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Abstract: Azathioprine is an immunosuppressive and steroid-sparing purine analogue, used in the treatment of several 

autoimmune diseases. In multiple sclerosis, available evidence suggests that oral azathioprine reduces relapse rates, pro-

vides a slight benefit on disability, and reduces new inflammatory lesions. Here, we focus on molecular mechanisms of 

Azathioprine and on its usefulness in multiple sclerosis.  
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INTRODUCTION  

 Multiple sclerosis (MS) is an acquired chronic, relapsing 
and remitting autoimmune disorder of the central nervous 
system (CNS) [1]. The pathological hallmark of MS is the 
plaque, a focal inflammatory lesion of the white matter pro-
duced by a number of sequential events, including homing of 
activated T cells, matrix metalloproteinase-induced damage 
to endothelial basal lamina, loss of the blood-brain-barrier 
(BBB) integrity, perivascular cellular infiltration, demyelina-
tion, edema, and axonal degeneration [2]. Depending on their 
location, white matter plaques may cause focal sensory, py-
ramidal, visual, cerebellar or brainstem signs. Occasionally, 
lesions occur in the cortical gray matter, in which case they 
are pathologically characterized by myelin/axonal injury and 
microglial activation, in the absence of cellular infiltration 
and BBB breakdown [3]. Patients with cortical lesions may 
present with neuropsychiatric and focal cortical symptoms 
encompassing aphasia, alexia, alien hand, tremor and sei-
zures [4].  

 In terms of genetics, epidemiology, and clinical course, 
MS is a heterogeneous disorder, since B and T cell responses 
are likely triggered in a different number of ways [5]. There-
fore, treatment strategies need to broadly target common 
pathogenic pathways, in addition to selecting optimized drug 
regimens for given subgroups of MS patients. Effective 
therapies in MS should prevent disease relapses and progres-
sion by balancing the immune network, rather than inducing 
immune suppression, as most of current treatments do. While 
a large number of therapeutic strategies are currently avail-
able in MS, it remains unknown whether some of the drugs 
effectively used in earlier treatment regimens have fallen 
short of clinical efficacy because of intrinsic inadequacy or 
due to inadequate assessment in appropriate trials. Here we 
review old and recent literature on azathioprine efficacy in 
MS.  
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AZATHIOPRINE: PHARMACOKINETICS, PHAR-

MACOGENETICS AND SIDE EFFECTS  

 Azathioprine (Aza), the 1-methyl-4-nitro-5-imidazolyl 
derivative of 6-mercaptopurine (Fig. 1), is a prodrug which 
acts as an antimetabolite, due to its structural analogy with 
purines. 

Fig. (1). Structure of azathioprine.

 After administration, Aza is well absorbed through the 
gastrointestinal tract, and is converted into 6-mercaptopurine 
(6-MP) in the liver; 6-MP is converted in the liver and gut by 
phase I (oxidation) and phase II (conjugation) reactions: (i) 
hypoxanthine guanine phosphoribosyltransferase (HGPRT), 
generating 6-thioguanine –nucleotides (6-TGN), which are 
responsible for the immunosuppressive and toxic activity of 
Aza; (ii) thiopurine methyltransferase (TPMT) leading to 
methylation of 6-MP and formation of 6-methylmercapto-
purine (6-MMP); (iii) xanthine oxidase, which leads to the 
formation of 6-thiouric acid (Fig. 2). Since the latter two 
pathways lead to the production of largely inactive com-
pounds, a reduced TPMT or xanthine oxidase activity (i. e., 
via inherited deficiency or allopurinol administration, respec-
tively) induces an increased production of 6-TGN and the 
potential development of myelotoxicity. The half-life of Aza 
and its metabolic analogs 6-MP is about 2 hours, although a 
significant inter- and intra-patient variation can be observed. 

 In humans, TPMT activity is widely expressed in many 
tissues and red cells and is inherited as an autosomal 
codominant trait. In Caucasians, a trimodal distribution is 
seen, with 0.3-0.6% individuals having low (L) or undetect-
able activity, 10% having intermediate activity, and the re-
maining 90% having high (H) activity [6]. The molecular 
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combination of the H-activity wild-type TPMT*1 with L-
activity polymorphic variants TPMT*2, *3A (the most com-
mon in Caucasians), *3B and *3C. [7, 8]. Therefore, homo-
zygosity for a variant allele (e.g. TPMT *3A/*3A ) results in 
low TPMT activity, as opposed to the intermediate activity 
seen in heterozygosity (e.g. TPMT*1/*3A), and high activity 
in subjects homozygous for wild-type alleles (TPMT *1/*1). 

 Although genotyping is reasonably accurate in predicting 
TPMT phenotype, most clinicians prefer to dose TPMT ac-
tivity [9], as ample variations in its activity are seen in TPMT 
*1/*1 subjects. Assessment of TPMT activity, which in-
versely relates to erythrocyte 6-TGN concentration [10], 
provides the best indication of the patient’s ability to me-
tabolize thiopurines. Subjects with TPMT deficiency have 
very high concentration of 6-TGNs, thus being at risk of 
myelotoxicity, although approximately three-quarters of 
cases of bone marrow suppression occur in subjects without 
TPMT deficiency [11]. Therefore, testing for TPMT status 
should be implemented with blood count monitoring. Con-
versely, high TPMT activity and elevated 6-MMP levels 
have been shown to predispose to hepatotoxicity in selected 
conditions [12]. For individuals with very low TPMT activ-
ity, an alternative immunosuppressant should be considered, 
although frequent measurement of erythrocyte 6-TGNs con-
centrations and full blood counts can facilitate a safer use of 
Aza. 

 Additional side effects of Aza include occasional liver 
dysfunction, cholestatic jaundice, hepatic venoocclusive dis-
ease, and skin rash. 

MECHANISMS OF ACTION  

 The thiopurine drugs 6-MP and Aza are purine antime-
tabolites with antileukemic and immunosuppressants proper-
ties. In earlier experimental and clinical studies, Aza proved 
to be much less toxic than 6-MP and produced a better pro-
longation of allograft survival. For this reason, Aza was in-
troduced in clinical practice and remained the mainstay of 
immunosuppression for almost three decades. The immuno-
suppressive activity of Aza and 6-MP is due to their interfer-
ence with nucleic acid synthesis during the cellular multipli-
cation that follows B and T cell activation. Aza and its meta-
bolic products act as purine antagonists and inhibit the syn-
thesis of RNA and DNA when incorporated into replicating 
nucleic acid, therefore stopping nucleic acid assembly [13]. 
In addition, they also block the de novo pathway of purine 
synthesis by formation of thio-inosinic acid. The latter effect 
is readily evident on lymphocytes, which lack a salvage 
pathway for purine synthesis. In addition to their lymphotox-
icity, these purine analogs inhibit the T-cell-dependent anti-
body-mediated response, by interfering with CD28 co-
stimulation of alloreactive T lymphocytes, a process medi-
ated by GTPase Rac1 [14]. The latter effect is due to conver-
sion of 6-thioguanine, a metabolic product of Aza, into 6-
thioguanine triphosphate (6-thioGTP), a compound which 
competes with GTP and binds to the GTPase Rac1. The in-
teraction between 6-thioGTP and GTPase Rac1 ultimately 
leads to blockade of Rac1 and conversion of the normal co-
stimulatory CD28 signal into an apoptotic signal, with ensu-

ing death of activated lymphocytes. In resting B cells, purine 
analogs do not greatly interfere with plasma cell mRNA syn-
thesis and antibody production.  

 Aza has still many clinical uses in internal medicine, 
rheumatology and neurology [15], since, in addition to its 
immunosuppressant activity, it helps in reducing the dose of 
other drugs, such as steroids. In particular, adding steroids to 
Aza is beneficial in reducing the progression of myasthenia 
gravis and in achieving long-term control of other neurologic 
conditions, such as multiple sclerosis, Lambert-Eaton myas-
thenic syndrome and chronic inflammatory demyelinating 
polyradiculoneuropathy [16]. It should, however, be noted 
that several lines of evidence suggest that to be effective Aza 
requires at least six months of treatment, or longer.  

 An increasing number of immunosuppressive agents are 
now available, each acting at different steps of the immu-
nological response (Fig. 2). These agents include (i) gluco-
corticoids, which regulate gene expression; (ii) cyclophos-
phamide, an alkylating agent that is useful in diseases with 
pathogenic autoantibodies; (iii) kinase and phosphatase in-
hibitors (cyclosporin A, tacrolimus, rapamycin, type IV PDE 
inhibitors, p38 kinase inhibitors), which regulate signalling 
decoding [17].  

 In addition to inhibitors of de novo purine synthesis 
(azathioprine, mycophenolate, mofetil, and mizoribine), an-
timetabolites include inhibitors of de novo pyrimidine syn-
thesis (leflunomide and brequinar). Methotrexate, due to its 
action on dihydrofolate reductase (antifolate), inhibits de 
novo pyrimidine and purine synthesis.  

EFFICACY OF AZA IN MULTIPLE SCLEROSIS 

 Although the aetiology of MS is still largely unknown, a 
widely accepted conceptual framework postulates that auto-
immune mechanisms, in conjunction with a genetic predis-
posing background, play a central role in its pathogenesis 
[18]. While considerable therapeutic challenges remain for 
the treatment of MS, the major goal of management is to 
avoid relapses and to stop disease progression. Among dis-
ease-modifying treatments for MS, Aza represents one of the 
oldest drugs that is still in use today.  

 Published data about the efficacy of Aza derive from a 
number of randomized clinical trials (RCTs), most of which 
involving small numbers of patients. These trials had been 
conducted in the “pre-interferon era”, i.e. before 1993, when 
the first large RCT on interferon beta (INFB) in relapsing-
remitting (RR) MS was published [19]. Moreover, a stan-
dardized classification of the different clinical forms of MS 
was obtained by consensus only in 1996 [20], and, therefore, 
inclusion criteria previously used were not uniform among 
studies. Finally, most RCTs on Aza were conducted before 
magnetic resonance imaging (MRI) was available in many 
MS centres.  

 In 1991, Yudkin et al. [21] published a meta-analysis of 
the seven existing Aza RCTs [22-28]. Most of these studies 
included less than one hundred patients per group, except for 
the British and Dutch MS Aza Trial Group study [24], in-
volving 174 patients in the Aza group and 180 patients in the 
placebo group. The total number of patients included in 
Yudkin’s meta-analysis was 392 for Aza and 401 for pla-
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cebo. However, follow-up data were available only for 253 
Aza and 277 placebo at 2 years, and for 200 Aza and 215 
placebo at 3 years. In three RCTs only patients with RR 
course were enrolled [22,23,28], but in the remaining ones 
progressive forms were also included [24-27]. Trials in 
which Aza was given in association with other drugs (e.g., 
prednisone) were excluded from meta-analysis. The daily 
Aza dose ranged from 2.2 to 3.0 mg/kg, and in some studies 
[27,28], the dose was adjusted to maintain leukocyte count 
between 3,000-4,000/ l. Two end-points were identified: (i) 
the effect on disability, measured as the mean change in 
Kurtzke Expanded Disability Status Score (EDSS) [29], as 
compared to baseline, and (ii) the probability to be free from 
relapse after 1, 2 and 3 years of treatment. In all RCTs, mean 
EDSS increased both in treated and untreated groups. How-
ever, after 1 year of treatment, a small, even if not statisti-
cally significant, benefit in Aza group was observed, and this 
trend was confirmed at 2 years (-0.22), and at 3 years (-0.24). 
Moreover, the efficacy of Aza in reducing relapse risk was 
evident in this meta-analysis. Accordingly, the odds ratio to 
be free from relapse for treated cases vs. controls was 1.51 at 
1 year, 2.04 at 2 years, and 1.97 at 3 years (p< 0.01). Intrigu-
ingly, the effect of Aza either on disability and relapse risk 
seems to increase in time. 

 With the approval of IFNB and glatiramer acetate (GA) 
for the treatment of RR MS, RCTs involving Aza were inter-
rupted and, as a result, no RCTs analysed its effect on MRI 
parameters. Only one retrospective study examined Aza im-
pact on MRI in MS, showing that after a mean time of 2.5 
years patients treated with Aza presented a mean reduction 
of 28.4% of T2 lesion load compared to controls, in whom, 
conversely, a mean increase of 19.3% was observed [30]. A 
prospective study of Aza effect in reducing new MRI brain 
lesions was recently published by Massacesi et al. (2005) 
[31]. In 14 MS patients with RR course and MRI signs of 

inflammatory activity, the number of gadolinium-enhancing 
lesions and new T2-weighted hyperintense lesions was com-
pared before and after the onset of Aza therapy in 6 monthly 
brain MRI scans. The median gadolinium-enhancing lesion 
number per MRI was 2 during the baseline period and 0 dur-
ing treatment, with a mean reduction of 64% (p < 0.001). 
Also gadolinium-enhancing lesion volume showed a similar 
reduction (66%, p < 0.001), and the cumulative new T2 le-
sion number and volume per patient decreased consistently 
(p < 0.02 and p < 0.05 respectively). An ongoing Italian mul-
ticenter RCT will compare Aza and interferon-beta (IFNB) 
effects on clinical and neuroradiological outcomes in a large 
sample of RR MS patients.  

COMPARISON OF IFNB, GA, AND AZA EFFICACY 

IN MS 

 IFNB is currently the most used and recognized treat-
ment in RRMS. It has been approved more than ten years 
ago, after the publication of the first RCT suggesting its effi-
cacy on disease activity. INFB can be administred at differ-
ent doses and by different routes (subcutaneously or intra-
muscularly). The biological mechanisms of IFNB in MS 
have not been completely understood, but they probably in-
volve activation and proliferation of suppressor T-cells, in 
addition to inhibition of T-cells ability to cross the blood-
brain barrier and enter the CNS. In RCTs, the most evident 
clinical effect was the reduction of clinical relapse frequency 
in RR patients (from 18 to 32% against placebo at 2 years 
[19,32,33]). MRI analysis showed an even stronger effect in 
reducing new lesions number, a pivotal finding in assessing 
its clinical efficacy [34]. Conversely, the results on disability 
have been scanty [19,35].  

 In 2001, a Cochrane meta-analysis of data from existing 
RCTs of IFNB efficacy in RR MS was published [35]. Seven 
different RCTs [19,32,36,37,39,40], from 1993 to 1999, con-

Fig. (2). Metabolism of azathioprine and 6-mercaptopurine. GMPS: guanosine monophosphate synthetase; HPRT: hypoxanthine phosphori-

bosyl-transferase; IMPD: inosine monophosphate dehydrogenase; TG: thioguanine; TGMP: thioguanine monophosphate; TGN: thioguanine

nucleotides; TIMP: thioinosine monophosphate; TXMP: thioxanthosine monophosphate. 
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tributed to this study, including 614 patients treated with 
INFB and 601 randomized to placebo. Although INFB stud-
ies included only RR patients, results of this meta-analysis 
are tentatively compared with those obtained in MS patients 
treated with Aza.  

 The most evident effect of the two therapies is that of 
reducing relapse rate. The relative risk vs. placebo of one or 
more exacerbation is as follows: (i) at 1 year follow-up, this 
risk is 0.73 for IFNB vs. 0.81 for Aza; (ii) at 2 year follow-
up the risk is 0.79 for IFNB vs. 0.77 for Aza. The data about 
3 year follow-up vs. placebo are lacking in IFNB RCTs, 
whereas in the Aza-treated group the relative risk is 0.83. 
Based on these data, it is safe to conclude that there is not 
evident difference between Aza and IFNB in preventing re-
lapses. Moreover, it can be observed that the IFNB efficacy 
decreases after the first year of treatment, and it is not con-
firmed after two years of follow-up. On the other hand, while 
Aza is apparently slightly less effective than IFNB at 1 year, 
it maintains its efficacy through following years.  

 Regarding the progression of disability, it must be said 
that both drugs have a weak power. The mean change of 
EDSS vs. placebo at 2 years follow-up is -0.25 for IFNB and 
-0.22 for Aza. Therefore, based on this parameter, no clear 
difference exists between the two drugs. The tendency in 
reducing EDSS in Aza-treated patients vs. placebo is also 
evident at the 3 year follow-up, with a mean change of -0.24, 
whereas, at 3 year, data are lacking for IFNB.  

 Analysis of MRI in Aza-treated subjects are far less nu-
merous than IFNB-treated ones, because studies involving 
Aza were mostly performed when MRI was not yet widely 
available.. The study published in 2005 by Massacesi et al.
[31] showed an effect of Aza in suppressing new brain le-
sions similar to that observed with IFNB using the same 
study design [41-43]. 

 Glatiramer acetate (GA) is a mixture of scrambled syn-
thetic polypeptides containing L-alanine, L-glutamic acid, 
and L-tyrosine, which was found to be effective in suppress-
ing experimental allergic encephalomyelitis [44]. Encourag-
ing results obtained in a small clinical trial led to regulatory 
authorization to administer GA subcutaneously at daily doses 
of 20 mg [45]. In 2003, a Cochrane review of RCTs about 
the efficacy of GA therapy in RR MS patients was published 
[46]. Three RCTs were enrolled in the meta-analysis [45,47, 
48], including 269 patients in the GA group, and 271 in the 
placebo group. The relative risk vs. placebo of one or more 
exacerbation reported by the meta-analysis was 0.77 at 1 
year of follow-up, 0.87 at 2 years and 0.89, at 35 months. 
The mean change in EDSS was -0.33 at 2 years and -0.45 at 
35 months. This data are not overtly different from those 
reported about IFNB or Aza.  

 A post-marketing review comparing the probability to be 
free from relapses at 2 years in MS patients treated with 
IFNB, GA, intravenous immunoglobulins, or Aza concluded 
for an equivalent efficacy of all these treatments[49]. How-
ever, the cost of therapy per year for IFNB and GA was 125 
times higher than that of Aza. A more recent analysis of MS 
treatments used in UK concluded that IFNB, GA and Aza 
produce a similar reduction in the risk of relapses at 2 years 

(15-30%), and that a head to head comparison between these 
medications is worth to be tried [50]. A simulated cost-utility 
analysis in RR MS patients, based on trial-assessed drug 
efficacy, showed a slight preference for Aza; in the worst 
hypothetical scenario for Aza, the cost of each additional 
quality-adjusted life years (QALY) with IFNB would range 
between 413,000 and 1,308,000 euros in 2005 [51]. 

 A pilot open study comparing Aza and IFNB efficacy 
and impact on quality of life was performed in a small sam-
ple of 32 RR MS patients [52]. They were allocated to one of 
three groups (11 IFNB, 10 Aza, 11 no treatment) according 
to the patient’s choice. IFNB and Aza confirmed their com-
parable efficacy in reducing relapse rate vs. no treatment. 
However, the impact on quality of life was better for Aza, as 
a likely effect of its higher tolerability, or due to a more pro-
nounced and persistent perception of the disease in patients 
treated with IFNB.  

AZA AND IMMUNOMODULATORS: SIDE EFFECTS 

AND TOXICITY  

 In a population of 213 patients treated for a mean time of 
4 years at the Lyon MS Hospital, no irreversible side effects 
of Aza were observed [53]. In 22 cases (10.3%) the treat-
ment was stopped due to intolerance. Thirty-six patients 
(16.9%) presented transient side effects. In 29 cases (13.6%) 
reversible bone marrow hypoplasia was observed, with clini-
cal expression only in 4 cases (1.9%). Gastrointestinal dis-
turbances, including anorexia, abdominal pain, diarrhoea and 
vomiting were seen in 26 cases (12.2%), mostly at the onset 
of treatment, and in half cases suspension was necessary. 
Two patients (0.9%) presented eczema and 3 (1.4%) had 
alopecia. The incidence of infections was not increased in 
the treated sample, nevertheless 5 cases (2.3%) of herpes 
zoster and one case of HBV hepatitis were observed. The 
experience reported from the Florence MS Center was simi-
lar [54]. In 219 patients treated for a mean time of 4.16 
years, Amato et al. observed 36 cases of leukopenia, 18 
cases of increased hepatic enzymes, 17 with gastrointestinal 
complaints, and in a lower number of patients anemia, 
thrombocytopenia, and herpes zoster. Therapy was discon-
tinued in 26 patients (11.9%), the most common cause of 
drop-out being gastroenteric disturbances. 

 Also IFNB is a generally well tolerated therapy, although 
patients often complain of disturbing side effects. In RCTs 
[35], 48% of IFNB-treated subjects presented flu-like symp-
toms, 28% fever, 26% myalgias or arthralgias, 17% fatigue, 
50% headache, 62% injection site reactions, 36% hair loss, 
16% depression, 3.5% lowered haemoglobin levels, 6% leu-
kopenia, 27% lymphopenia, 23% thrombocytopenia, and 9% 
increased hepatic enzymes.  

 On the other hand, GA do not induce important side ef-
fects. The most common one is the so-called patterned reac-
tion, a transient and self limiting combination of flushing, 
chest tightness, sweating, palpitation and anxiety, unpre-
dictably occurring within minutes after injection and sponta-
neously resolving in less than 30 minutes. In RCTs this reac-
tion occurred in 24% of patients [45]. Other side effects were 
dizziness in 66%, palpitations in 12%, dyspnoea in 12%, 
anxiety in 9%, faintness in 17%, cramps in 17%, nausea in 
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18%. Injection site reactions included itching in 47%, swel-
ling in 48%, redness in 66%, and pain in 73%. Side effects 
induced treatment withdrawal only in 4%. It is very difficult 
to state with certainty which drug is best tolerated, in the 
absence of studies devoted to this issue. 

 Whether Aza induces an increased risk of cancer, as an 
effect of reduced immunosurveillance, is still a debated mat-
ter. Amato et al. found no increased risk of malignancies in 
207 MS patients treated with Aza (mean time of 4.16 years 
and mean follow-up of 5.93 years) as compared to 247 un-
treated patients (mean follow-up of 6.73 years) [54]. Con-
favreaux et al. [55], using data from the Lyon Multiple Scle-
rosis Database (1,191 MS patients), analysed the relation 
between Aza treatment and cancer through a case-control 
study. The overall odds ratio was 1.7, not statistically sig-
nificant. Nevertheless, the risk increased with longer dura-
tion of treatment associated with higher cumulative dose; the 
odds ratio was 1.3 in subjects treated for less than 5 years 
(less than 300 grams of cumulative dose), 2.0 when treated 
for 5 to 10 years (300-600 grams cumulative dose), and 4.4 
when treated for more than 10 years (above 600 grams cu-
mulative dose); however, the trend did not reach statistical 
significance. The types of cancer observed matched those 
seen in the general population, and, in addition, cancers usu-
ally reported in immunosuppressed patients (non-Hodgkin’s 
lymphoma, squamous cell skin carcinoma, vulvar and perin-
eal carcinoma, Kaposi’s sarcoma and in situ cervical carci-
noma) were not significantly increased. The Authors infer 
that an increased risk is present only after 10 years of con-
tinuous treatment or above 600 grams of cumulative dose. 
The mortality data from the largest RCT of azathioprine in 
MS [56] (British and Dutch MS Aza Trial Group [24]) 
showed a small but not significant increase in cancer and 
death in subjects tacking Aza than in ones taking placebo 
(increase in risk from a 3-years course of Aza: 3.4%, 95% CI 
–2.1, 9.0). 

 Data about the risk of cancer following treatment with 
immunomodulatory drugs are lacking. In a cohort of 1,338 
MS patients in Israel [57], a reduced risk of malignancies 
was observed in MS female untreated patients, a finding ten- 

tatively explained by a better immunosurveillance due to 
MS-induced immune hyperactivity. After the beginning of 
immunomodulatory drugs, a non significant increased risk 
was observed, in particular for breast cancer in GA-treated 
patients, and other types of cancer in IFNB-treated female 
patients, thus questioning a role for immunomodulators in 
inducing cancer. 

METHOTREXATE, CYCLOPHOSPHAMIDE, AND 

MITOXANTRONE IN MS TREATMENT  

 Methotrexate (MTX) is a potent oral immunosuppressant, 
whose mode of action involves the inhibition of dihydrofo-
late reductase, in addition to unspecific anti-inflammatory 
effects. A Cochrane review analysed the possible role of this 
drug in MS therapy [58], although very few RCTs are avail-
able. In 1993, a trial involving 20 RR patients randomized to 
MTX (9) or placebo (11) showed a tendency towards a re-
duced relapse risk in treated patients, without statistical sig-
nificance [59]. The relative risk vs. placebo of one or more 
exacerbation was 0.35, but 95% CI was very large (0.10-
1.28). The study was excluded from the Cochrane review for 
doubts about blindness. In 1995, Goodkin et al. randomized 
to MTX (31 patients) or placebo (29 patients) patients with 
progressive forms of MS [60]. There were no differences in 
the proportions remaining relapse free (27/31 MTX versus 
24/29 placebo), although the population studied was at low 
risk of relapse from the outset. Eleven/31 methotrexate ver-
sus 15/29 placebo had sustained EDSS progression, without 
statistically significant differences.  

 Cyclophosphamide (CFX) is an alkylating agent with 
cytotoxic and immunosuppressive effects, used in the treat-
ment of different malignancies as well as autoimmune dis-
eases (Wegener’s granulomatosis, periarteritis nodosa, sys-
temic lupus erythematosus). CFX has also been reported to 
reduce the severity and prevent experimental allergic ence-
phalomyelitis. Different treatment schedules have been adop-
ted in MS, including varying dosages, route of administra-
tion (i.e. oral, intravenous), duration (ranging from a few 
days to months) and association with other drugs. The 2007 
Cochrane meta-analysis [61] of RCTs identified just 2 stud-
ies comparing efficacy of CFX with placebo [62,63]. Both  

Fig. (3). Sites of action of commonly used immunosuppressants. 
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trials involved only progressive forms, with or without su-
perimposed relapses. A total number of 77 patients were 
treated, vs. 74 who took placebo. The relative risk of worsen-
ing (  1.0 EDSS point if the basal point was  5.5,  0.5 if 
basal  6.0) for CFX vs. placebo was 0.92 at 1 year, 0.87 at 
18 months, 1.05 at 24 months. The mean EDSS change dif-
ference (CFX vs. placebo) was -0.21 at 12 months, -0.19 at 
18 months, 0.14 at 24 months. CFX treatment induced 
alopecia in 100% of patients, nausea and vomiting in 77%, 
amenorrhea in 42% (24% permanent), major infections in 
11%, and cystitis in 4%. Four deaths occurred in the treated 
group. To date, the low efficacy of CFX in preventing dis-
ability progression in addition to a significant toxicity ques-
tions the role of CFX in MS therapy. 

 Mitoxantrone (MX) is a cytotoxic agent of the anthra-
cenedione family, widely used for the treatment of breast 
cancer and leukaemias. MX acts by intercalating with DNA 
and inhibiting topoisomerase II. MX reduces the number of 
B cells, inhibits T helper cell function, and augments T cell 
suppressor activity. Its use in MS patients began after ex-
perimental findings in experimental allergic encephalomyeli-
tis [64]. Results of 4 RCTs, comparing the efficacy of MX 
with placebo in MS have been published [65-68], and re-
viewed in a Cochrane meta-analysis [69]. The total number 
of participants was 270, 139 assigned to MX, 131 to placebo. 
These studies included both RR MS and progressive MS 
patients, with an important disability progression over the 
last year. Different dosage and time schedules were used, 
with MX being administered intravenously at cycles with 
intervals varying from one to three months. The relative risk 
of worsening (  1.0 EDSS point if the basal point was  5.5, 

 0.5 if basal  6.0) for MX vs. placebo was 0.25 at 1 year, 
and 0.34 at 2 years. The mean EDSS change difference of 
MX vs. placebo was –0.35 at 1 year and –0.36 at 2 years. 
The relative risk vs. placebo of one or more exacerbations 
was 0.44 at 1 year, and 0.63 at 2 years. This efficacy in re-
ducing disease progression and relapse risk must be evalu-
ated, also in consideration of relevant side effects, including 
cardiotoxicity and leukaemia. Cardiotoxicity is secondary to 
hearth drug storage that causes a reduction of left ventricular 
ejection fraction in 3.6% of treated subjects. The cardiotoxic-
ity represents the major limitation for long-term administra-
tion at a maximum cumulative dose of 140 mg/m

2
, roughly 

corresponding to about two years of treatment. On the con-
trary, MX-related acute leukaemia is characterized by short 
latency, acute onset and a good response to therapy. A meta-
analysis investigation on the incidence of leukaemia in a 
cohort of 1,378 MX-treated MS patients revealed an inci-
dence of 0.25%, higher than the proportion of de novo leu-
kaemia occurring in healthy patients (ranging from 0.001% 
at 20 years of age to 0.03 at 70 years) [70]. Other side effects 
of MX include amenorrhea in 26% of treated female (7.8% 
persisting after the end of therapy), nausea and vomiting in 
62%, alopecia in 47%, urinary tract infections in 25%, respi-
ratory tract infections in 35%, phlebitis in 14%, leukopenia 
in 13%, anemia in 7% and increased liver enzymes in 17%. 
Although MX represents one of the most effective therapy 
available at the present time, the important side effects, the 
risk of leukaemia and the cardiotoxicity make MX a drug 
with a restricted indication in patients with rapid disability 
progression. 

NEW DRUGS: NATALIZUMAB AND FINGOLIMOD 

 Natalizumab is a selective adhesion-molecule inhibitor, 
that binds to the 4 subunit of 4 1 integrin on the surface of 
lymphocytes and blocks their binding to endothelial recep-
tors, thereby impairing cell locomotion through the blood-
brain barrier. Two RCTs on natalizumab in RR MS were 
published in 2006. The first compared natalizumab to pla-
cebo [71], the other assessed the efficacy of natalizumab plus 
IFNB in comparison to IFNB alone [72]. The placebo con-
trolled trial involved 627 subjects in the natalizumab group 
and 315 in the placebo group. The relative risk in treated 
patients vs. placebo of one or more exacerbation was 0.50 
(95% CI 0.41-0.62) at 1 year, and 0.51 (95% CI 0.44-0.61) at 
2 years. The mean change vs. placebo of EDSS was not re-
ported by the study (probably not statistically significant). 
The relative risk of worsening (  1.0 EDSS point if the basal 
EDSS was  5.5,  0.5 if basal  6.0) in natalizumab-treated 
group was 0.29 (95% CI 0.16, 0.53), although it must be 
observed that also in the placebo group the risk of worsening 
was very low, about 10%. Side effects in these MS patients 
were headache, fatigue, arthralgia, urinary infections and 
respiratory infections, depression, rush and menstrual altera-
tions. This new drug shows, therefore, a greater effect than 
older ones in reducing relapse rates. However, three cases of 
progressive multifocal leukoencephalopathy (PML) have 
been reported in natalizumab plus INFB-treated patients with 
MS or Chron’s disease. For this reason, unless reassuring 
data will come from the post-marketing studies, the worry 
about the risk of PML remains and natalizumab is currently 
indicated only for MS patients with frequent relapses, in 
whom other treatments are believed to be uneffective. 

 Fingolimod is an oral sphingosine-1-phosphate receptor 
modulator. Its mechanism of action consists in depriving 
lymphocytes of a signal necessary to egress from secondary 
lymphoid tissues, therefore, sequestering them in the lymph 
nodes. In this way, the recirculation of lymphocytes in the 
central nervous system is reduced. The RCT on fingolimod 
involved 227 RR patients (92 assuming placebo, 93 assum-
ing fingolimod at the dose of 1.25 mg once daily, 92 fingo-
limod 5.0 mg daily) with a follow-up of 6 months [73]. At 
the end of follow-up, the relative risk of having one or more 
relapses was 0.27 in the group treated with 1.25 mg vs. pla-
cebo, and 0.23 in the group treated with 5.0 mg vs. placebo. 
The relative risk for worsening was 0.48 in the 1.25 mg 
group vs. placebo, and 0.73 in the 5.0 group vs. placebo. No 
major effects on disability were observed. Even though 
promising, these results need to be confirmed in larger stud-
ies with a longer follow-up period.  

AZA IN ANNO DOMINI 2008: CONCLUDING RE-

MARKS 

 Although the usefulness of new therapies has been con-
firmed, the ideal drug for MS is still lacking. The largely 
used IFNB and GA are safe and well tolerated, but their ef-
fectiveness is limited to reducing the relapse risk in RR MS 
only during the first two years of treatment, while these 
drugs show little advantage on disability progression. On the 
other hand, MX benefit on disability is more evident, but 
toxicity limits its use in severe cases. Data on other immuno-
suppressive drugs, such as MTX and CFX, are disappoint-
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ing, and, in addition, doubts exist on their effectiveness. Fi-
nally, the new drugs natalizumab and fingolimod need to be 
further evaluated, especially in regard to their efficacy and 
safety.  

 For all these reasons, we believe that an old drug such as 
Aza, maintains its importance in the “2008 therapy of MS”. 
We must here recall that MS is a generally progressive, 
chronic disease of young people, and that, therefore, thera-
pies must be tailored for long periods. Based on studies in 
the pre- and post-interferon era, Aza seems a valid alterna-
tive to IFNB or GA. In addition, Aza can be used also in 
patients (i) who do not tolerate IFNB side effects, (ii) who 
reject frequent subcoutaneous injections, or (iii) who develop 
non-response to these drugs. Notably, a better impact on the 
quality of life was observed for Aza-treated patients in a 
small trial [52], and it would be important to confirm this 
result in a larger RCT. A major pitfall in the treatment of MS 
is the low efficacy of all available therapies in preventing 
disability progression. Only MX showed a significant benefit 
in reducing EDSS worsening vs. placebo, although this gain 
is counterbalanced by an increased risk of heart dysfunction 
of leukaemia. MX is currently indicated for subjects with a 
high risk of disability, for a limited two-year period. How-
ever, the question remains how to treat subjects who have 
reached the maximum MX cumulative dose. We here sug-
gest that in such cases Aza remains a valid alternative for 
continuing therapy. For all the aforementioned reasons, we 
think that Aza is still, in 2008, an useful therapeutic option in 
the management of MS. 

ABBREVIATIONS  

6-MMP =  6-methylmercaptopurine 

6-MP =  6-mercaptopurine 

6-TGN =  6-thioguanine –nucleotides 

6-thioGTP =  6-thioguanine triphosphate 

Aza =  azathioprine 

BBB =  Blood-brain-barrier 

CFX =  Cyclophosphamide 

CNS =  Central nervous system 

EDSS =  Expanded disability status score 

GA =  Glatiramer acetate 

HGPRT =  hypoxanthine guanine phosphoribolsyl-
transferase 

INFB =  Interferon beta 

MRI =  Magnetic resonance imaging 

MS =  Multiple sclerosis 

MTX =  Methotrexate 

MX =  Mitoxantrone 

PML =  Progressive multifocal leukoencephalopa-
thy 

QALY =  Quality-adjusted life years 

RCT =  Randomized clinical trial 

RR =  Relapsing-remitting 

TPMT =  thiopurine methyltransferase 
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