.3 Options for obtaining the patient’s permission

Substitution also requires the patient’s permission. Many patients are willing to grant such 

permission, provided that they are given reliable information and a clear explanation. 

Support is available in the form of written information material, such as the brochure

entitled “The same drug in a different guise” from the Dutch Institute for Rational Use of 

Medicine. Patients can also be referred to the information presented at www.apotheek.nl.

7.4 Manufacturer’s permission not required

Another legal aspect of substitution is the issue of whether the pharmacist has acted

unlawfully towards the manufacturer/importer (proprietor). The manufacturer/importer 

may not base any claims on non-compliance with the prescription. Accordingly, a 

pharmacist who engages in substitution is not committing an unlawful act against the 

manufacturer/importer.

7.5 Trademark law

Pharmacists are not infringing trademark law (Benelux Trademark Law = BMW) if, when 

engaged in substitution, they report or make clear by other means that they are not 

supplying the proprietary medicinal product, but another medicinal product. This was 

determined by the Benelux Court in 1984, in the Tanderil® case.

7.6 Parallel imports

The pharmacist may replace the reference medicinal product with a parallel imported 

medicinal product. This can be concluded from a European Court of Justice ruling which 

states that the trademark holder or patent holder cannot use their trade mark or patent 

rights to successfully block the import of the medicinal product from another EU member 

state if it has been marketed with the trademark holder’s or patent holder’s consent in that 

member state or in another EU member state (exhaustion principle). Such parallel imports 

result from price differences between member states.
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7.7 Dosage form

As yet, the dosage form as such has not been the subject of a substitution case. Ideally, the 

supplier and the prescriber should consult one another in the event of changes to the 

dosage form.

7.8 Name on label

On 7 November 2003, the judge in interlocutory proceedings in Rotterdam ruled that a 

pharmacist may not mention the brand name on the label, in the form of “simvastatin= 

Zocor”, as the pharmacist would then be guilty of trademark 

infringement with respect to the proprietor. On 29 January 2004, the judge in interlocutory 

proceedings in Amsterdam ruled that, when supplying a generic medicinal product,

inclusion of the brand name on the label is prohibited.

7.9 Position of the prescriber

The position of prescribing physicians with regard to substitution has also been the subject 

of legal proceedings. The Supreme Court ruled that the prescriber is not in infringement 

provided that he/she formulates the prescription as follows:

R/ preferably (brand name) otherwise (generic name), or

R/ preferably (brand name 1), otherwise (generic name 2).
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8. List of abbreviations

MEB (CBG) Medicines Evaluation Board (College ter Beoordeling van Geneesmiddelen) 

CHMP Committee for Medicinal Products for Human Use (was CPMP up to 24 April 2004)

CPMP Committee for Proprietary Medicinal Products

CTG Dutch Health Service Rates Board (College Tarieven Gezondheidszorg)

DGV Dutch Institute for Rational Use of Medicine (Doelmatige Geneesmiddelen 

 Voorziening)

EMA European Agency for the Evaluation of Medicinal Products 

FDA Food and Drug Administration

FTO/FTTO Pharmacotherapeutic Consultation/Pharmacotherapeutic Transmural 

 Consultation (Farmacotherapeutisch (transmuraal) overleg)

INN International Nonproprietary Name

KNMP The Royal Dutch Pharmacists Association (Koninklijke Nederlandse Maatschappij  

 ter bevordering der Pharmacie, KNMP)

LHV National Association of General Practitioners

RVG Register of Medicinal Products

SFK Foundation for Pharmaceutical Statistics
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Annex 1

European drug approval authorities requirements concerning
bioequivalence

Dosage forms in which bioequivalence studies are required.

The CHMP has drawn up guidelines for bioequivalence studies6 . These guidelines are 

binding on all member states of the European Union. As such, they are also used by the 

MEB. This guideline indicates that bioequivalence studies are required if there is a risk that

possible differences in bioavailability might lead to therapeutic differences. It goes on to 

cite a range of situations in which bioequivalence studies may or may not be required.

In practice, however, bioequivalence studies are almost always required for the approval of 

generic medicinal products, even if the CHMP guideline indicates that this is not strictly 

necessary.

Table 1A gives details of those dosage forms for which the CHMP requires that 

bioequivalence studies be carried out. The FDA has different requirements with regard to 

bioequivalence studies. 

-------------------------------------------------------------------

6. Note for Guidance on the Investigation of Bioavailability and Bio-equivalence. CPMP/EWP/QWP/1401/98

Table 1A.  Dose forms for which bio-equivalence studies are required

Route of administration Dose forms

Oral Suspensions and solid dose forms (neither controlled release 
nor enteric coated); based on certain characteristics of the active 
ingredient, exemption from bio-equivalence studies could be 
requested, but in practice this almost never happens

Oral Enteric coated preparations 

Oral Controlled release preparations

Cutaneous Transdermal preparations 

Other non-orally administered, systemically acting preparations 
(without controlled release)

Local Locally acting medicinal products (in this connection other 
studies are required, as bio-equivalence studies are not valid here)

Parenteral Other solutions, if there are differences regarding:
•type of solvent (oil, water)
•strength
•excipients
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Table 1B. Dose forms for which bio-equivalence studies are not required:

Route of administration Dose forms

Oral Solutions, provided that no excipient is present that affects:
•absorption
•transit time through the gastrointestinal tract
•the stability of the active ingredient 
Substantial variations in the amount of sorbitol in a 
solution can affect bio-equivalence, due to the osmotic 
effects involved. This is taken into account during the 
approval procedure.

Intravenous Aqueous solutions

Parenteral Other solutions, provided that the generic medicinal 
product is similar in terms of:
•type of solvent (oil, water)
•strength
•excipients

Per inhalation Gases for inhalation

 

Tabel 1C. Characteristics that can undermine the predictive value of bio-equivalence studies

Characteristic Example

One or more active metabolites are created

The effect is not dependent on plasma 
concentration

Irreversible binding to receptors

 

Bio-equivalence requirements

EMA and the FDA consider products to be bio-equivalent if, based on the same molar dose, a 

pharmaceutical equivalent or pharmaceutical alternative exhibits a similar rate and degree 

of availability at the site of action, and can thus be said to have a similar efficacy and degree 

of safety.

Pharmaceutical equivalents are products that have the same active ingredient, the same 

strength, and the same dose form (= tablet, controlled release tablet, enteric coated tablet, 

etc.). Different salt forms of the same medicinal product are considered to be the same 

active ingredient, unless the salt forms in question exhibit substantial differences in terms 

of efficacy and activity. Accordingly, generic medicinal products with different salt forms 

are also covered by the bio-equivalence requirement with regard to the innovator product7.
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Pharmaceutical alternatives are products with the same active ingredient and/or different 

salt form and/or different strength and/or different dose form.

Bioavailability can be characterized by the following parameters: 

• AUC
t
 of AUC

∞

• C
max

• t
max

• Ae
t
 of Ae

∞

In bio-equivalence studies, the product to be investigated is compared to an innovator 

product.

Products are regarded as bio-equivalent if the 90% confidence interval of the AUC-ratio and 

C
max

 are within 80-125% of the reference product. 

If the confidence interval is within these limits, this means that the average will deviate far 

less from the corresponding value found for the innovator product. In the U.S., 80% of 

approved generic products were found to have an average AUC and C
max

 that deviated by 5% 

or less from that of the innovator product8 .

For medicinal products with a narrow therapeutic index (no further details are provided 

concerning the medicinal products in question) the 90% confidence interval of the AUC 

ratio must lie between 90.00% and 111.11%, and if C
max

 is important then this too must lie 

between 90.00% and 111.11 %9 . The significance of this, in terms of interchangeability, is 

not known. The following generic medicinal products are known to meet this requirement:

 •Tacrolimus Sandoz

For medicinal products with large intra-individual variation (i.e. if the variation of a kinetic 

parameter exceeds 30%) the 90% confidence interval of C
max

 should be between 69.84% and 

143.19%, while the AUC-ratio should be within normal limits9.

It is only useful to measure the t
max

 ratio if fast release or a rapid onset of action is of

clinical importance, or results in adverse drug effects. If the application for approval

contains specific claims regarding t
max,

 then due consideration is given to this parameter 

during the approval procedure.

____________________________
8.  Henderson JD, Esham RH. Generic Substitution: Issues for Problematic Drugs. South Med J 2001;94(1):16-21.
9.  Guideline on the Investigation of Bio-equivalence. 20 January 2010. CPMP/EWP/QWP/1401/98 rev.1
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