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Abstract. The review article deals with knowledge of 6-thioguanine therapy. Azathioprine and 6-mercaptopu-
rine have been used for many years in the treatment of inflammatory bowel disease. In 20 - 30 % of the patients,
long-term administration does not show any significant effect or lead to the occurrence of adverse effects. The
application of 6-thioguanine, the effective substance, can be effective in approximately 60 % of these patients
with intolerance to azathioprine or with failure of standard immunosuppressive therapy. In view of the potential
hepatotoxicity of 6-thioguanine, use of the drug should only be limited to controlled clinical tests.
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Souhrn. Clanek shrnuje viastni i literarni zku$enosti s terapii 6-thioguaninem u pacientd s idiopatickymi stfev-
nimi zanéty. Azathioprin a 6-merkaptopurin jsou uZivany v terapii stfevnich zanétd jiz mnoho let. U 20 - 30 % paci-
entu ale tyto preparaty nemaji Zadouci efekt nebo vedou k fadé neZadoucich ucinkd. Podani viastni uc¢inné latky,
6-thioguaninu, muZe byt efektivni az u 60 % pacientd netolerujicich azathioprin &i u pacientd, u kterych stan-
dardni imunosupresivni lé¢ba selhala. Z duvodu potencionalni hepatotoxicity 6-thioguaninu je lé¢ba timto pre-
paratem omezena zatim pouze na kontrolované klinické studie.
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Thioguanine derivatives, azathioprine and 6-mercap- Derivaty thioguaninu, azathioprin a 6-merkaptopu-
topurine, have been used for many years in the treat- rin, jsou v terapii idiopatickych stfevnich zanétd uzi-
ment of inflammatory bowel disease. They represent vany jiz mnoho let. Predstavuji zakladni Iéky v terapii
major drugs in therapy of steroid-dependent, steroid kortikodependentni a kortikoresistentni formy idiopa-
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refractory and as well as in chronic active Crohn’s
disease and ulcerative colitis. Even though azathioprine
(6-mercaptopurine) is effective, it is still far from opti-
mal effectiveness because of several limitations. In
20 - 35 % of the patients, long-term administration of
azathioprine or 6-mercaptopurine does not show any
significant effect and does not lead to improvement of
the course of the disease or to steroid sparing effect.
Another limitation is the occurrence of adverse effects
of the therapy, which can be observed in 10 - 15 % of
the patients. They are caused either by myelosuppres-
sion or can occur as an idiosyncratic reaction such as
induced pancreatitis or hepatitis (14). An important
limitation is also a relatively long period of latency of
the significant clinical effect of the therapy, which ran-
ges from 6 to 9 months in some patients. Delayed
beginning of the positive effect prevents azathioprine
(6-mercaptopurine) from use in highly active disease.
Sandborn tried to shorten the long period of latency of
the clinical effect by parenteral administration of azat-
hioprine. This trial, however, showed that intravenous
administration of azathioprine did not lead to an acce-
leration of the therapeutic effect (15).

A significant percentage of patients who do not
respond to the therapy, show frequent signs of intole-
rance to the drug and delayed efficacy are the main
reasons why new possibilities for immunosuppressi-
ve therapy are being sought.

The metabolism of thioguanine derivatives and
measurement of thiopurine methyl transferase
activity

Azathioprine is quickly non-enzymatically transfor-
med to 6-mercaptopurine or other sulfhydryl-contai-
ning proteins with production of a nitro-imidazole
derivate that may also have some immunomodulato-
ry properties (5). 6-mercaptopurine is further metabo-
lised through three competitive pathways (Figure 1).

The first pathway is the metabolic conversion into
thiouracic acid mediated by xanthine oxidase. In the
treatment of hyperuricaemia (allopurinol) this metabolic
pathway can significantly increase the concentration of
metabolites, which suddenly increase the toxicity of
the therapy. For these reasons, during the concurrent
administration of inhibitor of xanthine oxidase, the ori-
ginal dose of azathioprine (6-mercaptopurine) must be
decreased to 25 % of the overall daily dose. Two per-
cent of the general population may have a deficient
gene for xantin oxidase giving rise to hypouricaemia.

6-thioguanine in inflammatory bowel disease
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tickych stfevnich zanétl a déle u chronicky aktivni
Crohnovy nemoci a ulcerdzni kolitidy. Prestoze jde
o léky nepochybné velmi uginné, jejich efektivita neni
vzdy optimalni. Asi u 20 - 35 % léCenych pacientl
nevede dlouhodobé podavani azathioprinu &i 6-mer-
kaptopurinu ke zfetelnému klinickému efektu Ié€by ani
k moznosti snizit davku kortikosteroidd. U 10 - 15 %
nemocnych naopak dochazi k vyskytu zavaznych
nezadoucich ucinkd. Mezi ty patfi zejména supresivni
ucinek na kostni dfen a idiosynkrastické reakce jako
je indukovana pankreatitida nebo hepatitida (14). Dal-
S§im omezenim |éCby azathioprinem je pomérné dlou-
ha doba nastupu UCinku, u nékterych pacientl se
plny efekt projevi az za 6 - 9 mésict IéCby. Tento fakt
znemoznuje podavani azathioprinu u vysoce aktivni
formy idiopatickych stfevnich zanétd. Sandborn se
pokousel zkratit tuto dobu intraven6éznim podavanim
azathioprinu, ale jeho studie prokazala, Ze ani paren-
teralni podani nastup uc€inku urychlit nedokaze (15).

Pomérné vysoké procento pacientl nereaguijicich
na lécbu azathioprinem a 6-merkaptopurinem, ¢asty
vyskyt nezadoucich U¢inkl a dlouha latence nastupu
efektu téchto imunosupresiv jsou hlavnimi ddvody,
pro€ jsou stéle hledany nové moznosti terapie.

Figure 1 / Obr. 1
Metabolism of thioguanine derivates.
Metabolismus thioguaninovych derivatu.
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AZA - azathioprine / azathioprin

6-MP - 6-mercaptopurine / 6-merkaptopurin

6-MMP - 6-methylmercaptopurine / 6-metylmerkaptopurin
6-TU - thiouracic acid / kyselina thiomoc¢ova

6-TIMP - thioinosinic monophosphate / thioinosimonofosfat
6-TG - 6-thioguanine / 6-thioguanin

6-TGN - 6-thioguanine nucleotids / 6-thioguaninové nukleotidy
6-MTG - 6-methylthioguanine / 6-metylthioguanin

TPMT - thiopurine methyl transferase / thiopurin-metyl-transferaza
XO - xanthine oxidase / xantin-oxidaza

HGPRT - hypoxantine guanine phosphoribosyl transferase /
hypoxantin-guanin-fosforibosyl-transferaza
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The second metabolic pathway of 6-MP is media-
ted by thiopurine methyl transferase (TPMT). This
enzyme degrades 6-mercaptopurine into 6-methyl-
mercaptopurine. If 6-methylmercaptopurine reaches
a high concentration in the body, it has strongly hepa-
totoxic properties. In the general white population,
nearly 90 % of people have normal TPMT activity; in
10 % of cases these are heterozygotes with a muta-
tion of one allele and a lower TPMT activity, while
0.3 % of the cases are homozygotes with a mutation of
both alleles encoding on the 6th chromosome for this
key enzyme (18). The result of the mutation of both
alleles is an extremely low TPMT activity. In this case,
the usual dose of azathioprine or 6-mercaptopurin is
highly toxic because the degradation into by-pro-
ducts (6-methylmercaptopurine) is missing. The
effective metabolites accumulate in the body with
signs of toxicity, especially with damages to the bone
marrow. This situation is still more complicated due to
the fact that TPMT activity can also be influenced by
exogenous factors. For example, diuretics and aza-
thioprine itself can induce TPMT activity while sulfa-
salazine and mesalazine may inhibit it (16). Since
there is a significant variability in the activity of TPMP,
there is an idea that monitoring the enzyme activity or
the genotyping can significantly minimize the toxicity
of these drugs. Colombel et al. proved that assess-
ment of TPMP activity or providing the genetic analy-
sis of the TPMP gene reduces the risk of myelotoxici-
ty in only one third of patients (4). Therefore, with the
majority of them, monitoring TPMP activity had no
effect on the prediction of toxicity of the treatment. In
our previous study we did not find any correlation
between TPMT activity and good response to azathio-
prine therapy (2). Approximately 10 % of our patients
developed adverse events, among them, hepatotoxi-
city was strongly associated with a high level of 6-
methylmercaptopurin (Graph 1).

The third metabolic pathway of the degradation of
6-mercaptopurine is the creation of 6-thioguanines,
which ensure an immunosuppressive effect. These
substances are created by the activity of hypoxanthi-
ne guanine phosphoribosyl transferase (HGPRT) and
they allow, through a metabolic by-product thioinosi-
nic acid, the production of 6-thioguanine nucleotides.
There is no polymorphism documented in the HGPRT
gene. Lesch Nyhan syndrome is characterized by
a congenital lack of this enzyme activity. The immu-
nosuppressive effect of 6-thioguanine depends on
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Metabolismus thioguaninovych derivatii a méreni
aktivity thio-purin-metyl-transferazy

Azathioprin je neenzymaticky transformovan na 6-
merkaptopurin a na dalsi sulfhydryl-obsahujici latky.
Zaroven se uvolnuji nitroimidazolové derivaty, které
mohou mit téz imunomodulaéni vlastnosti (5). 6-mer-
kaptopurin je dale metabolizovan tfemi kompetitivni-
mi cestami (Obr. 1).

Prvni pfedstavuje metabolicka konverze xantin-oxi-
dazou na kyselinu 6-thiomo&ovou. P¥i |é€bé hyperuri-
kémie, kdy je podavan alopurinol blokujici tento
enzym, muUze dojit ke zvySeni toxicity azathioprinu
a 6-merkaptopurinu. Proto davka v tomto pfipadé
musi byt snizena na zhruba 25 % puvodni denni
davky. Dvé procenta populace maji deficientni gen
pro tvorbu xantinoxidazy, coz ma za nasledek nizkou
hladinu kyseliny moCové v séru.

Druh&a metabolicka cesta 6-merkaptopurinu je zpro-
stfedkovana thio-purin-metyl-transferazou. Tento
enzym, ktery je kédovan genem na 6. chromozomu,
degraduje 6-merkaptopurin na 6-metylmerkaptopu-
rin. Dosahne-li 6-metylmerkaptopurin vysokych kon-
centraci, mlUze dojit k projevim hepatotoxicity.
V bélosské populaci ma témér 90 % osob normalni
aktivitu thio-purin-metyl-transferazy, v 10 % pfipadu
jde o heterozygoty s mutaci jedné alely a snizenou
aktivitou thio-purin-metyl-transferazy. Asi tfi desetiny
procenta pacientd jsou homozygoti s mutaci obou
alel a s vyslednou velmi nizkou aktivitou thio-purin-
metyl-transferazy (18). U téchto osob chybi degrada-
ce na intermediarni produkty (6-metylmerkaptopurin)
a dusledkem je kumulace 6-thioguanosini v téle
a Utlum kostni dfené. Thio-purin-metyl-transferaza je
enzym, ktery je navic ovlivnitelny exogennimi faktory.
Napfiklad diuretika a dokonce i azathioprin indukuiji
zvySenou aktivitu thio-purin-metyl-transferazy, naopak
sulfasalazin ¢i mesalazin enzym inhibuiji (16). Protoze
byly zjistény tyto individudlni rozdily v aktivité, zac¢alo
se zkoumat, zda monitorovani aktivity enzymu i
genotypizace nemohou napomoci snizit toxicitu léku.
Colombel se spol. (4) prokazal, ze stanoveni aktivity
thio-purin-metyl-transferazy nebo geneticka analyza
genu pro thio-purin-metyl-transferazu redukuje riziko
myelotoxicity jen u tfetiny pacientl (4). Monitorovani
aktivity thio-purin-metyl-transferazy tedy nema
vyznamnéjsi efekt na predikci toxicity terapie. Vysled-
ky nasdi studie ukazaly, Ze neni vyznamnéjsi vztah
mezi hladinou aktivity thio-purin-metyl-transferazy
a pfiznivou klinickou odpovédi na podani azathiopri-
nu (2). Nezadouci ucinky jsme zaznamenali u 10 %



the induction of lymphocyte apoptosis. The destruc-
tion of excessively stimulated lymphocytes in the
intestinal mucosa then compensates for the loss of
tolerance to microbial antigens. Knowledge of the
metabolism was the basis of the belief that administ-
ration of the effective substance 6-thioguanine itself
could minimize the toxicity of by-products and would
have a targeted action. The application of 6-thiogua-
nine spares the long metabolic pathway, which may
be one of the possible causes of intolerance and inef-
ficacy of azathioprine or 6-mercaptopurine therapy.

6-thioguanine concentration and the effect of
azathioprine (6-mercaptopurin)

Several recent studies have analyzed correlation
between the levels of metabolites in blood and the
efficacy or toxicity of azathioprine and 6-mercapto-
purine. The cut-off level of 6-thioguanine concentrati-
on in blood corresponds to 230 - 250 pmol/8x10° red
blood cells and concentration higher than 500
pmol/8x10°® red blood cells is linked with a risk of
myelotoxicity. This fact is based on the study (9) in
which 65 % patients with 6-thioguanine concentration
higher than 230 pmol/8x10° red blood cells were free of
clinical signs of the disease activity. In comparison
with these, only 28 % of the patients who had active
disease while having the same 6-thioguanine con-
centration. The occurrence of hepatotoxicity is corre-
lated with the concentration of 6-methylmercaptopu-
rine in the erythrocytes. Patients with clinical or labo-
ratory signs of toxic liver damage had a significantly
higher value of 6-methylmercaptopurine in the eryth-
rocytes (>5.700 pmol/8x10® red blood cells) in com-
parison with patients who did not develop liver dama-
ge (9). Cuffari et al. found that patients with a con-
centration of 6-thioguanine in the erythrocytes higher
than 235 pmol/8x10® red blood cells had a signifi-
cantly lower production of y interferons in the perip-
heral lymphocytes (6). However, it is necessary to
mention that correlation between the levels of eryth-
rocyte 6-thioguanine and clinical response was not
confirmed in all studies (1,12). Currently, it is not clear
whether measuring 6-thioguanine concentration in
erythrocytes has any predictive significance for esti-
mating the therapeutic response.

Thomas et al. (17) assessed the size of erythrocytes
in patients treated with azathioprine or 6-mercapto-
purine in relation with the concentration of 6-thiogua-
nine. They found that the size of the erythrocytes was
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6-methylmercaptopurin levels and hepatotoxicity.

Levels of 6-methylmercaptopurin (6-MMP) are significantly
higher in patients with signs of hepatotoxicity (HPTX) compared
to those without hepatotoxicity (Non HPTX), p < 0.05.

Hodnoty 6-metylmerkaptopurinu a hepatotoxicita.

Hodnoty 6-metylmerkaptopurinu (6-MMP) jsou signifikantné
vy$$i u pacientl se znamkami hepatotoxicity (HPTX) ve
srovnani s nemocnymi bez hepatotoxicity (Non HPTX), p < 0,05.

naSich pacientl. Hepatotoxicita korelovala se zvysSe-
nou hladinou 6-metylmerkaptopurinu (graf 1).

Treti metabolickou cestou degradace 6-merkapto-
purinu je vlastni tvorba ucinnych substanci (6-thiogu-
anind) majicich imunosupresivni efekt. Vznikaji puso-
benim hypoxantin-guanin-fosforibosyl-transferazy
a pres metabolicky meziprodukt kyselinu thio-inosi-
novou umoznuji tvorbu 6-thioguaninovych nukleoti-
dd. Gen pro tvorbu hypoxantin-guanin-fosforibosyl-
transferazy na rozdil od genu pro thio-purin-metyl-
transferdzu polymorfismus nevykazuje. Vrozenéa
absolutni deficience aktivity enzymu hypoxantin-gua-
nin-fosforibosyl-transferazy je podkladem tzv. Les-
chova-Nyhanova syndromu. Imunosupresivni ucinek
6-thioguaninl spociva v indukci apoptdézy nadmérné
stimulovanych lymfocytd. Dusledkem je Uprava poru-
8ené rovnovahy imunitniho systému stfeva reagujici-
ho na mikrobialni antigeny. Na zakladé téchto znalos-
ti je zaloZzena predstava, Ze podavanim vlastni u¢inné
latky 6-thioguaninu se snizi vyskyt nezadoucich ucin-
ki zpusobenych meziprodukty purinového metabo-
lismu a zrychli se nastup uCinku. Obejde se totiz
metabolicka cesta, ktera muze byt jednou z hlavnich
pficin intolerance a neucinnosti terapie azathioprinem
nebo 6-merkaptopurinem.

Koncentrace 6-thioguaninu a efekt terapie azat-
hioprinu (6-merkaptopurinu)

Recentni studie analyzovaly korelaci mezi hladinou
metabolitd azathioprinu a 6-merkaptopurinu v Kkrvi
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closely correlated with the concentration of 6-thiogu-
anine and that it is a significant and simple laborato-
ry indicator of the efficiency (17). In another trial, it
was shown that an increase of at least 6 fL in the
volume of red blood cells, in comparison with baseli-
ne, is correlated with a concentration of 6-thioguani-
ne in erythrocytes of approximately 175 pmol/8x10®
red blood cells and with a favourable clinical respon-
se to the therapy (7).

Efficacy of the 6-thioguanine therapy

Dubinsky et al. (8) first described the clinical expe-
rience with the administration of 6-thioguanine (Lan-
vis® tablets, GlaxoWellcome, UK) to patients with
inflammatory bowel disease. She published this
open-label pilot trial in 2001. It included 10 patients
with Crohn’s disease who had previously not respon-
ded to azathioprine or 6-mercaptopurine therapy. The
dosage of the drug differed widely, ranging from 20
mg to 100 mg daily. The treatment lasted 16 weeks.
The efficiency of the treatment was evaluated accor-
ding to clinical criteria, with favourable effects occur-
ring, on average, from week 4 of the treatment. Treat-
ment was effective in 7 of the 10 patients (8). In 2003,
a trial from German centres was presented at the Falk
Symposium (No. 134). This was an open label pro-
spective study in which a total of 37 patients with
chronic active Crohn’s disease were enrolled. The
dosage of the drug was 40 mg, exceptionally 80 mg
daily, and the overall duration of the treatment was 24
weeks. In a total of 21 patients, i.e. 57 %, the thera-
py was assessed as effective (11). The largest Euro-
pean population of patients treated with 6-thioguani-
ne was presented by Reinisch, who followed a total of
45 patients with chronic active Crohn’s disease. The
duration of the administration of 6-thioguanine was
26 weeks, with doses of 40 mg daily. Positive effects
were observed in 28 of them, i.e. 63 % of the pati-
ents. The mean Crohn’s disease activity index (CDAI)
decreased during the treatment from initial 211 to 141
points at week 14, and then to a final value of 114 at
the end of the study at week 26 (personal communi-
cation, 2003).

Our experience is similar. A total of 16 patients with
inflammatory bowel disease were treated in our cent-
re, among whom 12 underwent an earlier azathiopri-
ne or 6-mercaptopurine therapy without effect and
4 had symptoms of drug intolerance. The dose of
6-thioguanine varied from 40 mg to 60 mg daily, the
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a efektem nebo toxicitou této terapie. Uginna hladina
6-thioguaninu v krvi odpovida koncentraci 230 - 250
pmol/8x10® erytrocytd, hodnota nad 500 pmol/8x108
erytrocytu je spojena s vySSim rizikem myelotoxicity.
Tento poznatek vyplyva zejména ze studie (9), kde
u 65 % pacientd, u nichz dosahla koncentrace 6-thio-
guaninu vyssi hladiny nez 230 pmol/8x108 erytrocytd,
doslo k ustupu klinickych znamek aktivity choroby. Ve
srovnani s tim, jen u 28 % nemocnych se klinicky stav
a aktivita nemoci nezmeénila, prestoze v jejich krvi bylo
dosaZzeno stejné koncentrace 6-thioguianinu. Vyskyt
hepatotoxicity je spojovan s vy388i koncentraci 6-
metylmerkaptopurinu v erytrocytech. Pacienti, u nichz
byly patrné klinické nebo laboratorni znamky toxic-
ké jaterni leze, méli zjistény signifikantné vySsi hod-
noty 6-metylmerkaptopurinu v erytrocytech (>5.700
pmol/8x108 erytrocytl) nez ostatni nemocni (9). Cuffa-
ri se spol. zjistil, Ze pacienti, ktefi maji koncentraci
6-hioguaninu v erytrocytech vyssi nez 235 pmol/8x10¢,
maji také zfetelné niz8i produkci 7y interferonu v peri-
fernich lymfocytech (6). Je vSak nutno zminit, Zze kore-
lace mezi hladinou 6-thioguaninu v erytrocytech
a pfiznivou klinickou odpovédi nebyla potvrzena ve
v8ech provedenych studiich (1,12). V sou¢asné dobé
tedy neni vSeobecné pfijimano, ze hladina 6-thiogua-
ninu v erytrocytech slouzi jako vhodny prediktivni fak-
tor klinické odpovédi.

Thomas a spol. ukazali, Zze velikost erytrocytl
u pacientl lé€enych azathioprinem a 6-merkaptopu-
rinem je v tésné korelaci s hladinou 6-thioguaninu
a mUze tedy slouzit jako jednoduchy a uc¢inny labora-
torni indikator efektivity terapie (17). V dalsi studii bylo
zjisténo, ze vzrlst objemu Cervené krvinky o 6 fl ve
srovnani s vychozi hodnotou odpovida hladiné
6-thioguaninu zhruba na drovni 175 pmol/8x10° a kore-
luje s uspokojivou klinickou odpovédi na terapii (7).

Efektivita terapie 6-thioguaninem

Klinickou zkuSenost s podavanim 6-thioguaninu
(Lanvis® tbl, GlaxoWellcome, Velka Britanie) pacien-
tdm s idiopatickymi stfevnimi zanéty popsala jako
prvni Dubinsky se spol. v roce 2001 (8). Jeji pilotni
studie zahrnovala 10 pacientll bez predchozi odpo-
védi na terapii azathioprinem a 6-merkaptopurinem.
6-thioguanin podavala v rozdilnych davkach, od 20
mg do 100 mg denné. Lécba trvala 16 tydnd. Efekt
IéCby byl hodnocen pomoci klinickych kritérii po 4
tydnech a byl dosazen u 7 z 10 nemocnych (8). V roce
2003 byla na Falkové sympoziu (€. 134) prezentovana
studie némeckych center. Tato oteviena prospektivni



period of the treatment was 26 weeks. For a total of
10 patients (63 %), treatment was efficient and resul-
ted in a decrease of the disease activity and/or to
a withdrawal of corticosteroids (3).

Only one presented trial dealt with the efficiency of
a long-term maintenance therapy. Herrlinger et al.
confirmed that maintenance treatment with 6-thiogu-
anine in doses of 20 - 40 mg daily over a period of 26
weeks was effective for 88 % of the patients and
maintained the remission (11).

Safety of the 6-thioguanine therapy

A shift to 6-thioguanine therapy can be effective.
However, the data on the safety of 6-thioguanine in
patients with inflammatory bowel disease are still pre-
liminary. Opinion on long-term 6-thioguanine therapy
was significantly influenced by the work of Poordad in
2002 (13). The author followed a population of 125
patients treated with 6-thioguanine, a total of 30 % of
the patients showed an elevation of liver enzymes,
and a significant decrease of leucocytes or thrombo-
cytes. A total of 20 patients underwent a liver biopsy.
In 14 cases, a nodular regenerative hyperplasia was
histologically confirmed. Another three cases of peri-
portal or perivenular fibrosis and six cases of liver ste-
atosis were observed. Dubinsky et al. (10) analyzed
the same revised population of patients and found
that 29 patients (26 %) showed laboratory deviations
(elevation of liver enzymes). A liver biopsy was carri-
ed out in 17 patients. Nodular regenerative hyperpla-
sia was observed in 13 cases. No correlation was
found between the occurrence of a nodular regenera-
tive hyperplasia and the length of the 6-thioguanine
therapy, the overall cumulative dose of the drug or the
concentration of 6-thioguanine in the erythrocytes. As
independent risk factors for the occurrence of liver
damage during a treatment with 6-thioguanine, the
author identified male sex, as well as a higher pro-
duction of 6-methylmercaptopurine in the previous 6-
mercaptopurine therapy (10).

The results of the European researchers were obta-
ined on smaller patient populations, the occurrence
of hepatotoxicity and myelotoxicity was significantly
lower than overseas. In the Czech population of 16
patients, there was an elevation of liver enzyme valu-
es in three cases. These patients agreed to undergo
liver biopsy. Abnormal results of liver histology occur-
red in all cases. All were assessed as liver fibrosis of
different degree (Figures 2 and 3). All patients had
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studie zahrnovala celkem 37 pacientd s chronickou
aktivni Crohnovou chorobou. Byla podavana davka
40 mg (vyjime¢né 80 mg) denné a lécba trvala 24
tydnd. U celkem 21 pacientd, tj. 57 %, byla lé¢ba
hodnocena jako Uspésna (11). Nejvétsi skupinu paci-
entd v Evropé, celkem 45 nemocnych s chronickou
aktivni Crohnovou chorobou, prezentoval Reinisch.
Témto pacientim podaval po 26 tydnt davku 40 mg
denné. Pozitivni efekt 1éCby byl zaznamenan u 28
Z nich, tj. u 63 %. Hodnota indexu aktivity (CDAI) se
u nich snizila z 211 na poc¢atku Ié¢by na 141 bodu ve
14. tydnu, resp. na 114 na konci IéCby ve 26. tydnu
(osobni sdéleni, 2003).

NaSe zkuSenosti s podavani 6-thioguaninu pacien-
tdm s idiopatickymi stfevnimi zanéty jsou obdobné.
Lécili jsme celkem 16 pacientU, z nich 12 v minulosti
neodpovidalo adekvatné na terapii azathioprinem (6-
merkaptopurinem) a u 4 se projevovala nesnasenli-
vost této 1é¢by. 6-thioguanin jsme podavali v davce
od 40 do 60 mg denné a lé€ba trvala 26 tydnu. Deset
pacientl (tj. 63 %) z IéCby profitovalo a mohly jim byt
shizeny nebo vysazeny kortikosteroidy (3).

Pouze jedna studie se zabyvala 6-thioguaninem
jako udrzovaci dlouhodobou Ié€bou. Herrlinger et al.
podavali davku 20-40 mg déle nez 26 tydnu jako udr-
Zovaci lé¢bu a tato méla efekt na udrZzeni remise
u 88 % pacientu (11).

Bezpecnost terapie 6-thioguaninem

Terapie 6-thioguaninem se zda byt efektivni, ale
udaje o jeji bezpec€nosti jsou stéle nejasné. Nebezpe-
¢i dlouhodobé terapie idiopatickych stfevnich zanétu
pomoci 6-thioguaninu se jevi velmi zfetelné v praci
Poordada a spol. z roku 2002 (13). Autor sledoval 125
pacientd Ié¢enych 6-thioguaninem, z nichz u 30 % se
projevilo zvySeni jaternich enzymd a signifikantni
pokles poctu leukocytd a trombocytu. Celkem 20
téchto pacientd podstoupilo jaterni biopsii a u 14 pfi-
padu byla popsana regenerativni nodularni hyperpla-
zie. Tri pacienti méli periportalni fibrézu a 6 nemoc-
nych steatézu jater. Dubinsky et al. na stejném, ale
revidovaném souboru pacientll popisuje zvySeni
jaternich testu u 29 pacientt (10). Sedmnact jich mélo
provedenu jaterni biopsii a nodularni regenerativni
hyperplazie byla zjisténa u 13 z nich. Korelace mezi
vyskytem nodularni regenerativni hyperplazie a dél-
kou terapie 6-thioguaninem a celkovou koncentraci
6-thioguaninu v erytrocytech nebyla zjisténa. Za
nezavisly rizikovy faktor vyskytu jaterni Iéze povazuje
autorka muzské pohlavi a zvySenou hladinu 6-metyl-
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Figure 2 / Obr. 2

Liver histology of patients treated by 6-thioguanine in our centre.
Histology of liver biopsy specimen described periportal fibrosis
without any signs of nodular regenerative hyperplasia. Biopsy is
from 36-year-old man taking 6-thioguanine for eight months.
Trichrome staining. Magnification 120x.

Jaterni histologie nemocnych Iééenych 6-thioguaninem

v naSem centru.

Histologie vzorku jaterni biopsie popisuje periportalni fibrézu
bez znamek nodularni regenerativni hyperplazie. Biopsie 36-
letého muze Iééeného 6-thioguaninem osm mésicu. Barveni
trichromem. ZvétsSeni 120-krat.

signs of perivenular fibrosis, two subjects had peri-
portal fibrosis. In addition all patients had liver stea-
tosis. However no case of nodular regenerative
hyperplasia was found.

Current position and future perspectives

Over the last 10 years, some progress has been
made in understanding the metabolism of thioguani-
ne derivatives and its implications for clinical practi-
ce. New strategies are proposed to improve the effi-
cacy of treatment of inflammatory bowel disease. In
some cases of patients who previously did not res-
pond favourably or were intolerant to the treatment
with azathioprine and 6-mercaptopurine, 6-thioguani-
ne therapy may be helpful. However, the relatively
limited experience with 6-thioguanine in patients with
Crohn’s disease or ulcerative colitis still makes this
approach controversial. From the standpoint of effi-
cacy, 6-thioguanine therapy may be promising drugs
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Figure 3 / Obr. 3

Liver histology of patients treated by 6-thioguanin in our centre.
Perivenular and centroacinar fibrosis was described in this
case of 43-year-old woman taking 6-thioguanine for twelve
months. Haematoxylin-eosin. Magnification 200x.

Jaterni histologie nemocnych Iééenych 6-thioguaninem

v naSem centru.

Perivenularni a centroacinarni fibr6za byla popsana v pripadé
43-leté zeny lécené 6-thioguaninem dvanact mésiciu.
Hematoxilin-eozin. ZvétSeni 200-krat.

merkaptopurinu b&hem predchozi terapie 6-merkap-
topurinem (10).

Vysledky z evropskych center jsou ziskany na men-
§im poctu pacientl, ale vyskyt hepatotoxicity i mye-
lotoxicity je mensi nez v zamofi. Z nasi skupiny 16
pacientl se objevilo zvySeni jaternich testl ve tfech
pfipadech a vSichni tito tfi pacienti podstoupili jaterni
biopsii. Patologicky histologicky nélez byl prokazan
u v8ech tfi nemocnych a odpovidal riznému stupni
jaterni fibrézy. U vSech pacientt byly zjistény znamky
perivenularni fibrézy, ve dvou pfipadech znamky peri-
portalni fibrézy (obrazek 2,3). VS8ichni pacienti méli
navic steatézu jater. Ani v jednom pfipadé jsme vSak
nezjistili regenerativni nodularni hyperplazii.

Soucasny stav a perspektivy

V poslednich 10 letech doS$lo k velkému pokroku
v poznani metabolismu thioguaninovych derivatd
a jejich pouziti v klinické praxi. Nova strategie predpo-
klada zdokonaleni efektu lécby idiopatickych stfev-
nich zanétl. U pacientd, ktefi uspokojivé neodpovida-



with good efficiency in 60 - 70 % of the patients for
whom a previous therapy was unsuccessful. The
second possible advantage of 6-thioguanine is the
significantly shorter period of time needed for the
positive clinical effects to begin, which was around 4
weeks in the majority of the trials carried out. Until
now, there has been no randomized, double-blind,
placebo-controlled trial performed with 6-thioguani-
ne. However, all studies published so far were pro-
spective and some of them were multicentre. From
that point of view, it will be necessary to conduct
blind controlled clinical trials where the efficiency of
the treatment of chronically active Crohn’s disease
will be verified on a large patient population. It is not
currently possible to express an opinion on the evalu-
ation of the efficiency of 6-thioguanine in maintenan-
ce therapy of inflammatory bowel disease. From the
pharmacoeconomic point of view, the efficiency of 6-
thioguanine is comparable to that of infliximab, yet its
price is significantly lower.

The question of the safety of the treatment is cur-
rently the subject of intense trials and discussions. In
view of the uncertain and still not fully understood
hepatotoxicity of 6-thioguanine, the use of the drug
should only be limited to controlled clinical studies.
A multicentre international Austrian-Czech-German
trial is underway. It should assess the toxicity of
6-thioguanine in long-term administration and evaluate
histological findings in the liver.
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