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Abstract This report documents the results of a study per-
formed to examine clinical use of mizoribine (MZR), using
data from a large-scale prospective cohort study, IORRA
(Institute of Rheumatology Rheumatoid Arthritis). The
number of patients with RA entered in this study from
October 2000 through October 2003 was 6238. Three hun-
dred and six patients (4.9%) received MZR therapy.
Mizoribine users who were taking methotrexate (MTX)
(MTX-MZR group, n = 94) and over 70 years of age (eld-
erly group, n = 45) were collected. Cumulative retention
rates of MZR were calculated by Kaplan—-Meier analysis.
Median drug survival of MZR was 28 months for the poor
responders to MTX and 43 months for the poor responders
to MZR, with no significant difference between these
groups. Cumulative retention rate of MZR in the elderly
group did not show a significant difference compared to that
in patients aged under 70 years. Ten patients (10.6%) in the
MTX-MZR group and 10 patients (22.2%) in the elderly
group experienced adverse effects of MZR. None of these
adverse effects was serious. This study indicated that, al-
though MZR has not been frequently prescribed for RA
patients, it may be useful and relatively safe for patients
who are poor responders to MTX as an additional regimen
to MTX therapy as well as for elderly patients.
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Introduction

Recent strategies in the treatment of rheumatoid arthritis
(RA) have recommended that treatment with disease-
modifying antirheumatic drugs (DMARDs) should be ag-
gressively initiated at an early stage of disease to improve
prognosis."”> Approximately ten types of oral DMARDSs are
currently available in Japan, and of these, methotrexate
(MTX) is commonly used for patients with RA.** Methotr-
exate, an inhibitor of folic acid metabolism with potent
immunosuppressive activity, is currently approved in Japan
only for “use in patients who have failed to respond to at
least one DMARD.” Nevertheless, dozens of years of usage
and experience have proven the safety and efficacy of MTX.
Among DMARDs approved in Japan, MTX is now being
prescribed as first-line therapy in many cases of RA.*> The
rate of treatment continuation for patients taking MTX has
been higher than for those taking other DMARDs. How-
ever, poor responders to MTX are often encountered,* and
many physicians are unsure how to treat such patients.

Mizoribine (MZR) is an immunosuppressant that inhib-
its nucleic acid metabolism and is a relatively safe
DMARD.*” Mizoribine was discovered in the culture broth
of Eupenicillium brefeldianum isolated from soil from the
island of Hachijo, Japan. This agent inhibits inosine mono-
phosphate dehydrogenase, a rate-limiting enzyme in the de
novo pathway of nucleic acid synthesis,*’ thereby inhibiting
lymphocyte proliferation. In 1984, MZR was first approved
for the treatment of graft rejection after kidney transplanta-
tion. Subsequently, it was also approved for the treatment
of other diseases including lupus nephritis, RA, and pri-
mary nephrotic syndrome. It is currently marketed in China
and Korea as well as in Japan. Two double-blind controlled
clinical trials”"” have demonstrated the efficacy of MZR in
the treatment of rheumatoid arthritis. Mizoribine is gener-
ally considered as a drug of second choice among
DMARD:s, but based on its mechanism of action and safety,
it is often used in combination with other DMARDs.

This report documents the results of a study performed
to analyze clinical use of MZR, including use in combina-


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


tion with MTX, using data from a prospective observational
cohort study, IORRA (Institute of Rheumatology Rheu-
matoid Arthritis), that began in October 2000 at the Insti-
tute of Rheumatology, Tokyo Women’s Medical
University.""'"” For this cohort, not only physician’s assess-
ments, patient’s assessments, and laboratory data but also
various types of patient information including disability in-
dex, disease activity, comorbidity, and medications used are
collected from patient questionnaire sheets from approxi-
mately 5000 RA patients every 6 months.

Subjects and methods

Patients in the analysis were selected from among 6238 RA
patients who had participated at least once during a three-
year period from October 2000 to October 2003 in the
prospective observational cohort study, IORRA, con-
ducted in our institution. Three hundred and six patients
(4.9%) received MZR therapy on the basis of IORRA. All
patients were of Japanese origin and all had been diagnosed
with RA according to the 1987 classification criteria of the
American College of Rheumatology (formerly, the Ameri-
can Rheumatism Association)" during their clinical course.

Of the 306 MZR users, MZR users who were taking
MTX (MTX-MZR group, n = 94) and over 70 years of age
(elderly group, n = 45) were collected. These patients were
carefully checked for regimens used based on medical
records, and analyzed for cumulative retention rates of
MZR using the Kaplan-Meier method. The MTX-MZR
group was classified into the following five groups according
to treatment regimen: group A, MZR added to MTX
therapy for poor responders to MTX; group B, MTX added
to MZR therapy for poor responders to MZR; group C,
switched from MTX to MZR; group D, switched from MZR
to MTX; and group E, started MZR and MTX concur-
rently. In addition, for each DMARD the mean age of RA
patients at the time of use was calculated based on the
IORRA database. Kaplan—-Meier analysis was also used to
compare the cumulative retention rate of MZR in patients
aged over 70 years (elderly group) with that in those aged
under 70 years. The log-rank test was performed to com-
pare the survival curves of each group. The relevant MZR
users were also examined for occurrence of adverse reac-
tions, which were collected from the patients’ self-report
questionnaires, [ORRA.

Results

Of the 6238 RA patients, 306 (4.9% ) received MZR therapy
during the 3-year period from October 2000 to October
2003. Among these patients, 94 (30.7%) were taking MTX
(MTX-MZR group), who were classified as follows: 50 pa-
tients in group A, 24 in group B, 7 in group C, 4 in group D,
and 9 in group E. Median drug survival of MZR was 28
months in group A, 56 months in group B, 15 months in
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Fig. 1. Survival analysis of Mizoribine (MZR) treatment continuation
in the five methotrexate (MTX)-MZR combination therapy groups.
Cumulative retention rate of MZR was highest in group B, the poor
responders to MZR for whom MTX was added, but lowest in group D,
the poor responders to MZR switched to MTX

group C, 2 months in group D, and 13 months in group E.
Cumulative retention rate of MZR was thus highest in
group B, poor responders to MZR for whom MTX was
added, but lowest in group D, the poor responders to MZR
switched to MTX (Fig. 1). In addition, data were analyzed
for the combination of group A and group C patients whose
cumulative retention rate of MZR may have been due to
the efficacy of MZR (i.e., poor responders to MTX), as well
as for the combination of group B and group D patients, the
poor responders to MZR. Median drug survival of MZR
was 28 months in group A and group C combined (poor
responders to MTX) and 43 months in group B and group D
combined (poor responders to MZR) (Fig. 2). There was no
significant difference between these two groups, as deter-
mined by the log-rank test (P = 0.33).

The mean age of MZR users was 58.8 years, which was
the highest among DMARDs, and MZR had one of the
highest user rates (17.4%) for elderly patients over 70 years
of age (Table 1). Median drug survivals of MZR were 18
months and 30 months in patients aged over 70 years (eld-
erly group) and those aged under 70 years, respectively,
without significant difference between these two groups as
determined by the log-rank test (P = 0.39) (Fig. 3).

Adverse reactions reported by patients and regarded as
related to MZR occurred in 37 (12.2%) of 304 patients
treated during the 3-year study period (Table 2). The ad-
verse reactions led to withdrawal of the drug in 15 patients
(4.9%) (Table 2). Of 94 patients in the MTX-MZR group,
10 (10.6%) experienced adverse reactions. These adverse
reactions included stomatitis in 4 patients, eczema/urticaria
in 2, and glossitis, herpes zoster, heartburn, and headache in
1 patient each, and adverse reactions leading to discontinu-
ation of the drug were observed in 5 of these patients. There
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Fig. 2. Survival analysis of MZR treatment continuation in the groups
of poor responders to MTX (groups A and C) and MZR (groups B and
D). Median drug survival of MZR was 28 months for the poor respond-
ers to MTX and 43 months for the poor responders to MZR. There was
no significant difference between these two groups, as determined by
the log-rank test (P = 0.33)
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Fig. 3. Survival analysis of MZR treatment continuation in patients
aged over 70 years (elderly group) and those aged under 70 years.
Median drug survivals of MZR were 18 months and 30 months in
patients aged over 70 years and those aged under 70 years, respectively,
without significant difference between these two groups as determined
by the log-rank test (P = 0.39)

Table 1. Mean age of subjects and percentage of subjects over 70 years of age for each DMARD

DMARD Mean age of subjects (years) Percentage of subjects
over 70 years of age
Methotrexate 57.1 14.3
Bucillamine 56.1 15.3
Sulfasalazine 56.4 15.0
D-Penicillamine 57.8 16.5
Sodium aurothiomalate 56.2 14.6
Actarit 56.7 15.9
Auranofin 57.0 17.6
Mizoribine 58.8 17.4

DMARD, disease-modifying antirheumatic drug

Table 2. Adverse effects of mizoribine (MZR) among 304 rheumatoid arthritis patients during
the 3-year study term determined using a self-report questionnaire

Adverse effect with MZR No. of patients No. of patients discontinuing

reporting

MZR due to adverse effect

Stomatitis 8
Skin rash 7
Epigastralgia 6
Heartburn 5
Herpes zoster 3
Dizziness 2
Skin itch 2
Liver dysfunction 1
Glossitis 1
Nausea 1
Headache 1

7

N =W AW

—_ =]

Total (%) 37 (12.2%) 15 (4.9%)
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Table 3. Adverse effects with mizoribine in the MTX-MZR group and the elderly group during
the 3-year study term determined using a self-report questionnaire

Adverse effect with
MZR

No. of patients No. of patients
discontinuing MZR

due to adverse effect

MTX-MZR group
(94 patients)

Stomatitis
Skin rash
Glossitis
Herpes zoster
Heartburn
Headache

Total (%)

Heartburn
Epigastralgia
Skin rash
Herpes zoster
Stomatitis

Total (%)

Elderly group
(45 patients)

[l NI S )

10 (10.6%) 5(53%)

HE NN W O === N
[ S

10 (22.2%) 4(8.9%)

None of the patients had severe adverse effects requiring hospitalization in either group

MZR, mizoribine; MTX, methotrexate

was no serious adverse reaction that required hospitaliza-
tion (Table 3). Ten patients (22.2%) in the elderly group
had adverse reactions (Table 3). The adverse reactions in-
cluded heartburn in 3 patients, gastric pain, eczema/urti-
caria, and herpes zoster in 2 patients each, and stomatitis in
1 patient, and the reactions observed in 4 patients (8.9%)
led to withdrawal of the drug. Of these adverse reactions,
gastrointestinal disorders were common, but none were
serious.

Discussion

This study was designed to examine the usefulness of MZR
by analyzing data from a cohort study of RA patients. Of
patients who received MZR, 30.7% were given MTX con-
comitantly or before or after taking MZR. Median drug
survival of MZR was 28 months for the poor responders to
MTX and 43 months for the poor responders to MZR (Fig.
2), with no significant difference between these groups, indi-
cating that drug continuation rate was relatively well main-
tained in both. One report has noted that duration of
treatment with a specific drug reflects the efficacy of the
drug." Taking this point into account, the above result sug-
gests the usefulness of MZR when added for poor respond-
ers to MTX, as well as the usefulness of MTX when added
for poor responders to MZR. Mizoribine antagonistically
inhibits the purine synthesis system, and subsequently de-
creases intracellular guanosine monophosphate, thereby
inhibiting cell growth.">'® Methotrexate, on the other hand,
binds to dihydrofolate reductase during folic acid metabo-
lism, and interferes with synthesis of the reduced form and
the function of thymidylate synthetase, and thereby largely
inhibits the pyrimidine synthesis system.” It is therefore gen-
erally presumed that concurrent use of MZR and MTX
yields more potent inhibition of nucleic acid synthesis.

Furthermore, in examining the effects of MTX and MZR,
which inhibit bone marrow cell differentiation to osteo-
clasts, Yoshida found differences in the types of cells vul-
nerable to effects of the individual antimetabolites, and
demonstrated the effectiveness of concurrent use of the two
drugs.”

Reports on MZR concomitantly used with other drugs
are summarized in Table 4.”'%* Usefulness of MZR has
been demonstrated for addition to nonresponders to
DMARDs such as bucillamine and for intermittent con-
comitant use with MTX. As shown in Table 4, MZR is
considered readily usable with other DMARD:s in clinical
practice for the treatment of RA, since it has a mechanism
of action distinct from those of other DMARDs and has
exhibited no drug interaction.

Characteristics of the patients in this study for whom
MZR was selected included the highest mean age among all
DMARDs used and a long-term MZR usage rate of nearly
40% in elderly patients aged over 70 years (elderly group).
This suggests that physicians select MZR as a drug
for elderly patients in the treatment of RA. It was reported
by Kashiwazaki et al.® that elderly patients aged over 60
years accounted for 50.2% (230/458 patients) of patients
treated in a post-marketing clinical study of MZR. In a
subsequent long-term extended study,” patients were
stratified into an elderly patient group and a non-elderly
patient group to compare therapeutic response to MZR,
and no difference in usefulness was found between the two
groups. According to a report by Urano et al.,” the re-
sponse rate early after onset for elderly patients with RA
was 46.2% (6/13 patients), and those who received MZR for
not less than 12 months accounted for 53.8% (7/13 patients)
of these elderly patients. These results are generally consis-
tent with the findings of this study that median drug survival
of MZR was 18 months in the elderly group. These findings
suggest that MZR is relatively easy to use in elderly
patients.
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Table 4. Reports of effects of additional combination therapy with mizoribine in Japanese patients with rheumatoid arthritis refractory to

treatment with other DMARDs

First Year No. of RA DMARDs Duration Efficacy Adverse effects

author®" patients (%)

Mori” 1995 33 BUC (not shown) + MZR 100-150 mg/day 6 months 51.5 Skin rash: 1

Shiokawa’ 1996 13 DMARDs (GST, BUC, MTX, D-Pen) + 24 weeks 33.0 None
MZR 100-150 mg/day

Kikuchi® 1997 12 BUC 100-300 mg/day + MZR >6 months 66.7 Abdominal discomfort: 1;
75-150mg/day Liver dysfunction: 1

Azuma' 1997 13 DMARD:s (not shown) + MZR >4 months 30.8 Diarrhea: 1; Irregularity in
50-300 mg/day menstruation: 1

Kosakai® 1997 2 ACT 300mg + MZR 75mg >4 months 100.0 None

Tokuda™ 1998 9 MTX >7.5mg/week + MZR 12 weeks 55.5 Malignant lymphoma: 2
300 mg/day (once a week)

Ueki® 1999 10 BUC 200 mg/day + MZR >10 months 80.0 None
200 mg/day

Inoue" 1999 19 (GST 10mg/week or AF 12 months 66.6 Skin rash: 1; Nausea: 1;
6mg/day) + MZR Constipation: 1;
50-100 mg/day Liver dysfunction: 1

Kohriyama® 2003 15 MTX 6 mg/week + MZR 24 weeks 33.0 Mild nausea: 1

300 mg/day (twice a week)

BUC, bucillamine; GST, sodium aurothiomalate; D-Pen, p-penicillamine; ACT, actarit; AF, auranofin

Mizoribine has been documented to be a relatively safe
drug not associated with significant adverse reactions.””” In
the present study, adverse reactions occurred with an ap-
proximate incidence of 10%-20% when MZR was adminis-
tered in the MTX-MZR group or the elderly group, and the
adverse reactions observed were of the types previously
reported. This suggests that MZR is a DMARD that can be
used with relative safety. Concomitant use of MZR with
other DMARDs and its frequent prescription to elderly
patients suggests that MZR is selected for its safety profile.
However, although this study revealed no serious adverse
effects of MZR, the dosage of MZR should be taken into
account when MZR is administered to patients with renal
dysfunction, especially to elderly patients, because it has
been reported that the half-life span in the blood of MZR is
approximately doubled in a patient whose creatinine clear-
ance is under 40 ml/min.” In conclusion, this study indicated
that, although MZR has not been frequently prescribed for
RA patients, it may be used with relative safety in addition
to MTX therapy in poor responders to MTX and elderly
patients.
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