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The purpose of this study was to evaluate the effect
and safety of azathioprine (AZA) replacement with
mycophenolate mofetil (MMF) in a triple drug immu-
nosuppression protocol on kidney transplant recipients.
Fifty patients (35 men), 34 year — old (range 15 — 60
years) were included in the study. The replacement of
AZA with MMF was done 5.24 +2.43 years from trans-
plantation (range 1.47 — 10.56 years) because of a se-
rum creatinine rise and / or proteinuria. The patients
had received triple or quadruple induction therapy with
Cyclosporine A (CsA), methylprednizolone, AZA and
antilymphocyte globulin. Forty patients had received a
kidney graft from living related donor (LRD).

Serum creatinine (Cr), total protein (Pt), SGPT
levels, WBC, platelet count and Ht were recorded ev-
ery two months for a period of one year before and
one year after conversion. At the same time period
infections were recorded. Proteinuria (12 patients)
was recorded at the time of conversion and six months
later. Statistical analysis was done with ANOVA for
repeated measures and paired t test.

Serum Cr was 1.31+0.35 mg/dl, 1.41+0.38 mg/
dl, 1.35+0.38 mg/dl, 1.37+0.35 mg/dl, 1.45+0.38 mg/

MMEF is a prodrug of mycophenolic acid, an im-
munosuppressant, which inhibits inosine monophos-
phate dehydrogenase, an enzyme for the de novo
synthesis of guanosine nucleotides in T and B — lym-
phocytes and smooth muscle cells"2.

MMF inhibits the proliferation of lymphocytes
and smooth muscles, the cytotoxic T lymphocyte re-
sponse to allogenic cells, the production of antibod-
ies induced by mitogens and antigens, and suppresses
the production of antibodies against the anti — lym-
phocyte globulins®®.

dl, 1.45+0.38 mg/dl »wou 1.47+0.40 mg/dl 12, 10, 8,
6, 4, 2 and 0 months before the conversion respec-
tively (p=0.0005), and 1.54=0.41 mg/dl, 1.50+0.41
mg/dl, 1.54+0.47 mg/dl, 1.60%=0.49 mg/dl,
1.56+0.44 mg/dl, 1.66=0.57 mg/dl 2, 4, 6, 8, 10 and
12 pnveg after conversion respectively (p=NS).
Proteiuria was 0.59+0.64 g/24h before and 0.64+0.69
g/24h one year after conversion (p=NS). The infec-
tions per patient year were 0.44+0.54 before and
0.42%0.53 one year after the conversion (p=NS).
WBC, platelets and Ht, the serum Pt and SGPT did
not show significant difference during time before
and after the conversion.

In conclusion the shift from AZA to MMF re-
tarded the graft function deterioration in patients
with a history of acute rejection episode and/or
chronic allograft nephropathy and allowed the low-
ering of cyclosporine dose in patients with
cyclosporine toxicity and grafts from aged donors.
This conversion was not accompanied by new acute
rejection episodes, new cases of chronic allograft
nephropathy and there was no patient or graft loss.
Hippokratia 2002, 6 (4): 177-185

The main cause of chronic allograft nephropathy
is the occurrence of acute rejection episodes’. It is
known that MMF in combination with steroids and
CsA reduces the occurrence of acute allograft rejec-
tion compared with the AZA, steroids and CsA triple
drug immunosuppressive protocol'™'. Recent evi-
dence suggest that the use of MMF is connected with
better long-term patient and graft survival when com-
pared with immunosuppressive scheme containing
AZA".

The information concerning the effect of MMF
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on grafts with ongoing allograft nephropathy is
scarce'®. Having in mind the above and the fact that
MMF may inhibit chronic rejection in animal stud-
ies> 16 we decided to investigate the safety and ef-
fectiveness of substitution of MMF for AZA in cases
with ongoing allograft nephropathy - dysfunction.

Patients and methods

Fifty patients were evaluated. Their demographic
data are shown in table 1. The conversion from AZA
to MMF (table 2) was done 5.24+2.43 years from
transplantation time (range 1.47 — 10.56 years) be-
cause of a serum creatinine rise and / or proteinuria
(> 0.25 g/24 h). The patients had received triple or
quadruple induction therapy with CsA, methylpred-
nizolone, AZA and antilymphocyte globulin. Forty
patients had received a kidney graft from LRD and
ten from a cadaveric one. MMF was given by mouth
in a daily dose of 20 — 30 mg / Kg divided in two.
During the time of follow up the MMF dose was
adjusted according to the behavior of each patient
(leukocyte count, infections).

Serum creatinine (Cr), total protein (Pt), albumin
SGPT, alkaline phosphatase levels, WBC and plate-
let count, and Ht were recorded every two months for
aperiod of one year before and one year after conver-

Table 1. Demographic data

sion. Infections were recorded at the same time. Pro-
teinuria (12 patients) and cyclosporine levels were
recorded at the time of conversion and one year later.
AZA and MMF doses were recorded 12 months be-
fore, at conversion and 12 months after conversion.
Statistical analysis was done with ANOVA for re-
peated measures and paired t test. Regression analy-
sis was used for serum creatinine curve and slope esti-
mation. A p value less than 0.05 was considered to be
significant. These patients were divided into two
groups: Group A (19 patients) with an acute or chronic
rejection history, documented by a kidney biopsy and
group B (31 patients) with an aged graft implanted
(> 55 years old donor) or a CsA toxicity history (bi-
opsy proved or clinically suggested because of serum
creatinine fall after reduction of the cyclosporine dose).

Results

In table 3 the mean serum creatinine level of the
whole sample (50 pts) presented a significant raise
one year before conversion while there was no sig-
nificant change after conversion. In group A (19 pts)
there was a significant raise of serum creatinine level
before conversion while there was no significant
change after conversion. In group B (31 pts) there
was a raise of serum creatinine levels but it was not

Patients : 50 Primary renal disease
Men : 35 Chronic glomerulonephritis 21
Women : 15 Polycyctic kidneys 5
Age : 34.47 = 11.20 years Interstitial nephritis /
range : 15 - 60 years pyelonephritis 8
Donor age 50.5+14.8 Angitis 4
range : from 12.22 to 77.45 Other congenital diseases 2
Hypertensive nephrosclerosis 1
Unknown 9
Table 2. Clinical Data
LRD : 40 CD :10 Patients with CAN: 8
Conversion time : 524 = 243 £m Patients with acute rejection: 11
(from Rt) Patients with proteinuria: 12
range : 1.47 -10.56 € Patients with CsA toxicity 6
Immunosuppression (clinical picture)
Triple : 40 Patients with CsA toxicity 5
Quadruple : 10 (biopsy)
Patients with aged grafts 20

CAN = Chronic allograft nephropathy

CD: Cadaveric donor
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Table 3. Serum creatinine changes of the whole patient sample, in patients with acute rejection, and in patients
without rejection before and after conversion

Time Whole patient Patients without Patients with Patients with CsA
sample (50) rejection (31) rejection (19) toxicity (biopsy in 5)
Serum creatinine (mg/dl)
12 months before | 1.31 * 0.35° 1.27 £ 0.30 1.37 £ 0.42% 1.32 £ 0.58
10 » 1.41 = 0.38° 1.34 £ 0.33 1.52 £ 0.43% 1.46 = 0.57
8 » 1.35 = 0.38" 129 = 0.36 1.44 + 0.391 1.38 £ 0.56
6 » 1.37 = 0.35° 1.29 = 0.30 1.49 + 0.391 1.36 = 0.52
4 » 1.45 = 0.38° 1.34 = 0.34 1.61 = 0.39* 1.50 = 0.47
2 » 1.45 = 0.38° 1.37 = 0.31 1.58 £ 0.452 1.46 = 0.54
0 conversion 1.47 = 0.40° 1.35 = 0.32 1.64 £ 047 1.40 = 0.50
2 months after 1.54 = 0.41 1.42 = 0.35 1.61 £ 0.46 1.50 = 0.49
4 » 1.50 = 0.41 1.46 = 0.39 1.65 = 0.55 1.36 = 0.45
6 » 1.54 = 0.47 1.46 = 0.41 1.78 £ 0.54 1.40 = 0.40
8 » 1.60 + 0.49 1.49 = 0.37 1.66 = 0.50 1.40 = 0.46
10 » 1.56 = 0.44 1.52 = 0.40 1.82 £ 0.73 1.46 = 0.55
12 » 1.66 = 0.57 1.47 = 0.40 1.85 = 0.78 1.44 = 0.52

° p=0.0005 repeated measures analysis of variance

1p=0.011 repeated measures analysis of variance

significant neither the year before nor the year after
MMF conversion. The serum creatinine of patients
with CsA toxicity, confirmed by graft biopsy, showed
araise of serum creatinine before MMF conversion,
while after MMF conversion there was no change.
The number of these patients was too small to draw
any conclusion. No change was noticed the period
before and after conversion regarding the total se-

rum protein, serum albumin, alkaline phosphatase
and transaminase levels (table 4). Also, fairly stable
remained the WBC, Ht and platelet number before
and after conversion (table 5). There was no change
of 24-hour proteinuria and the number of infections
remained stable during the two year follow up (table
6). No new case of proteinuria was traced after con-
version from AZA to MMF.

Table 4. Serum total protein, albumin, transaminase and alkaline phosphatase levels before and after the conver-

sion from AZA to MMF in the whole patient sample

Time Total protein Albumin Transaminase Alkaline

(months) g/dl g/dl (GPT) iu/l posphatase iu/l
-12 7.42 £ 0.53 4.76 + 0.39 20.45 = 10.91 84.58 + 33.9
-10 7.58 + 0.63 475 £ 0.45 29.93 + 20.32 88.27 £ 27.5
-8 7.51 £ 0.58 474 = 0.44 21.83 = 17.84 94.51 = 36.0
-6 7.56 = 0.59 4.65 = 0.55 23.96 + 19.25 83.68 + 33.3
-4 7.52 = 0.63 473 = 0.44 27.74 + 33.23 85.82 + 34.3
-2 7.51 £ 0.63 4.66 = 0.47 23.00 = 13.29 84.92 + 39.3
0 7.57 £ 0.73 4.72 = 0.50 22.54 £ 12.49 81.03 + 324
+2 7.41 = 0.56 4.62 = 0.47 26.55 £ 22.35 86.63 * 34.6
+4 7.65 = 0.69 4.73 + 0.58 25.33 £ 22.08 86.81 + 32.2
+6 7.57 £ 0.57 479 + 0.57 21.29 = 11.15 81.81 + 34.9
+8 7.55 = 0.70 4.80 = 0.51 23.25 + 8.64 83.04 + 35.7
+10 7.56 = 0.66 472 = 0.61 21.22 +7.39 76.18 + 28.1
+12 7.46 = 0.67 4.83 £ 0.55 21.62 = 9.08 78.54 £ 37.3

p: NS in all cases
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Table 5. WBC, platelet and Ht levels during the period of follow up before and after conversion in the whole patient

Platelets
/mm?

224638 = 62258
228888 = 58785
225883 = 57394
226880 = 54807
218138 = 52003
213722 = 46806
209527 = 51772
212821 = 59797
211214 = 59850
221178 = 75900
206714 = 62391
193285 + 57189
212714 + 45378

sample
Time WBC Ht
(months) /mm? %
-12 8202 + 2076 40.5 £ 5.8
-10 8335 + 2003 40.7 £ 5.2
-8 8390 + 2196 40.7 = 5.1
-6 8010 = 2037 403 =49
-4 7935 + 1752 403 =54
2 8080 = 2029 40.6 = 5.5
0 7860 + 1852 403 = 5.7
+2 7646 * 1832 39.1 54
+4 8210 + 1849 39.0 £ 5.8
+6 8033 + 2019 39.6 £5.0
+8 7796 * 1993 40.0 = 5.0
+10 8313 + 2274 39.8 £5.2
+12 8343 + 2218 394 = 4.8
p: NS

Table 6. Proteinuria (24 hour) at time of conversion and one year later and infection rate one year before and one

year after conversion
Time on conversion one year later
Proteinuria (g/24h) 0.59 = 0.64 0.64 = 0.69

Infections

(/year)

the year before

0.44 = 0.54

the yare after

0.42 = 0.53

p=NS, t test yia pn Cevyn Tudv

The azathioprin dose (mg/d) showed a not signifi-
cant tendency to rise during the year before conversion.
The mycophenolate mofetil (g/d) dose was reduced sig-
nificantly (p= 0.0005) from the time of conversion to the
end of the year (table 7) mainly due to infection adjust-
ment. Atthe same time there was a significant reduction
of the cyclosporine level in the group B (p= 0.024, table
8). There was no acute allograft rejection or patient death
after conversion. Also, there was no new case of chronic
allograft nephropathy. The slope and curve of serum crea-
tinine is shown in table 9 and fig. 1, 2, 3, 4.

Discussion

Itis known that the addition of MMF to schemes
of cyclosporine and steroids reduces the acute rejec-
tion episodes!'2!718 Tt has been shown that MMF in
triple drug protocols is connected with lower rates of
acute allograft rejection compared with AZA triple
drug immunosuppressive protocols'*'2. Also, the use
of MMF is connected with better long-term patient
and graft survival when compared with immunosup-
pressive scheme containing AZA"B.

Table 7. Azathioprine and MMF dose during the follow up period

Time Azathioprine Mycophenolate mofetil
mg/d gr/d

-12 months 82.95 = 25.15 -

0 84.09 + 23.55 1.52 = 047*

12 months - 1,30 = 0,361

1p=0.0005
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Table 8. CsA levels at the time of conversion and one year later in patients with or without rejection and

methylprednizolone dose according to donor origin

Cyclosporine A levels (ng/ml)

Patients with rejection

(grup A) or an aged graft (grup B)
During the conversion 91.36 + 24.34 100.80 = 26.44*
Twelve months later 84.42 = 13.71 91.56 = 26.15t
Methylprednizolone dose
kidney from living related donor : 0.08 mg/d
kidney from cadaveric donor :0.10 mg/d

Patients with CsA toxicity

1p=0.024

Table 9. The slope of the curve of the mean of serum creatinine levels of the whole patient sample, of the patients
with and without rejection and the patients with biopsy proved CsA toxicity one year before and one year after

conversion from AZA to MMF

Time Whole patient | Patients with Patients without Patients with biopsy proved
sample rejection rejection CsA toxicity

1 year before 0.0217 0.0450 0.0037 0.0129

1 year after 0.0221 0.0315 0.017 0.0037

The trials of switching from CsA to MMF in pa-
tients with graft dysfunction taking CsA and corticos-
teroids, have been connected with acute rejection
episodes and graft and patient loss due to cancer or
infection as a result of over - immunosuppression'*?.

This retrospective analysis was done on 50 pa-
tients with slowly but significantly deteriorating graft
function (table 3) and / or proteinuria (table 6) in
whom there was a tendency to augment the AZA
daily dose. Our findings indicate that a shift from
AZA to MMF retards the graft function deteriora-
tion (measured by serum creatinine) in patients with
chronic allograft dysfunction (table 3, figure 1). Fur-
ther analysis of our results showed that the patients
that may benefit from this conversion are those with
a history of acute rejection and / or ongoing chronic
allograft rejection (tables 3, 9, figures 3, 4). The fact
that renal function deterioration is not linear in pa-
tients with chronic allograft nephropathy but accel-
erates during time?*' stresses the significance of MMF
influence in this setting. These findings are in agree-
ment with a pediatric study in which the substitution
of MMF for AZA was connected with improvement
of patients’ immunosuppressive status, significant fall
of serum creatinine and significant deterioration of
proteinuria of patients with ongoing chronic rejec-

tion'. In that study T — lymphocytes did not change
during MMF treatment; in contrast B — lymphocytes
(CD19") were decreased only in patients treated with
MMEF". In our study baseline proteinuria was not
different from that measured one year after conver-
sion (table 6) in disagreement with the pediatric study
where there was found a significant fall'* and the
study of Ducloux * where there was increased pro-
teinuria.

The conversion allowed us to reduce significantly
the cyclosporine dose in patients with CsA toxicity or
aged grafts (table 8). This shift was not accompa-
nied by significant change of serum creatinine level
or shift of the slope of the curve of serum creatinine
during time. Further analysis of 5 patients with
cyclosporine toxicity, confirmed by graft biopsy,
showed that there was a slow down of the slope of
serum creatinine after the switching from AZA to
MMF (table 9, figure 4).

This conversion did not affect the liver enzymes
measured and there was no change of the hemato-
logical patients’ profile (tables 4, 5). The infections
per patient year were not different compared with
those of the year before conversion (table 6). The
switching from AZA to MMF was not associated with
graft rejection episodes, new cases of chronic al-
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lograft nephropathy, patient or graft loss during the
follow up period.

In conclusion the shift from AZA to MMF re-
tarded the graft function deterioration in patients
with a history of acute rejection episode and chronic
allograft nephropathy and allowed the lowering of
cyclosporine dose in patients with cyclosporine tox-
icity and grafts from aged donors. It was safe be-
cause was not accompanied by new acute rejection
episodes or new cases of chronic allograft nephropa-
thy and there was no patient or graft loss.

Iegidnym

I'. Bégyovdag, I'o. Mvoegiijs, I. Poviag, I. Toe-
Admoviog, B. IHamavixoldov, A. I'dxns, E. Atuargi-
ong, A. Avrovidons. Aviiratdotaon tng oladelomnoi-
vng ne mycophenolate mofetil o ao0eveig pe peta-
pooyevon vegeov. Inmoxpdrewa 2002, 6: 4: 177-185

200G TG UEAETNS TV VO UEAETHOOVLE TNV O
OQAAELD ®OL THV ETIOQOON TG AVTIRATACTAONS TNG
alaberompivng ue MMF oty avoooxotaotoly] ov-
VINENONG UETAUOOYEVUEVMV A0OEVAIV. Xt LEAETY TTE-
otMigpOnxray 50 aoBeveic (35 avopeg), nhwniog 34 ¢-
TV (draxtpavon 15— 60 €n). H avuiwatdotoon g
AZA pe MMF ¢€ywve 524243 € (Suandpovon
1.47-10.56 €mn) petd ) peTOUSOYEVON AGYM VGO0V
™G ROEATLVIVNS TOV 000U 1naw/M Aevrmpuatovpiog. Ot
ao0evelg elyav TAQEL TOLTAY| 1] TETQOITAY dLadoyLni
ELOAYWY XY OVOOOROTAOTOM] UE ®KURAOOTOQ(VY, A-
ZA, nefulmoedviCoAGVT), ROL OVTLAE UPORVTTOQIXY
OPALOIVY. Z0QAVTOL ATtd QUTOUS €OV TTAQEL LOOYEV-
uoL ot ovyyevy Covrove dot. H xpeatvivy 0pot
(Cs), T0 oMnd Aetmmpo. tov 0000 (tP), ta entimedo g
SGPT, 0 colBuog AEURDY OULUOOPOLOLMY RO OLUOTTE -
Talwv, row o cupatorpitg (Ht) noatorypdgnuay avd
Olunvo yLo SudoTnuo eVEg €TOVS TTOLY ROl EVOS UETA
™V petateom. To (010 xoovird didotnua xororyQd-
enravy zow oL houdgels. H Aevropoatovpia (12 o-
00evelc) 1oTOryQAQEN1E TN OTLYUN TNG UETATOOTTHG KOl
éva €1og apyotepa. H otatiotinn uehét €ywve ue
ANOVA yio emavel\UUEVES UETONOELS ®OW t test yLot
Cevyn tndv (SPSS for Windows). H Cs ntav
1.31+0.35 mg/dl, 1.41+0.38 mg/dl, 1.35+0.38 mg/
dl, 1.37+0.35 mg/dl, 1.45+0.38 mg/dl, 1.45=+0.38 mg/
dl now 1.472+0.40 mg/dl 12, 10, 8, 6, 4, 2 now 0 wiveg
7oy amd ™) petatpomy aviiotoryo (p=0.0005), zow
1,54+0.41 mg/dl, 1.50%0.41 mg/dl, 1.54+0.47 mg/
dl, 1.60=0.49 mg/dl, 1.56+0.44 mg/dl, 1.66=0.57 mg/
dl2,4,6,8, 10 now 12 pjveg Hetd T NETOTOOTN OLVT(-
otovya (p=0.35). H Aevrmpatovpio vjtay 0.59+0.64
g/24h mow za 0.64=0.69 g/24h €va €tog petd ™

uetaroormy (p=NS). Ot howuwrEers avd €tog aobevel-
agfray 0.44+0.54 wowv nan 0.42+0.53 €va €tog puetd
™ uetatpony (p=NS). Ta Aevxrd owpoopaipla, To
ouporteTdMa, o Ht, 10 oMxd AeUnmuo Tov 000U %o 1
SGPT dev €del&Eav onuovtxn dlopoed ot dtdoneLa
TOV YQOVOU TTOLV KOL UETE TN LETOTQOT. ZUUTEQO!-
ouatnd 1 oviwotdotoon ™ms AZA pe MMF em-
Boadvvel g ExmTwon g AeLTovEY oG TOV HOOYEV-
HOTog o€ 00DEVE(S e LoTOEIHO OEE(NS ATTGREWNS XKoL
/% xooviag vepeomdbeLlag Tov pooyevuartoc. Emi-
TOETEL TNV ENATTMON TNG OO0NG TS KURAOOTOQIVIG
o€ aoBeveig e ToEirdTTo 0mtd ®URAOOTOQIVN Y LoD~
velg wov €xovv mdeL NALmUEVO nooyevuarto. H o-
VTROTAOTOON ovTi| dev ouvOEON®E ne emelcodia o-
Eelog 0mmopEUPNs, EUPAVLOTN YOOVLAGS VEQPQOTAOELNS
UOOYEVUATOS OUTE [UE OTTMAELOL OLODEVAV 1] LOOYEV-
UATOV.
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