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	 Background:	 At present, there is no ideal conventional triple regimen that can effectively treat gastrointestinal (GI) compli-
cations in patients after kidney transplantation. We aimed to investigate the efficacy and safety of a quadru-
ple regimen including standard-dose tacrolimus, low-dose enteric-coated mycophenolate sodium (EC-MPS), 
low-dose mizoribine (MZR), and corticosteroids, compared with regimens containing standard-dose tacrolimus, 
corticosteroids, plus either low-dose EC-MPS or standard-dose MZR in patients with mycophenolic acid (MPA)-
related GI complications after renal transplantation.

	 Material/Methods:	 Between August 2016 and October 2018 in Qilu Hospital of Shandong University, 115 living donor kidney trans-
plant recipients with MPA-related GI complications were enlisted in a single-center, prospective, randomized, 
control study. Thirty-six recipients were assigned to the low-dose EC-MPS plus low-dose MZR group, 37 recipi-
ents were assigned to the low-dose EC-MPS group, and 39 recipients were assigned to the standard-dose MZR 
group. We analyzed the Gastrointestinal Symptom Rating Scale (GSRS), estimated glomerular filtration rate 
(eGFR), graft rejection, serum creatinine, human leukocyte antigen (HLA) antibody, and the occurrence of ad-
verse events among the 3 groups.

	 Results:	 Compared with baseline, gastrointestinal symptoms improved significantly in all 3 groups. The reduction in 
mean subscale scores from baseline to month 3 was more significant in the standard-dose MZR group compared 
with the other 2 groups. The low-dose EC-MPS plus low-dose MZR group had better renal function. The inci-
dence of graft rejection and cytomegalovirus (CMV) and polyomavirus BK (BKV) infection, as well as the inci-
dence of hyperuricemia, in the low-dose EC-MPS plus low-dose MZR group were all significantly reduced.

	 Conclusions:	 This quadruple regimen may be equivalent to regimens containing standard-dose tacrolimus, corticosteroids 
plus either low-dose EC-MPS or standard-dose MZR in improving GI symptoms after kidney transplant, and is 
also advantageous for kidney function, graft rejection, and the rates of adverse events.
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Background

Renal transplantation is the best way to treat patients with 
uremia. Advancements in immunosuppressive therapy and sur-
gical techniques provide excellent graft survival [1]. However, 
gastrointestinal (GI) complications are common after kidney 
transplantation [2]. Severe GI complications can lead to weight 
loss and malabsorption syndrome and may even affect the 
long-term outcome of allograft survival [3,4].[3]

Immunosuppressive regimens, especially mycophenolic acid 
(MPA), were thought of as the main cause of GI complications 
after kidney transplantation. MPA has 2 formulations – myco-
phenolate mofetil (MMF) and enteric sodium mycophenolate 
mofetil (EC-MPS) – both providing MPA as the principle ac-
tive ingredient.

According to conventional wisdom, MMF dose reduction should 
be the first intervention undertaken to relieve GI complica-
tions. However, studies have shown that reducing the MMF 
dose can increase the occurrence of acute rejection and kid-
ney transplant allograft failure [5,6]. Although some patients 
were already receiving a reduced MMF dose, the majority of 
them were still suffering from GI symptoms, and their GSRS 
scores did not differ from those patients receiving a full MMF 
dose [7]. Consequently, conversion from MMF to an equiva-
lent dose of EC-MPS has been used to manage patients with 
GI symptoms [8]. Recent data also suggest that switching 
from MMF to an equivalent dose of EC-MPS could be benefi-
cial and improve GI symptoms in recipients experiencing GI 
disorders [9,10]. However, no significant difference in long-
term improvement was found between patients taking MMF 
and those taking standard-dose EC-MPS [11].

Mizoribine (MZR) is a nucleoside analog that has been shown 
to selectively inhibit lymphocyte proliferation by inhibiting pu-
rine biosynthesis, thereby inhibiting humoral and cellular im-
munity [12,13]. MZR works similarly to MMF and can inhibit acute 
rejection of renal transplantation. Moreover, MZR is increasing-
ly used in kidney transplantation as a substitute for MMF be-
cause of its superiority in reducing cytomegalovirus (CMV) in-
fection [14] and its limited adverse effects, including infections 
or diarrhea. Therefore, conversion from MMF or EC-MPS to MZR 
seems to be an optimal management for MPA-associated GI com-
plications after renal transplantation. Nevertheless, the optimal 
dose of MZR has not yet been established. A low dose of MZR 
was shown to be less potent in immunosuppression, whereas 
hyperuricemia developed more frequently among patients who 
received high-dose MZR after kidney transplantation [15,16]. At 
present, there is no immunosuppressive protocol that can man-
age GI complications in transplant recipients. The Guidelines 
for Immunosuppressive Therapy in Chinese Kidney Transplant 
Patients (2016 edition) recommend that when a patient develops 

MPA-related gastrointestinal complications, MPA should be re-
duced or stopped, or MPA should be converted to MZR (2B). 
Therefore, our study aimed to assess a quadruple regimen, in-
cluding standard-dose tacrolimus, low-dose EC-MPS, low-dose 
MZR, and corticosteroids in renal transplant patients with GI 
disorders. We examined whether the new regimen can reduce 
the adverse effects of gastrointestinal complications while main-
taining efficacy and better tolerability.

Material and Methods

Study population

Between August 2016 and October 2018 in Qilu Hospital of 
Shandong University, 115 living donor kidney transplantation 
patients with MPA-related GI complications were enrolled in 
a single-center, prospective, randomized control study. None 
of these patients had a history of gastrointestinal disease be-
fore transplantation. Patient inclusion criteria were: (1) GI com-
plications were not attributable to infectious diseases such 
as bacteria or fungi; (2) kidney transplantation performed 
at least 1 month to 8 years before inclusion; (3) stable renal 
function; (4) immunosuppression before inclusion: tacrolimu
s+MMF+corticosteroid. The dosage of tacrolimus was 0.1 to 
0.15 mg/kg/day twice daily and corticosteroids 5–10 mg/day 
once daily. The dosage of MMF was 1.5 g/day twice daily. 
Patients were randomly assigned prior to initial enrollment 
by computer-generated selection to 3 groups: the low-dose 
EC-MPS plus low-dose MZR group, which received standard-
dose tacrolimus, low-dose EC-MPS, low-dose MZR, and corti-
costeroids; the low-dose EC-MPS group, which received stan-
dard-dose tacrolimus, low-dose EC-MPS, and corticosteroids; 
and the standard-dose MZR group, which received standard-
dose tacrolimus, standard-dose MZR, and corticosteroids.

They were observed for 1 year after initial enrollment. Patients 
gave their informed consent to be in the study, and the re-
search protocol was approved by the Ethics Committee of Qilu 
Hospital of Shandong University, China (2016 Qilu Hospital of 
Shandong University IRB Approval No. 2016041).

Immunosuppression

All patients received oral tacrolimus at a dosage of 0.1 to 
0.15 mg/kg/day twice daily and corticosteroids 5–10 mg/day 
once daily after initial enrollment. In the low-dose EC-MPS group 
and low-dose EC-MPS plus low-dose MZR group, EC-MPS was 
administered simultaneously with tacrolimus at a maintenance 
dosage of 0.36–0.72g/day, divided into 2 doses. In the stan-
dard-dose MZR group, MZR was administered at 200 mg/day 
twice daily. In the low-dose EC-MPS plus low-dose MZR group, 
MZR was administered at 100 mg/day twice daily.
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Assessment of the severity of GI complications

The severity of GI complications was assessed using the 
GSRS [17]. This questionnaire is a 15-item instrument de-
vised to evaluate symptoms related to usual GI complications. 
Questions are grouped into 5 main categories of symptoms 
(reflux, diarrhea, constipation, indigestion, and abdominal 
pain), each containing 3 questions. Answers are rated from 1 
to 7 on a scale of increasing severity. The mean rating of all 
15 questions represents the total score of the questionnaire, 
and the mean rating of the 3 questions of each group repre-
sents each group’s subscales. Higher scores represent higher 
symptom burden, which means more discomfort. GI symptoms 
scores (reflux, diarrhea, constipation, indigestion, and abdom-
inal pain) were evaluated at the time of enrollment (baseline) 
and after 3 months in all groups. To ensure unbiased respons-
es to the questionnaires, participants completed the self-ad-
ministered paper questionnaires prior to any clinical evalua-
tion or procedure.

Study parameters

Routine laboratory tests

At each follow-up visit (1 month, 2 months, 3 months, 6 months, 
9 months, and 12 months after enrollment), we analyzed se-
rum creatinine, trough levels of tacrolimus and MZR, the MPA 
area under the plasma concentration-time curve (AUC), graft 
rejection, uric acid concentration, proteinuria, HLA antibodies, 
and CMV and BKV infection; a positive result was defined when 
quantitative BKV DNA load was greater than 1.0×104 copies 
per milliliter, and CMV DNA load was greater than 1.0×103 cop-
ies per milliliter in plasma samples. We also assessed patient 
and graft survival. The eGFR was calculated using the Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion [18] at each visit.

Determination of MPA-AUC0–12 h

We used a limited number of timed samples (suitable for a 
typical clinic visit) and a multiple regression linear equation 
for predicting the actual MPA exposure. Blood samples (3 mL 
each) were taken from a forearm vein into heparin-containing 
tubes at 0.5, 2, 4, and 8 h after the morning dose of EC-MPS, 
and the samples were transferred directly to the analytical lab-
oratory for measurement of MPA levels within 24 h.

Graft biopsy

When serum creatinine levels were elevated, or if proteinuria 
was identified during the study, renal biopsies were occasion-
ally performed. The pathological criteria for graft rejection were 
based on the Banff classification 2015.

Donor-specific alloantibody

We assessed the presence of donor-specific alloantibody (DSA) 
when rejection or proteinuria occurred. Detection of HLA anti-
bodies was performed using HLA antibody testing using the 
Luminex method with LAB-Screen assays (One Lambda, Inc., 
Canoga Park, CA) in accordance with the manufacturer’s in-
structions. A graft kidney biopsy to diagnose chronic antibody-
mediated rejection was conducted in recipients with de novo 
DSA after informed consent was obtained.

This was a prospective, single-center, short-term study that 
met the ethics standards of the 2000 Declaration of Helsinki. 
We obtained informed consent from all patients before their 
inclusion in the research.

Statistical analyses

The main goal of our research was to evaluate the changes in 
GI symptom severity before and after intervention with differ-
ent 3 regimens (measured by GSRS score). The minimal clini-
cally relevant difference (MCRD) of the GSRS total score was 
presumed to be 0.36 score points. When combined with oth-
er study parameters such as graft rejection or eGFR, a sam-
ple size of 115 evaluable patients was calculated, assuming a 
standard deviation of 1.3 for the t test, an alpha level of 0.05, 
and a power of 90%.

Changes in the severity of GI disorders from baseline to 
month 3 within the 3 groups were tested using paired t tests. 
Differences in the severity of GI disorders among the 3 groups 
were tested using one-way analysis of variance (ANOVA). 
The Mann-Whitney U test was used for other continuous data. 
The categorical variables were analyzed by c2 or Fisher’s exact 
test. The results are expressed as the mean±standard devia-
tion (SD) or percentages. All statistical analyses were performed 
using the SPSS program (version 17.0; SPSS, Inc, Chicago, IL, 
USA). P<0.05 was considered significant.

Results

We prospectively included 115 patients between August 
2016 and October 2018, and 112 fulfilled the inclusion cri-
teria. Baseline patient characteristics of age, sex, causes of 
end-stage renal disease, time since transplant, and antigen 
mismatches were similar among the 3 groups and are sum-
marized in Table 1.
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Efficacy measurements

Changes in the GSRS score after patient enrollment

All the GI symptoms in our study presented after transplan-
tation. The most frequently reported GI symptoms before en-
rollment were diarrhea (80%), abdominal pain (75%), indiges-
tion (50%), constipation (42%), and reflux (40%). The results 
of changes in the GSRS score from baseline to month 3 in ev-
ery group of patients are shown in Figure 1. The GSRS total 

score in all of the patients at the beginning of the study (base-
line) was 2.88±0.99, and at month 3 the total GSRS score was 
1.98±0.81 (P<0.001). The mean scores improved significantly 
for diarrhea (P<0.001), abdominal pain (P<0.001), indiges-
tion (P<0.001), and reflux (P<0.001) in the low-dose EC-MPS 
group and low-dose EC-MPS plus low-dose MZR group be-
tween baseline and month 3 due to an improvement in the 
GSRS total score. We also observed that the mean scores im-
proved significantly for diarrhea (P<0.0001), abdominal pain 
(P<0.0001), indigestion (P<0.0001), and reflux (P<0.0001) in 

Low-dose 
EC-MPS* 
(N=37)

Standard-dose 
MZR** 
(N=39)

 Low-dose EC-MPS 
plus Low-dose MZR*** 

(N=36)
P value

Variable

Recipient age (y) 	 32.8±7.3 	 30.5±6.1 	 31.2±6.8 0.62

Sex (Male/Female), n 21/16 20/19 19/17 0.46

Systolic pressure (mmHg) 	 138.2±12.8 	 136.7±11.7 	 136.7±13.9 0.81

Diastolic pressure (mmHg) 	 85.9±7.7 	 86.1±6.3 	 86.1±5.9 0.36

Pre-transplant eGFR (mL/min) 	 8.5±1.3 	 9.7±1.1 	 7.7±1.5 0.24

Duration of dialysis before transplantation, (mo) 	 9.5±3.7 	 9.8±2.6 	 10.6±2.1 0.28

Cause of end-stage renal disease (%)

	 Chronic glomerulonephritis 51.5 51.8 50.6 0.55

	 Diabetic nephropathy 8.2 6.5 6.9 0.47

	 Hypertensive nephropathy 5.6 5.2 4.3 0.39

	 Polycystic kidney disease 1.5 0.8 1.6 0.31

	 Uncertain 33.2 35.7 36.6 0.57

Donor age (y) 	 50.7±3.5 	 48.9±7.1 	 49.1±6.3 0.50

Time since transplant (mo)

	 Mean±SD 	 16.2±15.1 	 13.8±12.5 	 15.6±13.9 0.39

	 Median 8.3 6.6 7.5 0.40

	 Range 	 1.2–98.6 	 1.6–96.7 	 1.3–95.9 0.08

Warm ischemia time (min) 	 2.68±0.89 	 3.16±1.39 	 2.27±1.21 0.08

Antigen mismatches – A, B, and DR (no.) 	 2.9±1.2 	 3.1±1.6 	 2.8±1.3 0.59

Baseline GSRS scores 	 2.87±1.12 	 3.04±0.92 	 2.83±0.93 0.43

Baseline eGFR (mL/min) 	 75±15.8 	 77±17.1 	 70±16.6

Baseline 24-h proteinuria (g/day) 	 0.17±0.07 	 0.21±0.05 	 0.19±0.08 

Table 1. Demographics and Characteristics of the patients.

* The low-dose EC-MPS group, which received standard-dose tacrolimus, low-dose EC-MPS, and corticosteroids;** the standard-dose 
MZR group, which received standard-dose tacrolimus, standard-dose MZR, and corticosteroids; *** the low-dose EC-MPS plus low-dose 
MZR group, which received standard-dose tacrolimus, low-dose EC-MPS, low-dose MZR, and corticosteroids. EC-MPS – enteric-coated 
mycophenolate sodium; MZR – mizoribine.
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the standard-dose MZR group between baseline and month 3. 
Analysis of changes in GSRS subscale scores from baseline to 
month 3 among the 3 groups is shown in Figure 2. Mean sub-
scale scores from baseline to month 3 were significantly re-
duced for diarrhea (P<0.001), abdominal pain (P<0.001), and 

indigestion (P<0.001) in the standard-dose MZR group com-
pared with the other 2 groups.

Graft rejection

All patients with clinically suspected graft rejection underwent 
a renal graft biopsy. The biopsy-proven graft rejection rates and 
Banff classification in each group after enrollment are shown 
in Table 2. There was a higher graft rejection rate in the low-
dose EC-MPS group and the standard-dose MZR group than 
in the low-dose EC-MPS plus low-dose MZR group (18.9% vs. 
8.3% and 20.5% vs. 8.3%; P<0.01). There were 5 Type 1b and 
5 Type 2a T cell-mediated acute rejections, 6 T cell-mediat-
ed chronic rejections, and 2 antibody-mediated rejections. 
For the occurrence time of graft rejection, there were 5 cases 
in the low-dose EC-MPS group and 6 cases in the standard-
dose MZR group who experienced rejection within the first 3 
months after enrollment.

Renal function evolution

The serum creatinine level and mean eGFR remained rela-
tively stable from baseline to 12 months after enrollment in 
the low-dose EC-MPS plus low-dose MZR group. Conversely, 
the serum creatinine level significantly increased in the low-
dose EC-MPS group and the standard-dose MZR group from 
month 1. A higher level was found in the 2 groups at 1, 2, 3, 
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Figure 1. �Changes in mean subscale GSRS scores from baseline to 3 months in every group. Higher scores indicate the more significant 
burden of symptoms (*** P<0.001). (A) Changes in the mean GSRS scores of patients in the low-dose EC-MPS group from 
baseline to 3 months. (B) Changes in the mean GSRS scores of patients in the standard-dose MZR group from baseline to 3 
months (**** P<0.0001). (C) Changes in the mean GSRS scores of patients in the low-dose EC-MPS plus low-dose MZR group 
from baseline to 3 months (*** P<0.001).
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Figure 2. �Changes in mean subscale GSRS scores from baseline 
to 3 months among the 3 groups. Significant 
reductions in mean subscale scores from baseline 
to 3 months was found for diarrhea (*** P<0.001), 
abdominal pain (*** P<0.001), and indigestion 
(*** P<0.001) in the standard-dose MZR group 
compared with the other 2 groups. Values shown 
are mean reductions of GSRS scores from baseline to 
month 3 of each group.
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months after enrollment compared with the low-dose EC-
MPS plus low-dose MZR group (P<0.01; Figure 3A). The eGFR 
did not change significantly in the low-dose EC-MPS plus low-
dose MZR group, while it significantly decreased in the oth-
er 2 groups. At 1, 2, 3, months, there was a significant differ-
ence in the eGFR between the low-dose EC-MPS plus low-dose 
MZR group and the other 2 groups (P<0.01; Figure 3B). There 
was a slightly higher serum creatinine level and lower eGFR in 
the low-dose EC-MPS group and standard-dose MZR group at 
6, 9, and 12 months compared to the low-dose EC-MPS plus 
low-dose MZR group, although this difference was not statis-
tically significant.

We also assessed the quantity of urine protein at month 12 to 
further evaluate the renal function of patients, showing that 
24-h proteinuria increased significantly in the low-dose EC-MPS 
group and standard-dose MZR group compared to the low-
dose EC-MPS plus low-dose MZR group (0.68±0.76 g/day vs. 
0.18±0.39 g/day; 0.73±0.69 g/day vs. 0.18±0.39 g/day; P<0.01; 
Figure 3C). Consistent with this, the percentage of patients with 
proteinuria was higher in the low-dose EC-MPS group and stan-
dard-dose MZR group than in the low-dose EC-MPS plus low-
dose MZR group (16% vs. 5%; 19% vs. 5%; P<0.01; Figure 3D). 
We also analyzed graft biopsy findings among 13 transplant 
recipients with proteinuria >150 mg/day. Transplant glomer-
ulopathy was the most common finding (6 cases), followed 
by IgA nephropathy (3 cases), chronic rejection (2 cases), and 

acute rejection (2 cases). Figure 4 lists 2 examples of graft bi-
opsy in patients with proteinuria or graft rejection.

Survival

At 12 months after initial enrollment, the survival rate of pa-
tients or grafts in each group was 100%, and no difference 
was found among the 3 groups.

Safety evaluation

Adverse effects in patients

Table 3 lists the most common adverse events during the 
study. CMV infection was significantly higher in the low-dose 
EC-MPS group (7 cases; 18.9%), whereas it was less frequent 
in the standard-dose MZR group and low-dose EC-MPS plus 
low-dose MZR group (18.9% vs. 7.6%; 18.9% vs. 5.5%, respec-
tively, P<0.01). The frequency of BKV infection in the low-dose 
EC-MPS group was also higher than in the standard-dose 
MZR group and low-dose EC-MPS plus low-dose MZR group 
(16.2% vs. 5.1% and 16.2% vs. 5.5%; P<0.01). The incidence 
of hyperuricemia was significantly different between the stan-
dard-dose MZR group and the other 2 groups. Eleven patients 
had hyperuricemia in the standard-dose MZR group (28.2%), 
and 3 cases occurred in the low-dose EC-MPS group (8.1%). 
Four cases occurred in the low-dose EC-MPS plus low-dose 

Low-dose 
EC-MPS* 
(N=37)

Standard-dose 
MZR** 
(N=39)

 Low-dose EC-MPS plus 
Low-dose MZR*** 

(N=36)

Rates of graft rejection 7 (18.9%) 8 (20.5%) 3 (8.3%)

Rejection classification

	 T cell-mediated acute rejection

		  Type 1b 2 2 1

		  Type 2a 3 2

	 T cell-mediated chronic rejection 1 3 2

	 Antibody-mediated rejection 1 1

Time of graft rejection episodes

	 Day 0–90 5 6

	 Day 90–180 1 1 2

	 Day 180–365 1 1 1

Table 2. Biopsy-proven graft rejection of patients during the study.

* The low-dose EC-MPS group, which received standard-dose tacrolimus, low-dose EC-MPS, and corticosteroids; ** The standard-dose 
MZR group, which received standard-dose tacrolimus, standard-dose MZR, and corticosteroids; *** The low-dose EC-MPS plus low-dose 
MZR group, which received standard-dose tacrolimus, low-dose EC-MPS, low-dose MZR, and corticosteroids. EC-MPS – enteric-coated 
mycophenolate sodium; MZR – mizoribine.
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MZR group (11.1%). No significant differences were found in 
the incidence of other adverse events, such as fungal infec-
tion, pneumonia, anemia, hyperglycemia, and hypertension.

Mean trough levels of immunosuppression

Table 4 shows the trough levels of the immunosuppressant 
during the study. The tacrolimus trough levels of each group 
were all maintained at 5–10 ng/ml during the study. No sig-
nificant difference in MPA AUC was found between the low-
dose EC-MPS plus low-dose MZR group and the low-dose 
EC-MPS group. The trough level of MZR in the standard-dose 
MZR group was significantly higher than that in the low-dose 
EC-MPS plus low-dose MZR group (P<0.01).

Incidence of HLA antibodies

We assessed the presence of HLA antibodies when protein-
uria or rejection occurred. Nine cases showed HLA antibod-
ies. Among them, 2 patients showed DSA for the HLA antigen. 
Table 5 lists the incidence of HLA antibodies in each group.

Discussion

To the best of our knowledge, it is the first research to dem-
onstrate that MPA-related GI symptoms in kidney transplant 
patients can be relieved after switching to the quadruple reg-
imen, including standard-dose tacrolimus, low-dose EC-MPS, 
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Figure 3. �Serial follow-up of renal function in the 3 groups. (A) The serum creatinine level greatly increased in the low-dose EC-MPS 
group and the standard-dose MZR group from month 1. A higher level was found in the 2 groups at 1, 2, and 3 months 
compared with the low-dose EC-MPS plus low-dose MZR group (F [1.143, 6.861]=5.039, * P < 0.05). (B) The eGFR did not 
change greatly in the low-dose EC-MPS plus low-dose MZR group, while it gradually decreased in the other 2 groups. At 
1, 2, and 3 months, there was also a significant difference in the eGFR between the low-dose EC-MPS plus low-dose MZR 
group and the other 2 groups (F [1.207, 7.45]=5.429, * P < 0.05). (C) 24-h proteinuria was higher in the low-dose EC-MPS 
group and standard-dose MZR group compared to the low-dose EC-MPS plus low-dose MZR group (0.68±0.76 g/day vs. 
0.18±0.39 g/day; 0.73±0.69 g/day vs. 0.18±0.39 g/day; ** P<0.01). (D) Protein excretion rate in month 12 was higher in the 
low-dose EC-MPS group and standard-dose MZR group than in the low-dose EC-MPS plus low-dose MZR group (16% vs. 5%; 
19% vs. 5%; ** P<0.01).
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low-dose MZR, and corticosteroids. In addition, the quadruple 
regimen was associated with a satisfactory immunosuppres-
sive effect and with better kidney function and a lower inci-
dence of adverse effects compared with the 2 conventional tri-
ple regimens in kidney transplant recipients with GI disorders.

Tacrolimus, MMF, and corticosteroids are the initial, classical 
maintenance immunosuppressive medications after kidney 
transplantation [19]. However, there was a higher frequen-
cy of GI symptoms in patients treated with this protocol [3]. 
MMF plays a major role in the occurrence of GI symptoms. 
Therefore, strategies, including MMF dose reduction and the 
conversion of MMF to EC-MPS or MZR, have been advised to 
alleviate the MPA-related GI symptoms. Although these mea-
sures may help alleviate GI symptoms, new problems can arise, 
such as inadequate immunosuppression or serious adverse ef-
fects [6,20]. In our research, we considered that reducing the 
doses of EC-MPS would alleviate gastrointestinal symptoms 
caused by MPA. At the same time, we were concerned that a 
reduction in the doses of EC-MPS would lead to insufficient im-
munosuppression. Therefore, we added low-dose MZR to the 
quadruple regimen. We also wanted to assess whether MZR 
could replace EC-MPS in kidney transplant patients with MPA-
related GI symptoms. Thus, we chose standard-dose MZR in-
stead of EC-MPS in one triple regimen.

Our study has shown that both the total GSRS score and the 
mean GSRS score in the quadruple regimen and 2 conventional 
triple regimens were improved compared with the baseline. 
We think the main reason for this improvement in GI symp-
toms is associated with the type and dose of immunosuppres-
sants in our protocols. Previous research has demonstrated 
that a reduction or discontinuation of MMF dosage is related 
to an increased risk of allograft failure [4,6,21]. Therefore, we 
chose EC-MPS or MZR as the antiproliferative agent in our im-
munosuppressant protocols. Our results have also shown that 
MMF conversion to low-dose EC-MPS, standard-dose MZR, or 
low-dose EC-MPS plus low-dose MZR are all beneficial in re-
ducing MPA-associated GI complications. Further, we com-
pared changes in GSRS subscale scores difference among the 
3 groups. Our results showed that the reductions in mean sub-
scale scores from baseline to month 3 were significant for di-
arrhea, abdominal pain, and indigestion in the standard-dose 
MZR group compared with the other 2 groups. These results 
demonstrated MZR can be more beneficial in reducing MPA-
associated GI complications compared with EC-MPS.

In our study, the rates of graft rejection in the low-dose EC-
MPS plus low-dose MZR group were lower than in the other 2 
groups. Furthermore, in the low-dose EC-MPS group and stan-
dard-dose MZR group, graft rejection mainly occurred of with-
in the first 3 months after enrollment. Our study demonstrated 

A B

Figure 4. �Two examples of graft biopsy in patients with proteinuria or graft rejection. (A) T cell-mediated acute rejection (Banff Ia) in 
a 27-year-old female who suffered from increased serum creatinine. In addition to moderate tubulitis and tubule atrophy, 
significant interstitial inflammation was observed (arrow). An interstitial arterial wall thickened with hyaline degeneration 
was also present. (B) Recurrent IgA nephropathy in a 36-year-old male who suffered from proteinuria. Mild glomerular 
mesangium diffuse proliferation with moderate mesangial matrix increase. The formation of the crescent was found in a 
glomerulus of fibrosis (arrow). Moderate grade (2+) mesangial IgA deposition was observed (data not shown), confirming the 
diagnosis of recurrent IgA nephropathy.
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that low-dose EC-MPS and standard-dose MZR did not pro-
vide adequate immunosuppression in the conventional triple 
regimen groups. Therefore, the rates of graft rejection in the 
low-dose EC-MPS group and standard-dose MZR group were 
very high. However, the frequency of graft rejection in the low-
dose EC-MPS plus low-dose MZR group was significantly low-
er than in the other 2 groups. As a result, the combination of 
low-dose EC-MPS and low-dose MZR can compensate for the 
relatively less potent immunosuppressive effect of each, and 
thereby adequately prevent graft rejection.

We compared the renal function among the 3 groups during 
the observation. There was an increase in creatinine level and 
a decreased of eGFR in the low-dose EC-MPS group and stan-
dard-dose MZR group from 1 month to 3 months after enroll-
ment, with a significant difference observed compared with 
the low-dose EC-MPS plus low-dose MZR group. Protocol bi-
opsies during this period were not performed. However, our 
occasional kidney graft biopsy findings indicate that the wors-
ening of graft function that occurred in this period may have 
been related to the high rates and occurrence time of graft 

rejection in the 2 triple regimen groups. A slightly higher se-
rum creatinine level and lower eGFR were be observed in the 
2 triple regimen groups from 6 months to 12 months. This dif-
ference, although not statistically significant, might be clini-
cally relevant in the long term.

Proteinuria is common in patients after kidney transplant. Early 
occurrence of proteinuria is a high-risk factor for patients re-
ceiving a calcineurin inhibitor-based immunosuppressive reg-
imen [22]. Other studies have suggested that post-transplant 
proteinuria is related to poor graft survival [23–25]. To fur-
ther evaluate renal function, we assessed urine protein quan-
tity at month 12. The results show that proteinuria was pres-
ent in nearly 20% of the patients in the low-dose EC-MPS and 
standard-dose MZR groups at 12 months but in only 5% of 
patients in the low-dose EC-MPS plus low-dose MZR group. 
The 24-h proteinuria was also higher in the low-dose EC-MPS 
group and standard-dose MZR group compared to the low-
dose EC-MPS plus low-dose MZR group.

Low-dose 
EC-MPS* 
(N=37)

Standard-dose 
MZR** 
(N=39)

 Low-dose EC-MPS plus 
Low-dose MZR*** 

(N=36)
P value

Opportunistic infection

	 Cytomegalovirus 	 7	 (18.9%) 	 3	 (7.6%) 	 2	 (5.5%) <0.01

	 BK virus 	 6	 (16.2%) 	 2	 (5.1%) 	 2	 (5.5%) <0.01

	 Fungal infection 	 2	 (5.4%) 	 1	 (2.5%) 	 1	 (2.7%) 0.19

Other infection

	 Pneumonia 	 1	 (2.7%) 	 2	 (5.1%) 	 1	 (2.7%) 0.18

	 Upper respiratory tract infection 	 3	 (8.1%) 	 2	 (5.1%) 	 2	 (5.5%) 0.17

Blood system

	 Anemia 	 1	 (2.7%) 	 3	 (7.6%) 	 1	 (2.7%) 0.16

Metabolism system

	 Hyperglycemia 	 3	 (8.1%) 	 2	 (5.1%) 	 2	 (5.5%) 0.23

	 Hyperlipidemia 	 5	 (13.5%) 	 5	 (12.8%) 	 6	 (16.6%) 0.38

	 Hypertension 	 6	 (16.2%) 	 6	 (15.3%) 	 7	 (19.4%) 0.35

	 Hyperuricemia 	 3	 (8.1%) 	 11	 (28.2%) 	 4	 (11.1%) <0.01

	 Hypokalemia 	 2	 (5.4%) 	 1	 (2.5%) 	 1	 (2.7%) 0.19

Table 3. Other adverse effects in patients during the study.

* The low-dose EC-MPS group, which received standard-dose tacrolimus, low-dose EC-MPS, and corticosteroids; ** The standard-dose 
MZR group, which received standard-dose tacrolimus, standard-dose MZR, and corticosteroids; *** The low-dose EC-MPS plus low-dose 
MZR group, which received standard-dose tacrolimus, low-dose EC-MPS, low-dose MZR, and corticosteroids. EC-MPS – enteric-coated 
mycophenolate sodium; MZR – mizoribine.
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Low-dose EC-MPS* Standard-dose MZR**  Low-dose EC-MPS plus 
Low-dose MZR***

HLA antibody 3 5 1

Non-donor-specific antibody 2 4 1

Donor-specific antibody 1 1

Table 5. Incidence of HLA antibodies in the patients with rejection or proteinuria.

* The low-dose EC-MPS group, which received standard-dose tacrolimus, low-dose EC-MPS, and corticosteroids; ** The standard-dose 
MZR group, which received standard-dose tacrolimus, standard-dose MZR, and corticosteroids; *** The low-dose EC-MPS plus low-dose 
MZR group, which received standard-dose tacrolimus, low-dose EC-MPS, low-dose MZR, and corticosteroids. EC-MPS – enteric-coated 
mycophenolate sodium; MZR – mizoribine.

Tacrolimus (ng/ml) MPA AUC0–12 h (mg·h/L) MZR (ng/ml)

Low-dose EC-MPS*
(N=37)

Baseline 7.73±1.87 52.56±13.71

Month 1 7.32±1.59 25.12±11.15

Month 2 8.22±2.06 23.37±10.38

Month 3 7.83±1.78 25.66±9.89

Month 6 7.37±2.27 21.86±10.17

Month 9 8.21±2.01 22.71±11.89

Month 12 7.67±1.98 21.98±9.95

Standard-dose MZR**
(N=39)

Baseline 7.12±1.76

Month 1 6.66±2.16 2.12±0.50#

Month 2 7.13±1.80 2.75±0.37#

Month 3 6.92±2.09 2.51±0.46#

Month 6 8.28±1.98 2.35±0.43#

Month 9 7.67±2.39 2.62±0.32#

Month 12 8.36±1.59 2.59±0.40#

Low-dose EC-MPS plus 
Low-dose MZR***
(N=36)

Baseline 6.86±1.98 55.79±12.87

Month 1 7.93±1.91 22.89±10.26 0.78±0.39

Month 2 7.92±2.56 25.66±12.01 0.96±0.29

Month 3 7.61±2.11 23.19±9.56 0.86±0.50

Month 6 7.81±1.98 25.01±11.53 0.73±0.46

Month 9 7.18±2.12 20.23±9.56 0.70±0.39

Month 12 7.22±2.26 23.99±10.28 0.83±0.35

Table 4. Trough levels of tacrolimus and MZR, as well as MPA AUC, in the 3 groups.

* The low-dose EC-MPS group, which received standard-dose tacrolimus, low-dose EC-MPS, and corticosteroids; ** The standard-dose 
MZR group, which received standard-dose tacrolimus, standard-dose MZR, and corticosteroids; *** The low-dose EC-MPS plus low-dose 
MZR group, which received standard-dose tacrolimus, low-dose EC-MPS, low-dose MZR, and corticosteroids. EC-MPS – enteric-coated 
mycophenolate sodium; MZR – mizoribine; MPA – mycophenolic acid. AUC – area under the concentration-time curve from time zero 
to 12 h. # P<0.01 between the standard-dose MZR and low-dose EC-MPS plus low-dose MZR groups.
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Furthermore, the most common graft biopsy findings of these 
patients with proteinuria were de novo glomerular or recurrent 
disease. Therefore, the occurrence of proteinuria may be asso-
ciated with inadequate immunosuppression. Compared with 
the low-dose EC-MPS group and standard-dose MZR group, 
the low-dose EC-MPS plus low-dose MZR group had a lower 
incidence of proteinuria. We think this is also related to the 
adequate immunosuppression effect in the low-dose EC-MPS 
plus low-dose MZR group. Since proteinuria after renal trans-
plantation is associated with poor graft survival, we think the 
immunosuppressant protocols in the low-dose EC-MPS plus 
low-dose MZR group had an advantage in protecting the re-
nal function over the other 2 groups, and thus might help pro-
long graft survival.

Viral infection is a serious problem in kidney transplant re-
cipients, and patients may suffer from severe manifestations 
of this infection along with the increased risk of death. MMF 
is thought to be related to CMV and BKV infection. However, 
many studies have shown that MZR has inhibitory effects on 
the replication of some DNA and RNA viruses, including CMV, 
respiratory syncytial virus, bovine viral diarrhea virus, and in-
fluenza virus [26–29]. Kuramoto et al. reported that the antivi-
ral mechanism of MZR might be related to its chemical struc-
ture being similar to ribavirin, a well-known broad-spectrum 
antiviral agent [30]. In our study, the frequency of CMV and 
BKV infection was significantly lower in the standard-dose MZR 
group and low-dose EC-MPS plus low-dose MZR group com-
pared with the low-dose EC-MPS group. This result suggests 
that standard-dose or low-dose MZR can inhibit CMV and BKV 
infection. Therefore, this is an important consideration factor 
in selecting an ideal immunosuppressive agent.

Hyperuricemia is common in kidney transplant patients receiv-
ing high-dose MZR (6 mg/kg), and it can lead to acute kidney 
failure [14,31,32]. Therefore, we did not use a high dosage of 
MZR in our study design. Our study still showed that hyperuri-
cemia developed more frequently in the standard-dose MZR 
group compared with the low-dose EC-MPS group and low-dose 
EC-MPS plus low-dose MZR group. However, no significant dif-
ference was found between the low-dose EC-MPS group and 
low-dose EC-MPS plus low-dose MZR group. We used EC-MPS 
instead of MZR in the low-dose EC-MPS group, which can ex-
plain the low incidence of hyperuricemia in the low-dose EC-
MPS group. We think the differences in the occurrence of hy-
peruricemia between the standard-dose MZR group and the 
low-dose EC-MPS plus low-dose MZR group is related to the 
dosage of MZR. Decreasing the dose of MZR may reduce the 
occurrence of hyperuricemia risk. Moreover, the combina-
tion of low-dose MZR and low-dose EC-MPS did not increase 
the incidence of hyperuricemia. No significant difference was 
found in the rate of other adverse events among the 3 groups.

In our study, the drug concentration of the immunosuppres-
sive agents was assessed. The tacrolimus trough levels of 
each group were within the target range (5–10 ng/mL) dur-
ing the entire study period. The MPA AUC of the low-dose EC-
MPS group and low-dose EC-MPS plus low-dose MZR group 
maintained a relatively lower level of about 20 mg·h/L. Studies 
showed that the target range of MPA after renal transplan-
tation is 30–60 mg·h/L [33]. It is obvious that the mean AUC 
of MPA in the low-dose EC-MPS group and low-dose EC-MPS 
plus low-dose MZR group did not achieve targeted therapeu-
tic concentrations because of the low dose of EC-MPS in the 
protocol. However, the patients in the low-dose EC-MPS plus 
low-dose MZR group had lower graft rejection rates and bet-
ter renal function compared to the low-dose EC-MPS group. 
These results indicate that the low-dose MZR can compen-
sate for the reduced immunosuppressive effect of MPA in the 
low-dose EC-MPS.

Owing to the different dosages of MZR in the standard-dose 
MZR group and low-dose EC-MPS plus low-dose MZR group, 
the trough level of mizoribine in the standard-dose MZR group 
was higher than in the low-dose EC-MPS plus low-dose MZR 
group. Although the trough level of MZR in the low-dose EC-
MPS plus low-dose MZR group was lower, the patients still had 
a lower graft rejection rate and better renal function compared 
to the standard-dose MZR group, probably because the com-
bination of low-dose EC-MPS and low-dose MZR can compen-
sate for the relatively less potent immunosuppressive effect of 
each, and is adequate for preventing graft rejection.

We also assessed the presence of HLA antibodies when re-
jection or proteinuria occurred. Nine cases exhibited the HLA 
antibody. Among them, 2 patients exhibited a DSA for the 
HLA antigen. Our data have shown that there were more HLA 
antibody-positive cases in the low-dose EC-MPS group and 
the standard-dose MZR group. The DSA was not found in the 
low-dose EC-MPS plus low-dose MZR group. Our previous study 
showed that the HLA antibody and proteinuria are both asso-
ciated with poor 5-year graft survival [34]. Therefore, the qua-
druple regimen may be beneficial for inhibiting the production 
of antibodies and prolonging graft survival.

This study had some limitations. Firstly, this was a short-term 
study of patients at our hospital. Secondly, given that the re-
search was conducted at a single hospital, the patient char-
acteristics may be biased. However, the patients we studied 
had similar baseline characteristics. Therefore, these research 
findings might apply to larger populations. Due to these limi-
tations, in future research, we plan to enlarge the sample size 
and extend the follow-up time to evaluate the long-term ben-
efits of this quadruple regimen to kidney transplant patients 
with GI complications.
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Conclusions

In our research involving kidney transplant recipients expe-
riencing MPA-induced GI symptoms, therapy for 12 months 
with a quadruple regimen including standard-dose tacrolimus, 
low-dose EC-MPS, low-dose MZR, and corticosteroids not only 
provided improved GI symptom burden, but also showed 
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