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Purpose: There is controversy concerning the effect of a positive T-lymphocytotoxic crossmatch (TLC) on clinical outcomes in 
adult living donor liver transplantation (LDLT). The aim of this study was to investigate the effect of TLC on clinical out-
comes in LDLT and to determine how long a pretransplant positive TLC continues after liver transplantation (LT). Methods: 
Between January 2005 and June 2010, 219 patients underwent adult LDLT at National Cancer Center. The TLC test was rou-
tinely performed before LDLT. TLC test results were positive in 8 patients (3.7%). Patients were divided into 2 groups accord-
ing to the result of TLC: positive TLC (n = 8) and negative TLC (n = 211) groups. All patients with a pretransplant positive 
TLC (n = 6) underwent a TLC test every week until negative conversion of TLC, except 2 patients who refused to receive the 
TLC test. Results: Acute cellular rejection, surgical complications and patient or graft survival were not significantly different 
between both groups. All patients with a positive TLC (n = 6) had a posttransplant negative TLC. The median time to neg-
ative conversion of TLC was 1.5 weeks (range, 1 to 3 weeks). Conclusion: A pretransplant positive TLC does not affect clinical 
outcomes in adult LDLT. Moreover, T-lymphocytotoxic cross-reactivity disappeared within 3 weeks (range, 1 to 3 weeks) af-
ter LT.
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INTRODUCTION

The clinical effect of a pretransplant positive T-lympho-
cytotoxic crossmatch (TLC) in the prediction of liver trans-

plantation (LT) outcome is controversial [1]. LT is often 
performed before the results of crossmatch testing be-
tween the donor and recipient can be obtained. In many 
cases, a pretransplant positive TLC between a recipient 
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and donor is shown subsequent to LT because of time 
constraints. Nevertheless, hyperacute rejection rarely oc-
curs in patients with a pretransplant positive TLC [2].

There are several studies of clinical outcomes in patients 
with positive crossmatch grafts. Some studies have re-
ported that the presence of pretransplant lymphocyto-
toxic antidonor antibodies is not a prognostic factor in de-
ceased donor liver transplantation (DDLT) [3,4]. However, 
more recent studies have contradicted these findings, 
showing higher acute or chronic rejection rates and wor-
sening graft survival in patients who have a positive TLC 
[5-10]. The detrimental effects of a pretransplant positive 
TLC on patient and graft survival have also been empha-
sized in other studies of DDLT [1,2,6,11-15]. 

Recently, adult living donor liver transplantation (LDLT) 
has been widely performed because of the shortage of de-
ceased donors. Similar to DDLT, there is controversy con-
cerning the effect of a pretransplant positive TLC on clin-
ical outcomes in LDLT. Even though there have been many 
studies on the effect of a pretransplant positive TLC, there 
have been few studies on the effect of a positive TLC after 
LT. Moreover, to the best of our knowledge, there has been 
no study on how long pretransplant positive TLC con-
tinues after LT.

The aim of this study was to investigate the effect of TLC 
on clinical outcome in LDLT and to determine how long 
pretransplant positive TLC continues after LT.

METHODS

Donors and recipients
LT was performed on a total of 230 patients at the 

National Cancer Center, Korea, between January 2005 and 
June 2010. Of these patients, 11 were excluded from this 
study due to DDLT. The remaining 219 patients were en-
rolled in the study (171 males, 48 females; median age, 53 
years; range, 25 to 70 years). The donors were 134 men and 
85 women with a median age of 35 years (range, 17 to 66 
years). All donors had ABO blood types compatible or 
identical with the recipients. One hundred ninety-nine do-
nors were related to the recipients and 20 donors were un-
related to the recipients. One hundred ninety-nine donors 

were selected among relatives within the third degree of 
consanguinity or were spouses. The relations of the do-
nors to the patients were 127 children, 19 siblings, 1 parent, 
32 spouses, 8 nephews and others (2 brothers-in-law, 2 sis-
ters-in-law, 8 cousins, and 20 unrelated donors). The types 
of surgery for donors were 198 right hemihepatectomies, 
11 extended right hemihepatectomies, 1 extended left 
hemihepatectomy, 1 left hemihepatectomy. Only 1 patient 
received auxiliary partial orthotopic LT. In accordance 
with the Declaration of Helsinki recommendations, ap-
proval was obtained from the institutional review board at 
the National Cancer Center, and informed consent was 
provided to all recipients and donors.

Immunosuppression
Before June 2008 or after April 2010, a double (predniso-

lone and tacrolimus) or a triple (prednisolone, tacrolimus 
and mycophenolate mofetil) combination regimen was 
used. Prednisolone was tapered and stopped within 6 
months of LT. Between June 2008 and March 2010, early 
steroid withdrawal regimen was used. Combined with ba-
siliximab induction, prednisolone was tapered rapidly 
within 6 days after LT. Tacrolimus with or without myco-
phenolate mofetil was maintained thereafter. Mycopheno-
late mofetil was discontinued within 6 months. 

Acute cellular rejection
Acute cellular rejection (ACR) was defined as a biopsy- 

proven episode [16] and was graded according to the Banff 
schema [17]. The indication for liver biopsy was a significant 
increase in the levels of total bilirubin, aspartate and alanine 
aminotransferase. The defining limit was 6 weeks [18]. An 
acute rejection episode was treated with bolus intravenous 
methylprednisolone, regardless of the severity at a start-
ing dose of 20 mg/kg/day. The dose was reduced by half 
per day, and the therapy was continued for 5 days. High- 
dose methylprednisolone therapy was given 1 or 3 times. 
There was no case of steroid resistant cellular rejection.

T-lymphocytotoxic crossmatch test
Complement-dependent-cytotoxicity and flow cytome-

try were performed preoperatively in all cases. The lym-
phocytotoxic crossmatch test was performed according to 
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Table 1. Comparison of demographic and intraoperative data between the positive and negative T-lymphocytotoxic crossmatch groups 

Variable Positive TLC group (n = 8) Negative TLC group (n = 211) P-value

MELD score       24 (15–40) 14 (6–53) 0.003
Child-Pugh classification 0.031
   A 0 (0) 64 (30.3)
   B  2 (25) 79 (37.4)
   C  8 (75) 68 (32.2)
History of blood transfusion before LT 0.021
   Yes    7 (87.5) 97 (46.0)
   No    1 (12.5) 114 (54.0)

Values are presented as mean (range) or number (%). 
TLC, T-lymphocytotoxic crossmatch; MELD, model for end-stage liver disease; LT, liver transplantation.

the National Institute of Health standard T-cell crossmatch 
test (T-NIH), antiglobulin T-cell crossmatch test (T-AHG), 
B-cell crossmatch, and T-cell flow cytometry (FACS 
Calibur Analyzer, Becton-Dickinson, San Jose, CA, USA). 
A positive TLC was defined as 1) a positive T-NIH result, 
2) a positive T-AHG result or 3) greater than 20% cell death 
as measured by T-cell flow cytometry. B-Cell crossmatch 
was positive in 1 patient and regarded as a negative 
crossmatch. When a pretransplant TLC test was positive, 
the test was performed once a week postoperatively until 
negative conversion of TLC was found.

Statistical analysis
Continuous variables are expressed as median and 

range (minimum to maximum). Group comparisons were 
made with the Wilcoxon-Mann-Whitney test. Categorical 
variables are expressed as counts and percentage. Group 
comparisons were made with the Fisher exact test. Survi-
val was assessed with the Kaplan-Meier nonparametric 
survivorship function, and group comparisons were 
made with the log-rank test. A P-value ＜ 0.05 was consid-
ered significant. 

RESULTS

Results of pretransplant TLC among the recipients
TLCs were performed on 219 patients. The TLC test was 

positive in 8 patients and negative in 211 patients. There 
was no difference between the two groups in the in-
dications stratified by the test results. Viral related liver 

cirrhosis with/without hepatocellular carcinoma was the 
most common indication for LDLT in the positive (75.0%) 
and negative (89.0%) TLC groups. In adult LDLT recipi-
ents at our institution, the rate of pretransplant positive 
TLC was 3.7% (8/219).

Comparison of demographic and intraoperative da-
ta between the positive and negative TLC groups 

The demographic and intraoperative data of both groups 
are shown in Table 1. The pretransplant model for end-stage 
liver disease (MELD) score (P = 0.003), Child- Pugh classi-
fication (P = 0.031) and history of pretransplant blood tran-
sfusion (P = 0.021) were significantly higher in the positive 
TLC group. There were no significant differences between 
both groups in recipient age and sex, donor age and sex, 
etiology of liver disease, graft recipient weight ratio, rela-
tion to the recipient, immunosuppression, operation time, 
cold ischemic time, and intraoperative packed red blood 
cells transfusion. 

ACR episodes between the positive and negative 
TLC group

ACR was not significantly different between both 
groups. The incidence of ACR within 6 weeks was 0% (0/8) 
in the positive TLC group and 6.6% (14/211) in the negative 
TLC group. The median time to ACR was 13 days (range, 
5 to 45 days) in the negative TLC group. The severity of the 
episode was mostly mild (76%). None of the patients expe-
rienced episodes of severe or refractory rejection.
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Table 2. Incidence of surgical complications in the positive and 
negative TLC groups

Variable Positive TLC
group (n = 8)

Negative TLC
group (n = 211) P-value

Hepatic artery 
  thrombosis

0 (0) 5 (2.4) 0.660

Hepatic vein stenosis 0 (0) 2 (0.9) 0.782
Portal vein stenosis      1 (12.5) 1 (0.5) 0.072
Biliary tract 
  complications

     1 (12.5) 59 (28.0) 0.336

Reoperation 0 (0)       16 (7.6) 0.491

Values are presented number (%). 
TLC, T-lymphocytotoxic crossmatch.

Fig. 1. Kaplan-Meier patient survival curves of 219 patients 
underwent adult-to-adult living donor liver transplantation 
according to their pretransplant T-lymphocytotoxic crossmatch 
(TLC) results. The 1- and 3-year patient survival rates were 85.7% 
and 85.7%, respectively, in the positive crossmatch group (n = 211, 
solid line), while they were 94.6% and 85.6%, respectively, in the 
negative crossmatch group (n = 8, dashed line); the difference bet-
ween the groups was not statistically significant (P = 0.68). 

Fig. 2. Kaplan-Meier graft survival curves of 219 patients 
underwent adult-to-adult living donor liver transplantation 
according to their pretransplant T-lymphocytotoxic crossmatch 
(TLC) results. The 1- and 3-year patient survival rates were 85.7% 
and 85.7%, respectively, in the positive crossmatch group (n = 211, 
solid line), while they were 93.9% and 83.7%, respectively, in the 
negative crossmatch group (n = 8, dashed line); the difference 
between the groups was not statistically significant (P = 0.73).

Incidence of surgical complications after LDLT in 
the positive and negative TLC groups

Table 2 shows the incidence of surgical complications 
after LDLT in each group. There was no significant differ-
ence between both groups in the incidence of hepatic ar-
tery thrombosis, hepatic vein stenosis and portal vein 
stenosis. Biliary tract complications, including biliary lea-
kage and anastomotic stricture, were not significantly dif-
ferent between both groups. There was no significant dif-
ference between both groups in the incidence of 
reoperations.

Patient and graft survival rates between the pos-
itive and negative TLC group

Fig. 1 shows LDLT patient survival rates at our center. 
Based on the Kaplan-Meier analysis, 1- and 3-year patient 
survival rates were 85.7% and 85.7%, respectively, in the 
positive TLC group, while they were 94.6% and 85.6%, re-
spectively, in the negative TLC group; the differences be-
tween both groups were not statistically significant (P = 
0.68). One- and 3-year graft survival rates were 85.7% and 
85.7%, respectively, in the positive group, and 93.9% and 
83.7%, respectively, in the negative group (P = 0.73) (Fig. 2).

Posttransplant TLC test results in patients with a 
positive pretransplant TLC

Table 3 shows the perioperative TLC findings and clin-
ical outcomes of 8 patients. All 6 patients with a positive 
pretransplant TLC (2 patients were excluded because of re-
fusal to receive the test after LT) had a negative TLC follow-
ing LT without any treatment. The median time to a neg-
ative conversion of TLC was 1.5 weeks (range, 1 to 3 weeks). 
Three of 6 patients (50%) with a pretransplant positive TLC 
had a negative TLC in the first postoperative week. In the 
other 3 patients (cases 3, 7, and 8), titers of antidonor anti-
bodies decreased as measured by the complement-depend-
ent cytotoxicity test or the percentages of cell death de-
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Table 3. TLC test results and clinical outcomes in 8 patients before and after adult living donor liver transplantation

Case no. Relation
Pretransplant Posttransplant

GRWR 
(%)

MELD 
score T-NIH T-AHG T-cell flow 

cytometry
Time to negative

TLC (wk) Clinical outcome

1 Son 0.67 22  1:16 1:32 Positive 1 Well
2 Son 1.40 29 Negative 1:1 Negative 1 Thrombosis of  artificial vein graft
3 Unrelated 1.04 26 1:8 ＞1:32 Positive 2 Well
4 Nephew 0.99 31 1:4 1:1 Negative Refused to test Well
5 Sister 0.82 15 1:1 Negative Negative Refused to test Well
6 Unrelated 1.32 40 1:8 1:16 Positive 1 Died due to progression of HCC
7 Unrelated 1.07 14 1:1 1:4 Positive 3 Well
8 Unrelated 0.61 20 1:16 1:32 Positive 2 Narrowing of portal vein, biliary    

  stricture

GRWR, graft recipient weight ratio; MELD, model for end-stage liver disease; T-NIH, National Institute of Health standard T-cell crossmatch 
test; T-AHG, antiglobulin T-cell crossmatch test; TLC, lymphocytotoxic crossmatch; HCC, hepatocellular carcinoma.

creased as assessed by flow cytometry. TLC test results 
were negative in cases 3 and 8 in the second postoperative 
week and in case 7 in the third postoperative week.

DISCUSSION

Our frequency of a positive TLC test results (3.7%) is 
similar to those of other centers [19,20]. Patients with a pre-
transplant positive TLC had high MELD score, poor 
Child-Pugh classifications and higher percentage of pre-
transplant blood transfusion. The reason for the differ-
ences may be that most patients with a pretransplant pos-
itive TLC had a prolonged prothrombin time and received 
some blood transfusions prior to LT, such as fresh frozen 
plasma or platelet, which may have contained some for-
eign leukocytes with antihuman leukocyte antigen caus-
ing the production of antidonor specific antibodies in re-
cipient sera. Saito et al. [21] have demonstrated, in a study 
of pediatric LDLT, that the positivity rate of the pretrans-
plant lymphocytotoxic crossmatch tests is higher in pedia-
tric patients than in adult patients. They also mentioned 
that the reason for this discrepancy may be that most cases 
in their study had biliary atersia and received some blood 
transfusions prior to LT. This suggestion concurs with our 
study. Koneru et al. [22] have reported the effect of blood 
transfusion on the prognoses of liver recipients. They also 
stated that transfusion recipients have significantly higher 

panel reactive antibody levels (P ＜ 0.02). Even though this 
did not reach statistical significance, there was tendency 
toward higher incidence of a positive crossmatch result. 
Judging from these facts, there may be a relationship be-
tween the presence of history of pretransplant blood trans-
fusion and the positivity of TLC results.

Some authors have reported that a positive TLC before 
LDLT is closely related to a higher ACR [5,20,23] and low-
er graft or patient survival [5,23,24]. They recommend that 
a pretransplant positive crossmatch be regarded as a factor 
predicting lower liver allograft survival and be used as an 
indicator for the use of more aggressive and individualized 
immunosuppressive regimens [5,19,23,25,26]. However, 
some previous studies have demonstrated that a pretrans-
plant positive TLC does not negatively affect graft or pa-
tient survival in LDLT and does not increase ACR in pe-
diatric LDLT [21]. In our study, we confirmed that ACR 
and graft or patient survival did not increase in the pos-
itive TLC group compared to the negative group in adult- 
to-adult LDLT. 

There are several reports about the relationship be-
tween the pretransplant lymphocytotoxic crossmatch and 
patient or allograft survival in LDLT [5,19,20,23,24,27,28]. 
Attention should be paid to the evaluation of the cause of 
mortality after solid organ transplantation. Infection or 
multiorgan failure is often described as the major cause of 
mortality in many studies, which should be considered 
comprehensively. In our opinion, when discussing the ef-
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fect of crossmatch results on the outcomes of LDLT, im-
munologic cause should be precisely investigated. In our 
study, none died of an immunologic disease. The most 
common cause of death in our study was recurrence of ma-
lignancy in the negative (n = 10) and positive (n = 1) TLC 
groups. Also, the most common cause of death during ini-
tial hospitalization was infection (n = 6) in the negative 
TLC group. Since we minimized confounding bias, such as 
nonimmunologic reasons for death and aggressive tail-
ored immunosuppression, our study precisely examined 
the effect of a pretransplant positive TLC on patient or 
graft survival.

Takaya et al. [5] have documented that the incidence of 
bile duct complications increased with crossmatch posi-
tivity. However, Suehiro et al. [25] have reported that there 
is no significant difference between the positive and neg-
ative crossmatch groups. There have been few reports 
about the relationship of the incidence of surgical compli-
cations and crossmatch in adult LDLT. Our study demon-
strates that pretransplant crossmatch results are not re-
lated to the incidence of posttransplant complications in 
patients undergoing adult LDLT. 

Suh et al. [24] have shown that pretransplant positive 
TLC is an independent risk factor causing early death after 
adult-to-adult LDLT using small-for-size grafts. They stat-
ed that all 4 patients died of multiorgan failure after early 
acute rejection episodes. It was difficult to determine whe-
ther the causes of graft loss were truly related with the 
acute rejection episodes. They also mentioned that a small- 
for-size graft is related to detrimental outcomes. Three of 
the 4 patients had nonimmunologic disorder complica-
tions , such as hepatic venous stenosis, bleeding and sig-
moid volvulus in the early postoperative period. Surgical 
repair was required for the complications before liver fail-
ure developed. In our study, 4 of the 8 patients underwent 
LDLT using a small liver graft (graft recipient weight ratio 
＜1%) (Table 3). There were no mortalities in the early 
postoperative period in all 4 patients. LDLT using small- 
for-size graft can be safely performed on patients with a 
pretransplant positive TLC without considering any im-
munologic treatment. 

It is well known that patients with higher MELD scores 
before LT can detrimentally affect early posttransplant 

stages. Nevertheless, although the positive TLC group 
had higher MELD scores, the overall survival or graft sur-
vival rate did not show any difference between the 2 
groups. These results can strongly support our conclusion 
that pretransplant positive TLC does not affect clinical 
outcomes of LDLT.

In our study, we found that cross-reactivity of T-lympho-
cyte disappeared after LT within 3 weeks (range, 1 to 3 
weeks) without any immunologic treatment. We cannot 
give a precise explanation for the rapid disappearance of 
cross-reactivity after LT. A plausible explanation may be 
that liver allografts have a great capacity for secretion of solu-
ble class I histocompatibility antigen into circulation and ab-
sorption of antidonor antibodies by Kupffer’s cells [11]. 

All patients undergoing posttransplant TLC test (n = 6) 
lost cross-reactivity rapidly within 3 weeks. None had an 
ACR episode. Based on these findings, it is conceivable 
that ACR within 6 weeks might be not related to a pre-
transplant positive crossmatch but posttransplant positive 
crossmatch. Further studies with a larger sample size are 
required to investigate the association between ACR and 
maintenance of a posttransplant positive TLC.

Previous studies of crossmatch in LT have used the ACR 
definition [9,20,21,27,28]. In our study, we adopted this 
definition. However, donor specific antibodies can attrib-
ute to antibody-mediated rejection by which acute humor-
al rejection is mainly associated. Unfortunately, we did not 
perform C4d staining in all biopsy samples. Therefore, we 
could not provide the real incidence of acute humoral 
rejection. This is a limitation of this study.

In conclusion, this study demonstrates that, in LDLT, 
pretransplant TLC results may not be related to the post-
transplant incidence of surgical complications and re-
jection episodes or graft and patient survival. Therefore, 
pretransplant TLC may not be useful for donor selection. 
Some aggressive and tailored immunosuppressive regi-
mens should not be considered in patients with a pretrans-
plant positive TLC after LDLT. In addition, this study 
demonstrates that cross-reactivity of T-lymphocyte dis-
appeared after LT within 3 weeks (range, 1 to 3 weeks) 
without any immunologic treatment.
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