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Abstract

BACKGROUND: Recent studies have suggested that conversion from cyclosporine A (CsA) to tacrolimus (FK 506)-based
regimen can improve renal allograft function and survival rate. But little is known about whether the conversion from CsA to
tacrolimus(FK 506) plus mycophenolate mofetil (MMF)-based regimen exhibits the same or similar clinical efficacy.
OBJECTIVE: To investigate the clinical efficacy and safety of converting CsA to FK506 plus MMF in treatment of different
types of chronic allograft nephropathy (CAN).

DESIGN, TIME AND SETTING: An observational and controlled trial was performed at the Center for Organ Transplantation,
Zhujiang Hospital, Southern Medical University from January 2005 to October 2007.

PARTICIPANTS: Fifteen-nine enrolled patients received CsA-based regimen after renal allografting. Following pathological
confirm and typing, all patients were assigned to two groups: CAN with chronic rejection (CR, n = 31) and CAN without chronic
rejection (non-CR, n = 28). FK 56 was purchased from Fujisawa Pharmaceutical Company, Ltd., Japan. MMF was sourced
from Shanghai Roche Pharmaceutical Co., Ltd., China.

METHODS: When patients were diagnosed CAN, the CsA regimen was conversed to FK506 plus MMF regimen. FK506
initiated at a dose of 0.08 mg/kg per day and then was adjusted to achieve steady-state whole blood trough levels of
approximately 5-8 pg/L. MMF was used at a fixed dosage, 1.0 g/d, twice a day, only if relative adverse events occurred. All
patients were followed up at least 6 months.

MAIN OUTCOME MEASURES: Serum creatinine(Scr), total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL),
24-h proteinuria, glomerular filtration rate (GFR), and complications.

RESULTS: All initial 59 patients were included in the final analysis. At 6 months after regimen conversion, the levels of Scr, TC,
TG, LDL, and 24-hour proteinuria were significantly reduced in non-CR, in particular CR, groups, compared with prior to
conversion (P < 0.05). GFR was markedly increased in both the CR and non-CR groups (P < 0.05). In the CR group, 20
patients obtained improved results, 7 got stable results, and 4 showed ineffective results. The effective rate of regimen
conversion was 64.5% and 32.1% in the CR and non-CR groups, respectively, and significant difference existed between the
two groups (P < 0.05). Compared with prior to conversion, the incidence of hypertension and hyperlipemia was significantly
decreased after regimen conversion (P < 0.05). There was no significant difference in diabetes mellitus, opportunistic infection,
and malignancy between prior to and after regimen conversion.

CONCLUSION: FK506 plus MMF-based regimen can markedly improve the function of renal graft of CAN, in particular CR,

patients.

INTRODUCTION

Despite the enormous advancement of
immunosuppressive therapy and a significant
improvement in short-term graft survival rate after
renal allografting, CAN is the leading cause of late
renal allograft loss and a headache problem to
clinicians!**,

Recent studies have suggested that conversion to
tacrolimus reduces cyclosporine (CsA) toxicity and
immunosupression can improve allograft function,

but the clinical efficacy and safety are discrepant!®®.

For this reason, such an intervention has been
considered to produce different outcomes in
different pathological types of CAN. The present
study performed CsA conversion to FK506 in
different pathological types of CAM.

SUBJECTS AND METHODS

Patients and study design
A total of 59 patients consisting of 33 males and 26

females received CsA-based regimen
immunosuppressive theray after cadaveric renal
allografting at the Center for Organ Transplantation,
Zhujiang Hospital, Southern Medical University from
January 2005 to October 2007. All patients were
pathologically diagnosed with CAN and assigned to
a CAN with chronic rejection (CR) group (n =31) and
a CAN without CR (non-CR) (n = 28) group. The
baseline data are shown in Table 1. There was no
significant difference in baseline data between CR
and non-CR groups.

Converting scheme

When CAN was pathologically confirmed, the CsA
regimen was conversed to FK506 plus MMF
regimen. FK506 initiated at a dose of 0.08 mg/kg per
day and then was adjusted to achieve steady-state
whole blood trough levels of approximately

5-8 ug/L. MMF was used at a fixed dosage, 1.0 g/d,
twice a day, only if relative adverse events occurred.
All patients were followed up at least 6 months.
FK506 dosage adjustment was based on the
following principles: @O When the blood
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concentration > 10 ng/mL, 1/4-1/3 of the FK506 dosage was
reduced and the blood concentration was retested 1 week
later. @ When Scr kept going up and exceeded its baseline
more than 30%, 1/4-1/3 of the FK506 dosage was reduced
and Scr level was retested 1 week later, if it kept going up,
Fk506 was reduced to half of its basic dosage or even
withdrawn. & When the patients were complicated by
hyperglycemia, FK506 was reduced to half of its dosage. @
When the patients were complicated by server infection,
immunosuppressants were withdrawn for a few days and the
primary immunosuppressive protocol was reassumed as soon
as the infection was brought under control.

Table 1 Baseline data of CR and non-CR groups

CR group Non-CR

(n=31) group (n= 28)P value

Item

non-CR groups was compared using Pearson’s X? test or
Fisher’s exact test. P < 0.05 was considered statistically
significant.

RESULTS

Quantitative analysis of subjects
All initial 59 patients were included in this study.

Laboratory examination results

At 6 months after regimen conversion, the levels of Scr, TC,
TG, LDL, and 24-hour proteinuria were significantly reduced in
non-CR, in particular CR, groups, compared with prior to
conversion (P < 0.05). GFR was markedly increased in both
the CR and non-CR groups (P < 0.05, Table 2).

Heat ischemia time (min) 14.1+4.0 14.9#3.6  0.900%
Cold ischemia time(h) 5.3+1.7 5.4£15 0.709%
Age (yr) 40.8+10.9  43.3+12.0 0.537%
Gender(% males) 20(64.5%) 16(57.1%) 0.562°
HLA mismatches 2.6+0.7 2.0£1.2 0.541%
PRA (%) 24.5+31.4  21.4428.5 0.487°
Dialysis time(mon) 8.9+3.6 10.0+#4.5 0.161%
Delayed renal allograft function (%) 3(9.7%) 2(7.1) 0.727°

Primary cause of renal failure [n (%)] 0.499°

Chronic glomerulonephritis 19(61.35)  16(57.15)
Diabetes mellitus 2(6.5%) 3(10.7%)
Polycystic kidney disease 2(6.5%) 0(0.0%)
Others/Unknow 8(25.8%) 9(32.1%)

CR: chronic allograft nephropathy with chronic rejection; non-CR:
chronic allograft nephropathy without chronic rejection; HLA: human
leukocyte antigen; PRA: panel-reactive antibody; Values are
expressed as Mean * Standard Deviation or number (percentage); a
for Student’s t test, b for Pearson’s chi-squared test

Clinical criteria

Effectiveness was defined as follows: improved: a decrease of
serum creatinine (Scr) of more than 10%, which persisted
during follow-up period; stable: Scr remained within 10% of
the previous level at the end of follow-up; failed: either a
persistent deterioration of renal function or failure to stabilize.
Dialysis was necessary for graft failure patients.

Laboratory parameters

Scr, total cholesterol (TC), triglyceride (TG), low density
lipoprotein (LDL), 24-hour proteinuria, glomerular filtration rate
(GFR) were examined. The cardiovascular risk profile was
assessed by the incidence of hypertension,
hypercholesterolemia and post-transplant diabetes mellitus
(PTDM). Hypercholesterolemia was defined as TC greater
than 5.8 mmol/L (224 mg/dL) or requiring lipid-lowering agent.
The use of drugs for hypertension or hypercholesterolemia
was established from the medical record. PTDM was defined
as fasting blood glucose more than 7 mmol/L (126 mg/dL) on
two occasions at any time after transplantation in those
patients with no previous history of diabetes mellitus.

Statistical analysis

All data were analyzed using SPSS 13.0 software and were
expressed as MeantSD. Baseline data were compared using
Student’s t test, Pearson’s X?test or Fisher’s exact test where
appropriate. The rate of adverse events between CR and
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Table 2 Laboratory exmination results of CR and non-CR

groups (x£s)
CR group (n = 31)
Item
Prior to conversion 6 mon after conversion
Scr (umol/L) 291.0£82.0 236.6£75.6°
GFR (mL/min per 1.73 m?) 48.3+3.3 54.7+3.9°
Proteinuria (g/24 h) 3.7+0.8 2.0£0.3%
TC (mmol/L) 6.8+1.3 5.2+0.7%
TG (mmol/L) 3.1+1.1 1.9+0.8°
LDL (mmol/L) 3.9+1.0 2.5+0.5%

Non-CR group (n = 28)

Item
Prior to conversion 6 mon after conversion
Scr(umol/L) 302.3+98.2 287.5£80.3%
GFR(mL/min per 1.73 m?) 48.8+3.4 50.9+3.5%
Proteinuria (g/24 h) 3.5+0.6 2.8+0.5%
TC (mmol/L) 6.9+1.8 6.0£0.9%°
TG (mmol/L) 2.9+1.0 2.5+0.9%°
LDL (mmol/L) 3.8+0.8 3.0£0.7%

CR: chronic allograft nephropathy with chronic rejection; non-CR:
chronic allograft nephropathy without chronic rejection; Scr: serum
creatinine; GFR: glomerular filtration rate; TC: total cholesterol; TG:
triglyceride; LDL: low density lipoprotein; ®P < 0.05, vs. 6 mon in the
CR and non-CR groups; °P < 0.05, vs. 6 mon in the CR group

According to clinical criteria, 20 patients were improved, 7
patients were stable, and 4 patients failed and received
hemodialysis in the CR group; 9 patients were improved, 12
patients were stable, and 4 patients failed in the non-CR group.
The effective rate of regimen conversion was 64.5% and
32.1% in the CR and non-CR groups, respectively, and
significant difference existed between the two groups (P <
0.05). Compared with prior to conversion, the incidence of
hypertension and hyperlipemia was significantly decreased
after regimen conversion (P < 0.05). There was no significant
difference in diabetes mellitus, opportunistic infection, and
malignancy between prior to and after regimen conversion.
There was statistical difference in clinical efficacy between the
CR and non-CR groups (P < 0.05; Table 3). After regimen
conversion, the incidence of hypertension and
hypercholesterolemia was obviously decreased compared
with prior to conversion, and there was no statistical difference
in the incidence of diabetes mellitus, opportunistic infection,
and malignancy among 59 cases (P < 0.05; Table 4).
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Table 3 Clinical efficacy of CR and non-CR groups

CR group (n =31) Non-CR group (n = 28)

Improved 20 9
Stable 7 12
Failure 4 7
Clinical effcacy 64.5% 32.1%

Table 4 Pre- and post-conversion complications of 59

patients (n /%)
Complication Pre-conversion Post-conversion P value
Hypertension 39/66.1 25/42.4 0.010°
Hypercholesterolemia 29/49.2 18/30.5 0.039"
Diabetes mellitus 6/10.2 8/13.6 0.569"
Opportunistic infection 10/16.9 8/16.3 0.931°
Malignancy 0/0 0/0 1.000°

b for Pearson’s chi-squared test

DISCUSSION

CAN has become a major cause of renal dysfunction and
renal allograft loss after transplantation. Both FK506 and CsA
belong to calcineurin inhibitors (CNI). But CsA has a series of
side effects such as nephrotoxicity, hypertension, metabolic
disturbances of blood lipids, etc, which are primary causes of
CAN in the triple immunosuppressive regimenl”®. FK506 had
been proved more effective than CsA for CAN. Scientists
further researched FK506 and concluded that FK506 can
suppress the progression of CAN. The potential mechanisms
include: O The immunosuppressive efficacy of FK506 is
50-100 times than that of CsA, it can not only be used as
basal immunosuppressants to prevent rejection but also be
effective to steroid-resistant and intractable rejection. Thus the
administration of FK506 will play an important part in
preventing CAN®.(2) The nephrotoxicity of CNI is a very
important factor in the progression of CAN. As the dosage of
FK506 clinically prescribed is much lower than that of CsA, it
will notably lessen the nephrotoxicity of CNI and slow the
progression of CAN!?. &) Hypertension and hyperlipidemia
are important risk factors in the occurrence and progression of
CAN. CsA can activate rennin-angiotensin system and
influence the constriction/dilation function of renal vessels to
cause hypertension, It can also cause a high level of LDL and
enhance the side effects of steroids to cause hypertension. On
the contrary, FK506 would not bring these side effects. So
after conversion, hypertension and hyperlipidemia will be
more efficiently controlled and the renal allograft function will
be improved™. In the present study, at 12 months after
conversion, the level of Scr, TC, TG and LDL in both groups
was lower and GFR was higher than prior to conversion.
Comparisons between pre- and post conversion in both
groups reveal significant statistical difference. In the CR group,
the level of Scr, TC, TG and LDL was (236.6+75.6) umol/L,
(5.2+0.7), (1.9+0.8), and (2.5+£0.8) mmol/L respectively, and
they were all at a significantly lower level than the non-CR
group. The mean GFR was significantly higher in the CR
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group than in the non-CR group (P < 0.05, Table 1). @WCsA
can injure P-glycoprotein and make it accumulated in the cells.
The accumulation will injure proximal tubule and finally cause
tubular interstitial fibrosis™?. In vivo and in vitro experiments
reveal that CsA stimulate the expression of tumor growth
factor beta 1, which will cause fibrosis and stimulate the
expression of platelet derived growth factor and finally cause
smooth muscle cell hyperplasia. This plays an important role
in the progression of graft arteriosclerosis. Different from CsA,
FK506 has the same binding site with tumor growth factor
beta receptor (TGF-B), which is called FKBP-12. It will
interfere the expression of TGF-B by competitive combination,
and may ameliorate graft fibrosis and finally slow the
progression of CAN3., Proteinuria is one of the important
characteristics in the progression of CAN. Meantime, protein
in the urine will subside in the basement membrane and
protein cast will block the tubule, which will accelerate the
progression of CANP4.

In the present study, at 12 months after conversion,
proteinuria in the both groups was significantly lower than
prior to conversion, the level of 24-hour proteinuria in the CR
group was decreased from (3.7+£0.8) g to (2.0+0.3) g, which
was significantly lower compared with the non-CR group (P <
0.05, Table 3). This indicates that FK506 could efficiently
improve proteinuria in CAN patients, in particular CR patients,
and delay the progression of renal dysfunction. The present
results suggest that conversion from CsA to FK506 markedly
improve the allograft function and slow the progression of
renal failure. The side effects and toxicity of FK506 have
positive correlation with its dosage. The 5-10 ng/mL target
FK506 is considered to be safe at 6 months after renal
allografting™®.

In the present study, there was no significant statistical
difference in the incidence of side effects and toxicity between
the CR and non-CR groups. Compared with a prospective,
randomized, multicenter, clinical trail®® , we found low dosage
of FK506 and well controlled blood concentration would not
increase the allografting risk.

There are several limitations in the present study, and protocol
biopsies are not a part of the routine practice in our center.
Without histological information, subclinical rejection and CNI
toxicity cannot be diagnosed early or accurately. This may
influence our observation results. Based on early diagnosis
and recognition of these disorders, proper FK506 adjustment
in our immunosuppressive regimen may improve the worse
outcomes. The mechanisms as to why FK506 produces
different efficacies in treatment of different pathological types
of CAN need to be further investigated.
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