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Does Calcineurin Inhibitor Plus Mycophenolate Mofetil Combination Therapy
Decrease the Risk of Late Acute Rejection after Liver Transplantation?
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Background: With advances in immunosuppression, graft and patient survival rates have increased significantly, but acute
cellular rejection remains an important problem following liver transplantation (LT), and late acute rejection (LAR) occurs
in a small percentage of recipients. Some risk factors for LAR have been identified, yet the cause of LAR has not been
completely investigated. The efficacy of mycophenolate mofetil (MMF) administered in combination with calcineurin inhibitor
(CNI) for reduction of LAR has been demonstrated.

Methods: Between January 2006 and August 2007, adult LT recipients (n=309) were enrolled in this study. Biopsy-proven acute
rejection that occurred >6 months after LT was defined as LAR. The immunosuppression regimens, CNI or CNI plus MMF,
were used continuously for at least 6 months after LT. The mean follow-up period was 34.8 months (range, 25~46 months).

Results: LAR occurred in 17 cases (5.5%). The incidence of LAR in the CNI (n=138) or CNI plus MMF groups (n=171) was 8.6%
(n=12) and 2.9% (n=5), respectively (£=0.015). Multivariate Cox regression confirmed that CNI plus MMF versus CNI therapy
is associated with a decreased risk of LAR (relative risk, 0.33; P=0.04).

Conclusions: The incidence of LAR in the CNI plus MMF group was significantly lower than the CNI group. Thus, continuous
use of CNI plus MMF may represent a better immunosuppression regimen to decrease the rate of LAR in LT recipients.
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Table 1. Target trough levels of calcineurin inhibitors of our center

Postoperative time Tacrolimus Cyclosporine
(months) (ng/mL) (ug/mL)
1 15~16 150~ 180
9~11 100~120
12 6~8 80~ 100
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Table 2. Baseline clinical characteristics

CNI CNI+ MMF

Variable ) ) P
Recipient age <50 71 95 0.493
=50 67 76
Cause of viral 122 139 0.114
liver disease non-viral 16 32
Donor age <30 89 114 0.714
>30 47 54
Recipient sex F 44 51 0.711
M 94 120
Donor sex F 43 57 0.715
M 95 114
Donor type deceased 8 13 0.651
living 130 158
MELD <10 31 28 0.21
11~20 81 68
>21 32 69
UNOS 1 3 13 0.17
2a 13 32
2b 15 27
3 105 101
GRWR <0.8 51 20 0.15
0.8~0.99 34 38
>1.0 65 101
Infection No 130 164 0.59
Yes 8 7

Abbreviations: CNI, calcineurin inhibitor; MMF, mycophenolate
mofetil; MELD, model for end stage liver disease; UNOS, United
Network for Organ Sharing; GRWR, graft-recipient weight ratio,

B LAR

1 HBV

I HBV (HCC)
B HCV

Il Fulminant (toxic)
w1 Crytogenic LC

Fig. 1. Etiology of liver disease. (A) Patients without late acute rejection (LAR). (B) Patients with LAR.
Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LC, liver cirrhosis; PBC, primary biliary

cirrhosis.
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Table 3. Immunosuppression levels at the time of 1, 6, 12 months follow-ups after liver transplantation

IS group Months

CNI FK (ng/mL) 1
(mean)

12

CSA (ug/mL) 1
(mean)

12

CNI+MMF FK/MMF (ug/mL) 1
(mean)

12

CSA/MMF (ug/mL) 1
(mean)

12

No LAR LAR P
18.2 18 0.91
9.3 11.8 0.02
7.6 11.4 0.01
143 186 0.4
97 165 0.89

91 125 0.2
14.9/0.8 15.2/0.9 0.74
7.9/1.4 4.3/1.7 0.41
7.1/1.2 4,4/0.4 0.41
186/1 189/0.8 0.98
105/0.8 88/2.8 0.57
94/1 65/2.7 0.45

Abbreviations: IS, Immunosuppression; LAR, late acute rejection; CNI, calcineurin inhibitor; FK, Tacrolimus; CSA, Cyclosporin; MMF, myco-

phenolate mofetil.

Table 4. Comparison of CNI trough level in No late acute re-
jection group

No LAR
Months P
CNI CNI+ MMF

FK (ng/mL) 1 18.2 14.9 0.04
(mean) 6 9.3 7.9 0.02
12 7.6 7.1 0.65

CSA (ug/mL) 1 143 186 0.36
(mean) 6 97 105 0.69
12 91 94 0.88

Abbreviations: LAR, late acute rejection; CNI, calcineurin inhibitor;
MMF, mycophenolate mofetil; FK, Tacrolimus; CSA, Cyclosporin,
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(Hazard ratio, 0.33; range, 0.11~0,96; P=0.04) (Table 5).
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Table 5. Relative risk of LAR-free survival with Cox proportional hazard model (Univariate analyses of demographic characteristics)

Variable No LAR (n) LAR (n)
IS group CNI 126 12
CNI+ MMF 166 5
Recipient age <50 156 10
=50 136 7
Cause of disease Viral 247 14
Non-viral 45 3
Donor age <30 192 11
=30 95 6
Recipient sex F 87 8
M 205 9
Donor sex F 95 5
M 197 12
Donor Deceased 19 2
Living 273 15
MELD <10 61 3
11~20 152 8
>21 79 6
UNOS 1 20 1
2a 60 2
2b 50 5
3 162 8
GRWR <0.8 61 5
0.8~0.99 64 3
=10 165 7
Infection No 281 15
Yes 11 2

HR HR95%CI P

0.33 0.11~0.96 0.04
0.81 0.30~2.13 0.67
1.19 0.34~4.14 0.78
1.07 0.39~2.91 0.88
2.04 0.79~5.31 0.13
0.87 0.30~2.48 0.81
0.5 0.11~2.21 0.36
1.74 0.76~3.99 0.18
0.83 0.51~1.35 0.45
1.19 0.34~4.14 0.78
321 0.73~14.1 0.12

Abbreviations: LAR, late acute rejection; HR, hazard ratio; CI, confidence interval; IS, Immunosuppression; CNI, calcineurin inhibitor;
MMF, mycophenolate mofetil; MELD, model for end stage liver disease; UNOS, United Network for Organ Sharing; GRWR, graft-recipient

weight ratio,

Table 6. Complication before and after late acute rejection

Complication (n)
after LAR

Complication (n)
before LAR

Bile duct problem (3)
HCC recurrence (1)
HBV recurrence (1)
Pneumonia (2)

Bile duct problem (3)
Chronic rejection (1) — death (1)
Sepsis (2) — death (2)

Abbreviations: LAR, late acute rejection; HCC, hepatocellular carci-
noma; HBV, hepatitis B virus.
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Fig. 2. Kaplan-Meier analysis. (A) LAR-free survival rate between CNI and CNI+MMF group (log-rank test; £=0.042). (B) Overall survival

rate between LAR and No LAR group (log-rank test; P=0.0023).

Abbreviations: LAR, late acute rejection; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil.
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