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ABSTRACT
Doctors accuse individual variability or lack of quality of generic drugs for adverse reactions or lack 

of efficacy. The variability of effect of generic substitution, although accepted by clinicians as possible, is 
little discussed or even understood by them. The situation is really serious in the case of generic substi-
tution of drugs with narrow therapeutic index (NTI) or critical dose. In this paper we review the basic 
notions of variability and effectiveness of generic medication and change of attitude that would improve 
the use of these drugs.
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INTRODUCTION

Managers are trying to save avail-
able health care resources, us-
ing generic medicines, as they 
are cheaper. For a long period 
of time generic drugs were of 

no interest to drug manufacturers. All the steps 
required for registration of a new drug request-
ed for innovative drug producers, had to be 

followed for a generic drug. Although research 
was limited to the substance already used in 
pra c tice, skipping the necessary tests with 
thousands of other candidate substances, the 
costs of Phase I, II, III studies diminished the 
in terest of various generic drugs manufacturers. 
Ever y thing have transformed after a U.S. legis-
lative changes in 1984, remained in history as 
“the Drug Price Competition and Patent Term 
Re s toration Act” (also known as the Hatch-
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Waxman Act). This law allowed the producers 
to skip the trials, demonstration of bioequiva-
lence with the original product being consid-
ered enough to prove equivalence. Shortly af-
ter, the American model has been followed by 
other countries; the first country to license its 
generic substitution was Australia in 1994. To-
day, most of the countries accept the replace-
ment of an original medicine with a copy prod-
uct (1).

Specialists estimate that, for each drug, on 
average 30% of the patients experience bene-
fits, 30% do not experience any major benefit, 
10% only experience side effects, and 30% dis-
continue treatment because they have either 
no benefits or side effects (2). Often, the blame 
for the lack of effective treatment is attributed 
to the use of generic drugs.

Concerns for the replacement of those orig-
inal with copy medicines are linked to a cer-
tainty: large studies certify their efficacy and 
safety for brand drugs, while for generics effi-
cacy and safety is only presumed. All drugs 
paid a price for their beneficial effects - being 
accompanied by side effects or adverse effects 
- some serious. In 2001, in the Netherlands 
1.83% of hospital admissions had the main ca-
use an adverse drug reaction. 6% of these pa-
tients died (3).

Other authors estimate the frequency rate 
of adverse reactions as 20% of cases and in-
crease the likelihood of an adverse reaction to 
40% in patients who need to receive more than 
15 drugs per period of hospitalization! (4) In 
these circumstances the doctor’s clinical rea-
soning should be based on as many certainties. 
Doubts about the effect of insufficient efficacy 
or toxicity of a generic drug make things more 
confusing.

In Romania both generic prescribing (when 
doctor is writing the non-proprietary – generic- 
name on a prescription) and generic substitu-
tion (the pharmacist may dispense any brand of 
the drug) are allowed. Even endorsed by law 
this practice is sometime unsuitable and should 
take in consideration some clinical situations 
and particular drugs. 

Certainties and conventions on generic 
drugs

Innovative drugs have a patent that extends 
protection, usually for a period of 20 years. 
This rule was originally established in the U.S. 
through the 1984 Hatch-Waxman Act. In this 

way have been covered two aspects: on one 
hand to legislate that drugs are protected by 
patent, on the other hand has also established 
a sufficient time limit after which a drug can be 
copied. They sought to protect the interests of 
companies that invest astronomical sums in re-
search, but also to remove an unlimited mo-
nopoly on a special character commercial pro-
duct which contributes to improving the health 
of the population (5).

The fundamental convention upon which is 
based the generic drugs concept is of accep-
tance of their therapeutically equivalent if the 
original product is pharmaceutically equivalent 
(have the same active ingredients, the same 
dose and route of administration, the same 
concentration) and similar pharmacokinetics 
(PK) (bioequivalence). Bioequivalence is dem-
onstrated through studies conducted on 12-24-
36 young volunteers, men, healthy, fasting, 
who are receiving a dose of each product. As-
sessment is made by comparing the rates of 
drug absorption - peak concentration (Cmax) 
and the extent to which it occurs in the area 
under the curve (AUC) (6). AUC is determined 
by collecting serial blood samples at designated 
times after subjects have received the drug for-
mulation (innovator or generic) (7).

Two drugs are considered bioequivalent 
when demonstrates that their bioavailability 
(the percentage of drug that reaches the blood 
unchanged) is similar, within certain limits. Ac-
ceptable limits are – 20% to + 25%! (the 90% 
confidence interval (CI) of the Test-to-Refer-
ence ratio (T/R) of AUC0-t, and Cmax fall com-
pletely within the 80-125% boundary, which 
correspond to ln-transformations of the AUC to 
-/+ 22,314%) (9).

FIGURE 1. Comparison of pharmacokinetic (PK) Profiles to 
Determine Bioequivalence (8)
AUC = aria under curve.
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These limits are considered by some to be 
relatively large, but they determined this way 
to respect other conventions. Variations are ta-
king into account the 90% CI - the average me-
a surement being within more limited limits.

In 1999, the Food and Drug Administration 
(FDA) made an analysis of standard deviations 
of the parameters occurring in bioequivalence 
study for the proposed drugs in 1997. Three 
measures were reviewed: the area under the 
plasma drug concentration–time curve from 
time 0 to time t (AUC [0-t]), the AUC from time 
0 to infinity (AUC [0-Inf]), and the highest drug 
concentration (Cmax). The observed mean dif-
ference between the innovator’s product and 
the generic product for AUC (0-t) was ± 3.47% 
(SD, 2.84), for AUC (0-Inf) it was ±3.25% (SD, 
2.97), and for Cmax it was ± 4.29% (SD, 3.72). 
(10) So the concerns seem to be unjustified.

A much smaller range could lead to an un-
acceptable paradox: a reference medicinal 
product could not be “bioequivalent” with it-
self. Various pharmacopoeia admit variations of 
+ / -5% margin in active ingredient between 
the products form the same batch (9).

Another convention accepted for generic 
drugs is that different immediate release oral 
formulations are considered to be the same 
pharmaceutical form.

Moreover, “different salts, esters, ethers, iso-
mers, mixtures of isomers, complexes or deriv-
atives of active substances are considered the 
same active substance, if not show significantly 
different properties in terms of safety and/or ef-
ficacy” (11).

Many of the doubts concerning the effec-
tiveness of different generic drugs compared 
with the original are assigned to the excipients. 

These suspicions are not justified. By definition 
excipients are inert substances that have no 
biological activity. Generic excipients have to 
be previously used for approved drugs for 
which there is evidence that they have not af-
fected the safety or effectiveness (6)! Conven-
tions on therapeutic equivalence were comple-
mented with more rigorous FDA information 
for doctors, pharmacists and patients on the 
bioequivalence available data on the use of ge-
neric by coding them (the code is printed on 
the label).

FIGURE 2. FDA Requirements for Bioequivalence 
(8)

TABLE 1. FDA Therapeutic Equivalence Codes (7)

Rating Comments

A

Drug products that FDA considers to be 
therapeutically equivalent to other 
pharmaceutically equivalent products 
because either there are no known or 
suspected bioequivalence problems, or 
bioequivalence problems have been 
resolved with in vivo or in vitro data 
confirming bioequivalence

AA
Products in conventional dosage forms 
not presenting bioequivalence problems

AB
Products meeting necessary 
bioequivalence requirements

AN
Solutions and powders for 
aerosolization

AO Injectable oil solutions

AP
Injectable aqueous solutions and, in 
certain instances, intravenous 
nonaqueous solutions

B

Drug products that FDA, at present, 
considers not to be therapeutically 
equivalent to other pharmaceutically 
equivalent drug products

BC 
Extended release dosage forms 
(capsules, injectables, and tablets

BD 
Active ingredients and dosage forms 
with documented bioequivalence 
problems

BE Delayed-release oral dosage forms

BN
Products in aerosol-nebulizer drug 
delivery systems

BP
Active ingredients and dosage forms 
with potential bioequivalence problems 

BR
Suppositories or enemas that deliver 
drugs for systemic absorption

BS
Products having drug standard 
deficiencies

BT
Topical products with bioequivalence 
issues

BX
Drug products for which data are 
insufficient to determine therapeutic 
equivalence

B*
Drug products requiring further FDA 
investigation and review to determine 
therapeutic equivalence
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Sources of preconceived ideas and 
misperceptions about generic drugs

There is the lingering suspicion among phy-
sicians and patients that generic versions may 
differ in quality and therapeutic efficacy from 
the brand name drug. This suspicion is based 
mainly on preconceived ideas and incorrect 
use of generic drugs. 

1. Convention regarding compliance 
with Good Manufacturing Practice 
(GMP) as a guarantee of maintaining 
bioequivalence

The law does not impose a retest of a ge-
neric product at a random time, considering 
that once the quality criteria are met, they will 
be respected because producers are respecting 
the GMP. Such retesting is required in extreme-
ly rare situations, where a significant number of 
complaints arise regarding the quality of a 
product. For example The European Medicines 
Agency’s Committee for Medicinal Products 
for Human Use (CHMP) recommended this 
year the precautionary recall of all batches of 
eight centrally-authorized generic clopidogrel-
containing medicines, for which the active sub-
stance was manufactured by an Indian manu-
facturer. The Committee’s recommendation 
followed an inspection of the manufacturing 
site, which identified failings in Good Manufac-
turing Practices (GMP) (12). Such inspections, 
however, are extremely difficult to make in dis-
tant countries like India, China, etc.

2. The way drugs are chosen for bio-
equivalence test 

Some other conventions open the way to 
the assumptions of equivalence. Thus, the 
manufacturer has the right to choose their own 
production lot for testing and even the lot from 
a local pharmacy where from to be taken the 
original comparative drug. Thus it is able, at 
least in theory, to make its own checks on phar-
maceutical and bioequivalence before actual 
testing, if desired.

3. Bioequivalence testing only on 
healthy young subjects

For ethical reasons, bioequivalence studies 
are performed on healthy volunteers. It is con-
ventionally accepted that the similar bioavail-
ability found in these people is a solid proof of 
a similar bioavailability in sick people! There 
are opinions that require that in certain cases, 

bioavailability tests to be carried out on pa-
tients (13)!

4. The existence of variability inter and 
intra-patients even when use brand 
drugs

Someone can test and compare the inter-
patient variability, by observing the concentra-
tion versus time profile of a drug following ad-
ministration of a fixed dose to several patients. 
Bioequivalence testing is not giving any infor-
mation regarding the intra-patient variability, 
the differences in pharmacokinetics that hap-
pen within the same patient from dose to dose 
during the course of drug therapy (14).

There are people who respond unusual 
strongly to low doses or do not respond even to 
high doses due to a genetic determinism. Be-
sides these, there are factors that influence ab-
sorption: age, sex, weight, condition of organs 
providing metabolism and excretion. In case of 
oral medicines many gastrointestinal factors 
may contribute to the variability in absorption: 
gastric emptying, intestinal transit speed, lumi-
nal pH, luminal surfactant concentrations, and/
or presence or absence of food, a decrease of 
enterocites absorption capacity. Other factors 
that determine differences in drugs effect can 
vary in the binding capacity of the receptor, in-
fluenced by various pathological conditions, 
prior administration of drugs that act on the re-
ceptor itself, a variability in number of recep-
tors, changes in the integrity of body functions 
according with age, the existence of some of 
preexisting conditions (15).

5. Widespread use of generic-generic 
substitution instead of brand-generic 
substitution

Physicians should bear in mind that brand 
to generic substitution is acceptable for drugs 
with high-medium therapeutic index and un-
acceptable for the generic-generic substitution! 
Therefore, after a clinical result was obtained 
using a specific generic drug, patient should be 
instructed about the need not to change it by 
his will or by the pharmacist will. This rule is 
often violated.

At least theoretically, in the case of two ge-
neric drugs administration may exist individuals 
who can show a difference in Cmax and AUC up 
to 45% between the two drugs! We can imag-
ine that a patient receives a drug with drug bio-
availability parameters located at one end of 
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target range -20%, compared with the brand 
drug while there is and another patient who 
received another generic drug with parameters 
of bioavailability as upper limit of + 25% com-
pared with the original product. If we add to 
this range and tolerance between quantities of 
active ingredient from the same batch - of +/- 
5%, resulting that between two generic drugs 
may exist theoretical differences that might go 
to extremes up to 55%! This is why the author-
ities in the field of medicine do not put equal 
sign between two generic (9).

6. Use of generic substitution for drugs 
with narrow therapeutic index and 
critical-Dose Drugs

Therapeutic index provides information 
about the existing links between the desired 
and undesired effect. It is an important param-
eter in preclinical research phase of a substance 
with the potential to become a drug because it 
offers information about risks. A substance with 
a narrow therapeutic index is usually stopped 
from further research if the benefits are not 
large enough or if there are alternatives to treat 
the target clinical situation. Therapeutic index 
is calculated using two other indicators – ED 50 
- the effective dose to 50% of laboratory ani-
mals (dose that causes the clinical effect to half 
of the laboratory animals) and LD50% - the 
dose that kills half the laboratory animals. Ther-
apeutic index is the ratio between LD50 and 
DE50. This index extrapolates the data by com-
paring the dose per unit weight, but then they 
are correct by some data obtained during clini-
cal trials or communications in the field of toxi-
cology (15).

It is generally considered that a drug has a 
good safety spectrum in terms of therapeutic 
index, if its value exceeds value of 10. The the-
rapeutic index is considered small when the ra-
tio between LD50 and DE50 is 2 or below 2. 
NTI is often defined as a maximally safe serum 
le  vels no more than twice the minimally effecti-
ve one. Drugs with narrow therapeutic index 
re quire careful titration and individualized 
(16). 

By definition, generic substitution is not ap-
plicable for drugs with narrow therapeutic in-
dex! Drugs with narrow therapeutic index 
present small differences between the effective 
and toxic doses. Small variations in concentra-
tion of these drugs can result in an insufficient 
therapeutic response or toxic appearance.

FDA indicates over 25 NTI drugs used in 
various therapeutic indications: heart failure, 
thrombo-embolism, seizures, asthma, depres-
sion, thyroid dysfunction. Examples of drugs 
with narrow therapeutic index or critical dose 
drugs are: carbamazepine, digoxin, levothyrox-
ine, phenytoin, theophylline, cyclosporine, wa-
r farin, fentanyl, and immunosuppressants (17).

Legislative and administrative factors 
influencing improper substitution of generic 
substitution in Romania

Product substitution decisions are influ-
enced by therapeutic issues, legal matters and 
pharmacy practice factors, including work flow, 
supply issues, access to current resources (18).

1. Legislative factors
In Romania, generic substitution is encou-

raged, National Insurance House only cover 
the cost of the cheaper generic (for drugs with-
out generics compensation is set at a therapeu-
tic class level).

The law impose to the pharmacy to have 
available at least one commercial product for 
every International Nonproprietary Names 
(INN) included on the reimbursement list. As 
the Romanian legislation did not allow the doc-
tors to stipulate on their prescription in certain 
justified cases - “dispense as written” and com-
pensate the patient for the prescribed product 
instead of compensation to the minimum refer-
ence price, treatment was left to the pharma-
cist or the patient choice for any generic alter-
native. In these circumstances, indirectly, the 
patient is advised to use the cheapest generic 
to qualify for a maximum compensation level, 
the generic-generic substitution being encour-
aged. Generic-generic substitution is a com-
mon practice in Romania, which should be re-
vised.

2. Factors related to hospital drug 
delivery

In hospital, in the absence of specific rules 
of supply, from a day to another the patient 
may receive generics from different manufac-
turers, depending on the pharmacist’s option 
or the financial arrangements established by 
the chief pharmacist or manager. During hospi-
tal stay the patient may also receive a brand 
name drug. After discharge is very likely that 
the patient will benefit from another drug trade 
than the one received during hospitalization.
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3. Generic-generic substitution and 
brand-generic substitution for NTI 
drugs

Under financial and legislative pressure it 
has been overlooked the possibility that in cer-
tain clinical situations and for certain medica-
tions with narrow therapeutic index the phar-
macist should be able to release exactly the 
commercial product that has been shown a 
benefit for the patient. Generic substitution for 
drugs with narrow therapeutic index should be 
avoided and made exclusively to strictly medi-
cal indication.  

CONCLUSIONS

In administrative whirlpool or due to a defi-
cient instruction regarding the proper use of 

generic medication, doctors may be exposed 
to violate one of the most important driving 
forces in the medical art: "Primum Non No-
cere." Improper use of generics can result in 
harm to patient health or inability to obtain the 
best result for them.

To warn against the appearance of clinical 
situations dangerous to patient safety we need 
to change attitude towards pharmacovigilance 
reports and a more effective post marketing 
surveillance system that will help to identify 
therapeutic inequivalence after formulation 
substitutions, and separate these incidents from 
those caused by drug failure and/or disease 
progression (9). It is not enough to rely on data 
from abroad. This way, we can gather reliable 

information about generic drugs and increase 
our trust in them.

The patient has the right to be informed 
about his treatment and particularly about the 
consequences of improper generic-generic 
substitution, substitution for NTI or critical dose 
drugs. In special cases a written consent in ge-
neric to brand substitution may be advisable.

The pharmacy must be able to provide any 
NTI brand name or critical dose drug, not only 
any generic of this drugs, as in present.

The National Agency for Drugs and Medical 
Devices should take in consideration adopting 
the FDA labeling for generics in order to pro-
vide the Romanian doctors with supplementa-
ry information’s towards these drugs.

Legislation should take in consideration that 
a distinction is made between three forms of 
rationality: that of the physician, of the phar-
macologist, and of the patient.

Health authorities should have a constant 
concern for education of the public, pharma-
cists, physicians on the details and complexities 
involved with the approval and use of formula-
tion alternatives (9).

A decision whether to substitute an alterna-
tive product for a prescribed medication is a 
clinically based process that must be grounded 
in appropriate medical evidence, therapeutic 
equivalence information, financial factors, and 
consideration of how the substitution will im-
pact the patient (18).  
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