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Abstract
The paper provides an overview of information related to the factors, which have a significant influence on the effi−
cacy and safety of rheumatoid diseases therapy (Adv Clin Exp Med 2008, 17, 4, 453–461).
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Streszczenie
Artykuł jest przeglądem wiadomości dotyczących czynników, które mają istotny wpływ na skuteczność i bez−
pieczeństwo terapii chorób reumatoidalnych (Adv Clin Exp Med 2008, 17, 4, 453–461). 

Słowa kluczowe: choroby reumatoidalne, leki, działania niepożądane, interakcje, czynność nerek, genetyka.

Current pharmacotherapy of rheumatoid dis−
eases is a complicated procedure. More than 100
different entities are known among these chronic
disorders. They are manifested with different clin−
ical symptoms including pain, stiffness and
swelling in the joints or other body structures dis−
turbances, such as muscles, tendons, ligaments
and bones. Rheumatoid diseases can affect other
organs. They can attack the body’s immune sys−
tem. Their treatment requires administration of
a great number of drugs, which are presented in
Table 1 [1–3]. 

Moreover patients use over−the−counter (OTC)
drugs for selfmedication, often without advice of
a physician or a pharmacist. Therefore the reasons
of polypharmacotherapy are differentiated and
they are mentioned in Table 2 [4, 5]. 

Combination therapy may interact with differ−
ent mechanisms of inflammatory processes
increasing the efficacy but on the other hand, it
may increase risk of adverse effects, drug interac−
tions and treatment costs. Efficient and safe thera−
py of rheumatoid diseases requires broad knowl−
edge of drugs regarding their mechanisms of
action, pharmacokinetics, toxicity, as well as inter−
actions between administered drugs. Therefore,
careful monitoring of drugs effects is of a para−

mount importance, especially the observation of
pain and depression therapy. It is very important to
introduce in medicine the guidelines for monitor−
ing drug treatment, which can be essential to the
safe use of the drugs [2–11]. 

Nowadays, nonsteroidal anti−inflammatory
drugs are the most widely used medications. Their
efficacy has been proven in a various chronic dis−
eases, which are associated with pain and inflam−
mation. Thus the regular use of NSAIDs has been
associated with many adverse effects, especially
ulcers and gastrointestinal bleeding. Some com−
pounds are less toxic than other. High risk of gas−
trointestinal complications is associated with aza−
propazone, piroxicam, ketoprofen and indo−
methacin, intermediate risk with naproxen and
diclofenac, and lowest risk with ibuprofen. Those
drugs could be responsible for 107 000 hospital
admissions and 16 500 deaths each year. The
group at high risk for bleeding includes people
over age 65, anyone with a history of ulcers, gas−
trointestinal bleeding, people who abuse alcohol,
and those who take medications such as anticoag−
ulants and corticosteroids. Proton−pump inhibitor
drugs such as omeprazole or lansoprazole may
help prevent and heal ulcers, which are caused by
NSAIDs. Combination of two NSAIDs increases



the adverse effects without providing additional
benefit. Optimization therapy with these drugs
requires a special procedure, which is presented in
Table 3 [2, 3, 12–14].

All nonsteroidal anti−inflammatory drugs can
be found in synovial fluid after repeated dosing.
Drugs with short biological half−life time remain
in the joints longer than would be predicted from
their pharmacokinetic parameter. Drugs with
longer biological half−life time disappear from the
synovial fluid at a rate proportional to their kinet−
ic properties [2, 3]. 

Increasing the casualty incidence of NSAIDs
adverse effects is connected with the lack of a suit−
able information regarding the risks of taking
these drugs for a long time, polypragmasy and
wide media advertising.

Disease−modifying antirheumatic drugs
(DMARDs) are the standard second−line medica−
tions in rheumatology. They tend to lose effective−
ness over time and it is the reason why one drug
has not been used for more than two years by some
patients. Combining them with other drugs offers
the best approach for many patients. All DMARDs
show significant toxicity and their use requires
regular monitoring [2, 3, 15]. 

Methotrexate (MTX) is the most frequently
used drug in this group but its therapy is charac−
terized by many complications. During the first
year of the therapy about 20–30% of patients dis−
continue treatment with this drug, 38% – after five
years and 50% – after ten years withdraw it
because of adverse effects, which are presented in
Table 4 [2, 16–19]. 

Methotrexate reduces the levels of folic acid in
the body, what can lead to some of these compli−
cations. It is indicated that administration of
a 5–10 mg folic acid should take place 24–48 h
after MTX dose. The group of patients at high risk
of serious toxic effects of this drug includes: dia−
betics with existing liver and kidney problems,
alcoholics, the elderly and the patients with psori−
asis. Lung diseases occur in up to 5% of people
who take MTX. There are five key risk factors for
MTX−induced lung diseases – age, diabetes, exist−
ing rheumatoid involvement in the lung, protein in
the urine and previous use of other DMARDs.
Patients with multiple risk factors should inform
their doctor about any symptoms, such as cough−
ing, that might indicate lung injury. The patients
with no significant clinical improvement after oral
MTX or with symptoms of drug intolerance, there−
fore suppression of the disease activity, could be
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Table 1. Drugs used in rheumatology

Tabela 1. Leki wykorzystywane w reumatologii

Group Drug
(Grupa) (Leki)

Nonsteroidal Anti−Inflammatory Drugs (NSAIDs) acetylsalicylic acid, celecoxib, dexibuprofen, diclofenac, flurbipro−
fen, ibuprofen, ketoprofen, meloxicam, nabumeton, naproxen, 
piroxicam, tolmetin

Disease−Modifying Antirheumatic Drugs methotrexate, hydroxychloroquine, sulfasalazine
(DMARDs)

Biologic Response Modifiers abatacept, adalimumab, anakinra, etanercept, infliximab

Glucocorticoids prednisone, prednisolone

Immunosuppressant drugs azathioprine, cyclosporine, tacrolimus, mycophenolate mofetil, 
leflunomide 

Table 2. Reasons of combination therapy

Tabela 2. Przyczyny terapii wielolekowej

Reasons
(Przyczyny)

Advanced age of patients drug advertising in mass 
media

Coexistence of different general accessibility of 
diseases in the same drugs, especially OTC 
patients group

Therapy conducted by phenomenon of patients’ 
several doctors self−treatment

Table 3. Monitoring the safety of nonsteroidal anti−
inflammatory drugs therapy

Table 3. Monitorowanie bezpieczeństwa terapii nies−
teroidowymi lekami przeciwzapalnymi

NSAIDs adverse effects Monitored parameters
(Działanie niepożądane (Monitorowanie wskaźniki)
n.p.l.z.)

Gastrointestinal ulceration, serum creatinine, blood 
bleeding, renal damage, urea nitrogen (BUN),
dyspepsia, drowsiness, high blood cell count (CBC) 
blood pressure, fluid – every 2–4 weeks after
retention, confusion, starting therapy for 1–2
depression, rash, headache, months, aspartate amino−
hepatic toxicity transferase (AST), alanine 

aminotransferase (ALT)



seen after subcutaneous drug injections [2, 3,
17–20]. 

Sulfasalazine is another drug, which is effec−
tive in rheumatoid diseases and reduces radiologic
disease progression but approximately 30% of
patients discontinue the medication because of
toxicity. The main goal of monitoring is an early
detection of hematologic toxicities. Its adverse
reactions and rules of monitoring therapy are
shown in the Table 4 [2].

Hydroxychloroquine is approved for rheuma−
toid diseases, but it is not considered very effica−
cious in comparison to other DMARDs. The main

advantage of hydroxychloroquine is a lack of
myelosuppressive, hepatic and renal toxicities that
may be seen with other DMARDs. Patients who
take hydroxychloroquine should be cautioned to
report any symptoms, which might be the reason
of drug discontinuation and ophthalmologic eval−
uation. Any visual changes must be reported
immediately. The goal of this drug monitoring
therapy is to early detect reversible retinal toxicity
(Table 4) [1].

Biologic agents have proven effective for
patients who fail to achieve improvement with
other DMARDs. There is an increased incidence
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Table 4. Monitoring the safety of methotrexate, sulfasalazine, hydroxychloroquine therapy

Tabela 4. Monitorowanie bezpieczeństwa terapii metotreksatem, sulfasalazyną, hydroksychlorochiną

Adverse effects Monitored parameters
(Działania niepożądane) (Monitorowane wskaźniki)

Methotrexate (Metotreksat)

Myelosuppresion, liver damage, kidney disturbances, CBC with platelets, AST, albumin – every 1–2 months, 
stomatitis, nausea, vomiting, pulmonary infiltrates serum creatinine, mean corpuscular volume (MCV) – at 
or fibrosis, rash, mild hair loss, headache, muscle aches, first every 4, later every 8 weeks, ALT,  alkaline phospha−
increased risk for infections, particularly herpes zoster tase (ALK−P), albumin, total bilirubin, hepatitis B and C 
and pneumonia, central nervous system disorders, studies, annual chest X−ray, regular spirometry
MTX−induced nodulosis, postdosing reactions

Sulfasalazine (Sulfalazyna)

Myelosuppression, rash, stomach, intestinal distress, CBC with platelets – every 2−4 weeks for first 3 months, 
sensitivity to sunlight, lung problems, haemolysis in then every 3 months; patients with intestinal and urinary
patients with glucose−6−phosphate dehydrogenase obstructions or who have allergies to sulfa drugs or 
(G6PD) deficiency salicylates should not take sulfasalazine

Hydroxychloroquine (Hydroksychlorochina)

Retinal damage, myopathy, blurred vision, accommodation ophtalmoscopy every 6–12 months 
difficulty, gastrointestinal complaints, mild headaches

Table 5. Monitoring the safety of biological drugs therapy

Tabela 5. Monitorowanie bezpieczeństwa terapii lekami biologicznymi

Drug Adverse effects Procedure
(Lek) (Działania uboczne) (Działania)

Adalimumab, anakinra, local injection−site reactions, infections to prevent injection reactions pretreatment
etanercept, infliximab with betamethason

Abatacept, rituximab headache, nausea, flu−like symptoms monitored increased risk for infections

Adalimumab, etanercept, sepsis, pneumonia, tuberculosis, non− patients should be screened for latent or 
infliximab melanoma skin cancer, possibly lymphoma, active tuberculosis before starting this 

lupus, heart failure, blood disorders including group of drugs
aplastic anemia, palmoplantar psoriasis, 
liver damage

Infliximab autoimmunization, formation of human concurrent therapy with methotrexate
antichimeric antibodies

Abatacept increase risk for respiratory complications cautiously use in patients with chronic
obstructive pulmonary disorder

Rituximab brain infection called progressive multifocal 
leukoencephalopathy (pml), hepatitis B
reactivation, viral infections, heart rhythm 
disturbances



of tuberculosis in patients treated with those
agents. Quantiferon blood test, a likely alternative
to traditional Tuberculin skin test, is recommend−
ed before treatment with these drugs. Patients with
a history of significant tuberculosis exposure or
recurrent infection may not be good candidates for
the therapy. Additionally, congestive heart failure

is a relative contraindication for infliximab and
etanercept. During infliximab therapy autoanti−
bodies and lupus−like syndrome have been report−
ed. The combination of methotrexate and infix−
imab halted progression of joint damage and pre−
vent development of antibodies. The principles of
biological drugs monitoring therapy are presented
in Table 5 [1, 2, 16, 21–25].

Glucocorticoids are the most common inflam−
matory drugs in rheumatology. They are very
effective but adverse effects are frequently
observed during therapy with these medications.
In 2003 American College of Rheumatology has
proposed their repartition, which is presented in
Table 6 [3, 26].

The patient’s risk factors for adverse glucocor−
ticoids effects include the family history of dia−
betes, hypertension, preexisting cataract, glauco−
ma, documented low bone mineral density or pre−
mature menopause as osteoporosis risk factor. The
major limitation to the long−term use of glucocorti−
coids is the adverse effects mentioned in Table 7.
To minimize them, the lowest effective dose should
be used and the duration of therapy should be lim−
ited. Patients on long−term therapy should be given
calcium and vitamin D to minimize bone loss.
Administration of biphosphonates to reduce the
risk of osteoporosis should be based on bone−min−
eral density measurement. The elimination half−life
time of most glucocorticoids is sufficiently long so
that once−daily dosing is possible [2, 26, 27].

Immunosuppressants belong to the third−line
drugs that suppress the body’s immune system.
Table 8 presents cyclosporine adverse effects and
parameters which should be observed during ther−
apy [2, 16].

Tacrolimus has an adverse reactions profile
similar to that of cyclosporine. To the most report−
ed adverse effects of mycophenolate mofetil
belong: headache, nausea, diarrhea, abdominal
pain, arthralgia, pancreatitis, toxidermia, and an
atypical drug−induced colitis. Hepatic toxicities
are infrequent but must be monitored [1, 2, 16].

Adverse effects that limit azathioprine use
occur in 10–25% of patients. The most commonly
observed dose−dependent adverse reaction is bone
marrow suppression, which may occur at any time
during treatment. There are reports of long−term
azathioprine administration culminating in chronic
liver diseases and hypertension. The distress sig−
nals may be minimized with adequate monitoring
by full blood count and liver enzyme tests [2, 16].

Many factors must be taken into consideration
when deciding on the best drug dose for a patient.
Individualization of therapy should be based on
patient’s characteristics including age, gender,
body weight, genetic factors, pregnancy and lacta−
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Table 6. Classification of glucocorticoids adverse effects

Tabela 6. Klasyfikacja działań niepożądanych glikokor−
tykosteroidów

Adverse effects of glucocorticoids
(Działania niepożądane glikokortykosteroidów)

Foreseeable Unforeseeable 
(Przewidywalne) (Nieprzewidywalne)

Acne arteriosclerosis

heart failure cataracts

diabetes mood disorders

glaucoma myopathy

hypertension bone necrosis

osteoporosis infections

gastric ulcer ecchymosis

sleep and memory overweight
disturbances

Table 7. Monitoring the safety of glucocorticoids therapy

Tabela 7. Monitorowanie bezpieczeństwa terapii glikoko−
rtykosteroidami

Glucocorticoids adverse Monitored parameters
effects (Monitorowane 
(Działanie niepożądane wskaźniki)
glikokortykosteroidów)

Hypertension, hyperglycemia, blood pressure at each 
osteoporosis, myopathies, visit, chemistry panel 
glaucoma, cataracts, gastritis, with serum glucose and 
hirsutism, electrolyte cholesterol levels, bone 
imbalances, skin atrophy, densitometry, eye exami−
increased susceptibility to nation in patients over the 
infections age of 65 or with a family

history of glaucoma

Table 8. Monitoring the safety of cyclosporine therapy

Tabela 8. Monitorowanie bezpieczeństwa terapii 
cyklosporyną

Cyclosporine adverse Monitored parameters
effects (Monitorowane 
(Działanie niepożądane wskaźniki)
cyklosporyny)

Renal insufficiency, anemia, serum creatinine, uric 
hypertension, neurotoxic acid, liver function tests,
effects, hepatotoxicity, complete blood cell 
increased risk to infections count, blood pressure

every month



tion time, concomitant diseases and environmental
factors [2, 3, 28, 29]. It is very important in clini−
cal practice to consider the undesirable drug inter−
actions (i.e. therapeutic undesirable activity, which
can be observed in patients during simultaneous
administration of two or more drugs, based on the
reduction or intensification of their activity, the
appearance of toxic symptoms or the activity qual−
itatively different from the expected one). Some of
those drug interactions are presented in the Tables
9, 10 and 11 [30–32].

Sulfasalazine’s absorption can be decreased
when antibiotics that destroy the colonic bacteria
are used. This drug also binds iron supplements in
the gastrointestinal tract that can lead to
a decreased absorption of sulfasalazine. The
administration of these two drugs should be sepa−
rated temporally to avoid this interaction.
Sulfasalazine can potentiate warfarin’s effects by
displacing it from protein−binding sites. Close
monitoring of the patient’s International
Normalized Ratio is indicated [2].

Methotrexate’s concentration is increased in
the presence of hydroxychloroquine. The combi−
nation of methotrexate with leflunomide is very
effective but it raises a risk for liver toxicity and
requires monitoring. Everyone who takes lefluno−
mide should be regularly monitored and anyone
with liver problems should avoid this drug. A 2005
study found that monitoring serum concentrations
of its active metabolite could help predict treat−
ment response [3].

Until now a small number of observations
concern biological drug interactions. An increased
risk of serious infection and neutropenia was

reported if infliximab or etanercept was given with
anakinra. Patients who received treatment with
abatacept and tumor necrosis factor antagonists
e.g. infiximab, adalimumab experienced a higher
incidence of serious infections. It is the reason
why their concurrent use is not recommended.
A reduced neutrophil count may occur in patients
treated with etanercept and sulfasalazine.
Etanercept is not recommended in patients receiv−
ing cyclophosphamide. Live vaccines should not
been given to patients taking infliximab, etaner−
cept and abatacept [21, 31].

Rational therapy also requires the knowledge
of kidney function, the organ which is responsible
for eliminating processes of various drugs. Renal
failure is usually accompanied by rheumatoid dis−
eases as well as the applied therapy. Estimation of
the optimum schema of drug dosage requires the
assessment of the degree of organ insufficiency in
particular patients. Nowadays, determination of
small molecule protein β2−microglobulin, α1−mi−
croglobulin and enzyme activity, especially that of
N−acetyl−β−D−glucosaminidase (NAG) in urine,
have been considered as the most sensitive factors
of renal tubules efficiency. NAG has found its
application as a sensitive and an early indicator of
disorders of proximal tubules and parenchymatous
kidney lesion. Monitoring kidney function includ−
ing the determination of the activity of that
enzyme is of a high clinical value and it can be
helpful in carrying out an efficient and safe thera−
py with drugs like methotrexate and infiximab
[33–36].

Speaking about optimalization of therapy in
rheumatology, one cannot forget about the exami−
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Table 9. Nonsteroidal anti−inflammatory drugs interactions with other drugs

Tabela 9. Interakcje niesteroidowych leków przeciwzapalnych z innymi lekami

Drugs simultaneously Type and consequences of interaction
administered with NSAIDs (Rodzaj i konsekwencje interakcji)
(Leki podawane jedno−
cześnie z n.l.p.z.)

Methotrexate enhancement of methotrexate toxicity as a result of its displacement from protein binding 
and impairment of renal tubular secretion of this drug

Corticosteroids increase in cortycosteroids concentration due to decrease in their renal excretion, gastropa−
thy, bleeding from gastrointestinal tract

Cyclosporine, tacrolimus enhancement of nephrotoxicity by NSAIDs

Hypotensive drugs (beta− reduction of hypotensive effect of these drugs due to increase in synthesis of vasodilatory 
adrenolytics, angiotensin prostaglandins by NSAIDs
converting enzyme inhibitors, 
diuretics)

Anticoagulant drugs higher risk of bleeding from gastrointestinal tract due to inhibition of platelets activity and 
(coumarin derivatives) prothrombin synthesis, such as coumarins displacement from blood protein binding

Antidiabetic drugs intensification of hypoglycemic activity by hypoglycemic action of some of NSAIDs and
by displacement of antidiabetic drugs, especially sulphonylureas derivatives, from blood
protein binding and inhibition of their metabolism



nations connected with determination of the
patient’s phenotype and genotype in relation to the
activity of a particular enzyme. The activity of
some enzymes taking part in metabolism of the
drugs e.g. azathiopryne features considerable indi−
vidual variability conditioned genetically. The
same dose of immunosuppressive drug adminis−
tered to different patients can evoke different phar−
macological effects. For instance, it has been
assumed that about 10% of population has inter−
mediate activity and 0.3% low or even lack activ−
ity of thiopurine methyltransferase (TPMT), the
enzyme responsible for metabolism of azathio−
prine. Those patients are at risk for toxicity, espe−
cially severe neutropenia, after receiving standard
doses of drug. Pre−treatment TPMT genotyping
would eliminate 50% of the cases of haematologi−
cal toxicity. There have been identified over 23
variants of TPMT gene, associated with decreased
enzyme activity. However, three alleles, TPMT*2,
TPMT*3A and TPMT*3C, account for 80–95% of
intermediate or low activity cases. Those alleles
frequency differs between ethnic groups [37, 38].
In the Polish population it is similar to those deter−
mined for other Caucasian populations, as shown
in Table 12 [39]. 

TPMT phenotyping and genotyping may be
complementary. However phenotyping may be the
preferable routine test and genotyping is reserved
for individuals post blood transfusion or those who
take drugs which can alter enzyme activity e.g.
acethylsalicylic acid and sulphasalazine. Since
2006 the British Society of Rheumatology guide−
lines include recommendation that TPMT enzyme
level testing should be considered prior to admin−
istration of azathiopryne [40]. 

Pawlik et al. have observed that the frequency
of remission in patients with rheumatoid arthritis
(RA) after therapy with methotrexate and gluco−
corticoids was significantly lower in patients with
GG genotype as compared with GT and TT geno−
types. They suggested that interleukin IL−2 pro−
moter polymorphism could be a genetic risk factor
determining the effectiveness of RA treatment
[41]. The results from the study by Droździk et al.
suggest that 3435C>T ABCB1 gene polymor−
phism may influence the efficacy of rheumatoid
arthritis therapy with arechine. They observed that
the probability of remission of disease symptoms
in patients who where treated with arechine was 
4−fold higher in carriers of ABCB1 3435TT geno−
type than in patients with ABCB1 3435CC geno−
type [42, 43].

The effectiveness of therapy of rheumatoid dis−
eases can be also increased through taking into
account the time of drug administration. Observ−
ations suggest that the best time for taking NSAIDs
may be after the evening meal and then again on
awakening. The symptoms of diseases increase
gradually during the night, reaching their greatest
severity at the time of awakening. It was studied that
Aspirin produces a 20% increase in half−life time,
when is taken at 6 am compared with other times of
the day. Diclofenac, indomethacin, sulindac and
ketoprofen all attain 30 to 50% higher plasma peak
concentrations when ingested in the morning as
compared with other times during the day [1–3].

Nowadays the treatment of rheumatoid diseases
has become a complex procedure. In this article are
discussed only some of the treatment rules, which
are significantly related to the improvement of
effectiveness and safety of therapy.
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Table 10. Methotrexate interactions with other drugs

Tabela 10. Interakcje metotreksatu z innymi lekami

Drugs simultaneously administered with MTX Type and consequences of interaction
(Leki podawane jednocześnie z MTX) (Typ i konsekwencje interakcji)

Cholestyramine, neomycin, paromomycin decrease in MTX gastrointestinal absorption, diminishing MTX
action

Griseofulvin, rifampicin, phenobarbital induction of MTX metabolism, diminishing of MTX action

NSAIDs, sulfonamides, probenecid displacement of MTX from serum albumin binding, increase in its
activity, enhancement of MTX toxicity

Salicylates, sulfonamides, cefalotin, penicillin, competitive impairment of renal tubular secretion of MTX, increase 
probenecid in activity, enhancement of toxicity

Aminoglycosides, cisplatin, ciclosporin, impairment of kidney function, decrease of MTX excretion, increase
procarbazin in MTX pharmacological activity, enhancement of MTX toxicity

Phenylbutazone, amidopirine enhancement of MTX bone marrow depression

Azathioprine, sulfasalazine increase in hepatotoxicity risk

Mercaptopurine inhibition of mercaptopurine metabolism by MTX, enhancement of
mercaptopurine activity
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Table 11. Cyclosporin and tacrolimus interactions with other drugs

Tabela 11. Interakcje cyklosporyny i takrolimusa z innymi lekami

Immunosuppresant drugs other simultaneously administered Type and consequences of interaction
(Leki immunosupresyjne) drugs and substances (Rodzaj i konsekwencje interakcji)

(Inne leki i substancje podawane 
jednocześnie)

Cyclosporin, tacrolimus macrolides – erythromycin, inhibition of cyclosporin and tacrolimus 
clarithromycin,  josamycin metabolism by macrolides, increase in immuno−

suppresant drugs effect

Cyclosporin antifungal drugs – ketoconazole, inhibition of cyclosporin metabolism by antifungal 
fluconazole, itraconazole drugs, increase in its activity. 

Necessity of 85% reduction in cyclosporin
dosages during simultaneous therapy with keto−
conazole, and of 50% – during therapy with flu−
conazole

Tacrolimus fluconazole inhibition of tacrolimus metabolism by flucona−
zole, enhancement of tacrolimus activity.
Necessity of 50% reduction in tacrolimus dosages
during simultaneous therapy with fluconazole

Cyclosporin, tacrolimus diltiazem inhibition of immunosupressant drugs metabolism
by diltiazem, increase in their activity

Cyclosporin verapamil inhibition of ciclosporin metabolism by verpamil,
enhancement of ciclosporin activity

Tacrolimus nifedipine, nelfinavir, ritonavir, inhibition of tacrolimus metabolism by the above 
saquinavir drugs, enhancement of its activity

Cyclosporin, tacrolimus grapefruit juice inhibition of cyclosporin and tacrolimus first pass
metabolism in intestine, increase of bioavailabili−
ty, enhancement of activity

Cyclosporin, tacrolimus rifampicin, phenytoin, St John’s induction of immunosupressant drugs metab−
wort olism by the above drugs, diminishing its activity

Table 12. Thiopurine S−methyltransferase allele frequences in Polish population in comparison with other populations

Tabela 12. Częstotliwość występowania alleli metyltransferazy tiopuryny w polskiej populacji w porównaniu z innymi populac−

Population TPMT alleles frequency (%)
(Populacja) (Częstość występowania alleli TPMT)

*2 *3A *3C Sum *2, *3A, *3C

Polish 0.35 3.7 0.25 4.3

German 0.2 4.4 0.4 5.0

British 0.4 4.5 0.3 5.3

French 0.7 3.0 0.4 4.1

White American 0.2 3.2 0.2 3.6

Afroamerican 0.4 0.8 2.4 3.6

Chinese 0 0 2.3 2.3

Japanese 0 0 1.5 1.5
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