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Background: The outcome of liver transplantation in Taiwan and overseas has not been compared directly. We investi-
gated differences in outcomes between liver transplant recipients in China and those in Taiwan. Materials and Meth-
0ds: Ninety-two patients who underwent liver transplantation in China and were subsequently being followed at the Tri-
Service General Hospital (TSGH; China group; CG) were compared with 107 patients who received transplants at TSGH
(Taiwan group; TG). Donor and recipient characteristics, complications, and survival were analyzed. Survival was calcu-
lated using the Kaplan—Meier method, and univariate analysis was tested by the log-rank test. Then, regression analysis
was performed using the Cox proportional hazard model. Results: The number of patients with hepatocellular carcinoma
(HCC) beyond the Milan and University of California, San Francisco criteria was significantly higher in the CG than in
the TG. The rates of HCC recurrence, intrahepatic biliary strictures, and mortality were also higher in the CG than in the
TG. Univariate analysis revealed significant differences in 8 parameters between survivors and non-survivors, and Cox
regression analysis further identified psychosocial problems, post-transplant de novo malignancy, HCC recurrence, and
graft failure as mortality predictors. The overall survival rate was significantly higher in the TG than in the CG, with the
former group showing a trend of greater mean survival duration. However, differences in survival were not significant
after adjusting for risk factors. Conclusion: The outcomes of patients receiving livers donated after cardiac death may be
comparable; however, patients with advanced HCC should not seck transplantation without appropriate pre-transplant tu-
mor treatments.
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INTRODUCTION

dependence on deceased donors and the waiting time for
many patients.

Liver transplantation is considered a curative treat-
ment for most end-stage liver diseases (ESLDs) and
selected cases of hepatocellular carcinoma (HCC).' In
Taiwan, organ transplantation has become acceptable
among the general population, but a shortage of deceased
donors remains a limiting factor. The introduction of liv-
ing donor liver transplantation (LDLT) has decreased the
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However, LDLT is not without risks to the donor. A
report published in 2008 revealed that, of an estimated
14,000 LDLTs performed worldwide, the prevalence of
donor death was 0.1%-0.3% and could reach 0.5% if
the right hemi-liver was used.” Consequently, the use of
LDLT is still not widespread; therefore, some patients
travel to China to undergo liver transplantation. The law
in Taiwan does not allow doctors to refer their patients
to China for liver transplantation; therefore, patients
must arrange for this procedure themselves. Because this
venture involves significant cost, most patients who go
to China for liver transplantation tend to be financially
stable.

In Taiwan, almost all deceased donors are brain dead.
Because of the shortage of donors, if a patient receives
a poor graft, he/she has little chance to obtain a second
one. Livers donated after cardiac death are not been used
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at our hospital (Tri-Service General Hospital (TSGH),
National Defense Medical Center Taipei, Taiwan),
whereas in China, almost all livers from deceased donors
are donated after cardiac death (i.e., non-heart-beating
donors)’ in the study period.

This study aimed to compare the outcomes of liver
transplantation between recipients in Taiwan and those
in China to identify significant risk factors that can influ-
ence the survival of these recipients.

MaterialS AND METHODS

Patients

Ninety-two adult patients (81 males) who received a
liver transplant in China between December 2001 and
May 2008 and were being followed up at the TSGH in
Taiwan [China group; (CG)] were included in this study.
During the same period, 107 adult patients (79 men)
received liver transplants at the TSGH [Taiwan group;
(TG)]. Patients in the CG received liver transplants
donated after cardiac death and returned to Taiwan for
follow-up after hospital discharge. They were followed
up and managed like any other liver transplant patient
who underwent this procedure at the TSGH. In the TG,
65 patients underwent LDLT while 42 underwent de-
ceased donor liver transplantation (DDLT). Patients who
died during surgery, those aged <18 years, and those who
continued their follow-up at other hospitals were exclud-
ed from the study. During the same period, the waiting
list for liver transplantation at the TSGH was analyzed,
including patients who received transplants, those who
dropped out, and those still on the list. The definition of
drop-out was patients who died or developed extrahepat-
ic HCC metastases while waiting for a transplant. Most
patients in the CG were not referred from our hospital;
therefore, the surgical mortality rate in this group could
not be measured. The CG included only those patients
who underwent transplantation in China, returned to Tai-
wan, and underwent follow-up at the TSGH. The date of
final follow-up was June 5, 2009.

This research was approved by the institutional review
board of the TSGH (TSGHIRB 100-05-220).

Statistical analysis

Donor characteristics, recipient characteristics, com-
plications encountered, and survival were analyzed in the
2 groups. Continuous data were tested using Student’s
t-test, while categorical data were tested using the chi-
square or Fisher’s exact test. Univariate analysis of sur-
vival was tested by the log-rank test. Factors identified

312

OChma OTawan

Fig. 1 Annual number of liver transplantations in the Chi-
na group and Taiwan group

to be significant predictors of survival were analyzed by
regression analysis using the Cox proportional hazard
model. A P value of <0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS for Windows 15.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

Patient distribution

Most of the liver transplants undertaken in China were
performed between 2002 and 2006; the number of pro-
cedures peaked in 2005 and tapered off in 2008. On the
other hand, the number of transplants in the TG increased
gradually from only 1 patient in 2002 to >20 patients
since 2006, with a projected increase to >30 patients in
2009 (Fig. 1). The percentage of LDLTs increased in later
years, once this procedure became more acceptable in
Taiwan.

Clinicopathological characteristics

There was no significant difference in recipient age
between the 2 groups, whereas the male-to-female ratio
was significantly higher in the CG than in the TG.

Hepatitis B virus (HBV) infection was the most fre-
quent etiology of ESLD in both groups. The number of
patients with HCC was significantly higher in the CG
than in the TG (69.6% Vs. 40.2%, P = 0.03), whereas
the TG included more patients with alcoholic liver dis-
ease compared with the CG (16.8% VS. 6.5%, P = 0.04).
Furthermore, the number of patients with HCC beyond
the Milan and University of California, San Francisco
(UCSF) criteria was significantly higher in the CG than



Table 1 Characteristics of donors and recipients, comp-
lications, and outcomes of liver transplantation in
the China and Taiwan groups

China group Taiwan group P
(n=92) (n=107)

Donor characteristics

Non-heart-beating donor 92 0
Living + split donor 0 65
Cadaver donor 0 42
Recipient characteristics
Age 51.5+10.3 524498 0.55
F/M 11/81 28/79 0.02
Etiology
HBV 69 69 0.09
HCV 16 28 0.08
Alcoholic 6 18 0.04
Other 1 7 0.13
HCC 64 45 0.03
HCC criteria
Milan criteria (fit/nonfit) 19/45 34/11 <0.001
UCSF (fit/nonfit) 25/39 35/10 <0.001
Complications
Biliary complications 14 25 0.16
Surgical complications 7 14 0.16
TB infection 2 4 0.69
Renal complications 6 6 0.99
Vascular complications 2 1 0.6
Graft failure 6 3 0.31
Psychosocial problems 2 11 0.023
Acute rejection 13 14 0.84
De novo malignancy 3 4 0.99
Re-exp lap 14 11 0.39
HCC recurrence 32 5 <0.001
Outcome
Survival/death 47/45 91/16 <0.001
duration 50.0£3.7 539+34 0.35

HBY, hepatitis B virus infection; HCV, hepatitis C virus infection; alco-
holic, alcoholic-related liver cirrhosis; other, except virus or alcoholic-
related liver cirrhosis and HCC; HCC, hepatocellular carcinoma; TB,
tuberculosis; re-exp lap, second exploratory laparotomy after liver
transplantation; UCSF, University of California, San Francisco.

in the TG. Of the 64 HCC patients in the CG, 45 (70%)
were beyond the Milan criteria, and 39 of these were also
beyond the UCSF criteria. The other indications for liver
transplantation in the CG included cholangiocarcinoma (n
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= 1). In the TG, the other indications included Wilson’s
disease (n = 1), mixed HCC and cholangiocarcinoma (n
= 2), biliary atresia (n = 1), cryptogenic cirrhosis (n = 1),
acute hepatic failure (n = 1), and fulminant hepatitis (n =
1) (Table 1).

Table 1 also shows the complications encountered in
the 2 groups. The main complications encountered in the
CG were HCC recurrence (34.8%) and biliary complica-
tions (15.2%), including stones in the common bile duct,
bile leakage, bile abscess, intrahepatic and anastomotic
strictures, and cholangitis, whereas those in the TG were
biliary complications (23.4%), acute rejection (13.1%),
and psychosocial problems (10.3%), including exces-
sive alcohol consumption after transplantation, poor drug
compliance, and suicide. The rate of HCC recurrence was
significantly higher in the CG than in the TG (34.8% Vs.
4.7%, P <0.001), whereas that of psychosocial problems
was significantly higher in the TG than in the CG (10.3%
VS. 2.2%, P = 0.023). Five in 14 patients (36%) with bil-
iary complications in the CG had intrahepatic strictures,
some of which were severe and multiple. No patient in
the TG developed intrahepatic strictures, and 72% (18/25)
biliary complications in this group were attributed to
anastomotic strictures, most of which were managed
successfully by endoscopic retrograde cholangiographic
stenting.

All patients developed only grade III or IV (Classifi-
cation of surgical complications’) complications. These
included stroke (n = 1), hemophagocytosis (n = 1), and
colon injury during the transplantation procedure in Chi-
na (n = 1), necessitating colostomy that was performed
in China and closed at the TSGH. The diagnosis of acute
rejection was confirmed by liver biopsy. Post-transplant
de novo malignancies included lymphoma (n = 1), gas-
trointestinal stromal tumor (n = 1), rectal carcinoma (n
= 1), lung sarcoma (n = 1), esophageal carcinoma (n =
1), pancreatic carcinoma (n = 1), and mesothelioma (n =
1). Renal complications included acute and chronic renal
failure, the need for hemodialysis after transplantation,
and complications associated with concurrent kidney
transplantation. The survival rate was significantly higher
in the TG than in the CG, with the former group exhibit-
ing a trend of greater mean survival duration (Table 1).

HCC recurrence was the major cause of death in the
CG, and 87.5% patients in this group had tumors beyond
the Milan criteria before transplantation.

Risk factors for survival
Table 2 presents the results of univariate analysis of
patient characteristics according to survival. Eight pa-
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Table 2 Patient characteristics according to survival

Survivors Nonsurvivors P
(n=138) (n=61)

Donor characteristics <0.001
47 (34.1%) 45 (73.8%)
91 (65.9%) 16 (26.2%)

China group
Taiwan group

Recipient characteristics

Age 52.3%10.1 51.3%938 0.83
F/M 28/110 11/50 0.86
Etiology
HBV 93 45 0.75
HCV 34 10 0.54
Alcoholic 17 9 0.32
Other 6 0 0.54
HCC 62 47 <0.0001
HCC criteria
Milan criteria (fit/nonfit) 40/22 11/36 <0.0001
UCSF criteria (fit/nonfit) 44/18 14/33 <0.0001
Complications
Biliary complications 29 10 0.72
Surgical complications 14 7 0.43
TB infection 5 1 0.37
Renal complications 9 3 0.76
Vascular complications 0 3 0.001
Graft failure 1 8 0.002
Psychosocial problems 4 9 0.002
Acute rejection 21 6 0.099
De novo malignancy 0 7 0.009
Re-exp lap 18 7 0.82
HCC recurrence 2 35 <0.0001

HBYV, hepatitis B virus infection; HCV, hepatitis C virus infection; alco-
holic, alcoholic-related liver cirrhosis; other, except virus or alcoholic-
related liver cirrhosis and HCC; HCC, hepatocellular carcinoma; TB,
tuberculosis; re-exp lap, second exploratory laparotomy after liver
transplantation; UCSF, University of California, San Francisco.

rameters were found to differ significantly between sur-
vivors and nonsurvivors: country (China or Taiwan; P <
0.001), Milan criteria status (P < 0.0001), UCSF criteria
status (P < 0.0001), HCC recurrence (P < 0.0001), post-
transplant de novo malignancy (P = 0.009), graft failure
(P = 0.002), psychosocial problems (P = 0.002), and
vascular complications (P = 0.001). Multivariate analysis
identified psychosocial problems, post-transplant de novo
malignancy, HCC recurrence, and graft failure as inde-
pendent risk factors for survival (Table 3).
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Table 3 Cox Regression Analyses according to Mortality

Factors
Hazard ratio 95% CI P
Group 1.292 0.517-3.230 0.584
Fit Milan criteria 0.898 0.225-3.595 0.880
Fit UCSF criteria 0.530 0.153-1.836 0.317
Vascular complications 1.990 0.583-6.786 0.272
Psychosocial problems 46.304 7.888-271.828 <0.001
De novo malignancy 10.861 1.949-60.520 0.007
HCC recurrence 11.170 4.606-27.092  <0.001
Graft failure 15.379 1.699-139.231  0.015

CI, confidence interval; HCC, hepatocellular carcinoma; UCSF, Uni-

versity of California, San Francisco.

Table 4 Comparison of tumor recurrence rates between
HCC patients fitting or not fitting the Milan/
UCSEF criteria

Recurrence  Nonrecurrence P

Milan criteria

(fit/nonfit) 7/30 44/28 <0.001
UCSEF criteria
(fit/nonfit) 9/28 49/23 <0.001

Overall survival

The overall survival rate was significantly higher in
the TG than in the CG (P = 0.008; Fig. 2A). However,
this rate did not differ significantly between the 2 groups
after adjusting for independent risk factors (P = 0.58;
Fig. 2B).

Overview of the waiting list at the TSGH

During the study period, 311 patients were on the
waiting list at the TSGH. Two patients with acute hepati-
tis improved after medical treatments and 64 dropped out
because of death (n = 44) or extrahepatic HCC metasta-
ses (n = 20). The drop-out rate in the TG was 20.6%. The
mean waiting time for DDLTs (n = 42) at the TSGH was
approximately 6.4 months (Fig. 3).

Tumor recurrence rates among the HCC patients

Subgroup analysis for the HCC patients in our study
revealed that the recurrence rate was significantly higher
in patients with tumors beyond the Milan criteria or the
UCSF criteria than in patients with tumors within these
criteria (P < 0.001 for Milan and UCSF criteria; Table 4).
The recurrence rate was significantly higher in HCC pa-
tients in the CG than in those in the TG (P = 0.005; Fig.
4).
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Fig. 2 (A) Comparison of overall survival between the Tai-
wan group and China group (P = 0.008) on the basis
of unadjusted data. (B) Survival in the Taiwan group
and China group after adjusting for confounding
risk factors (P = 0.58) .

DISCUSSION

The decrease in the number of patients who received
a liver transplant in China and were followed up at the
TSGH may reflect the strict regulatory control over the
use of human organs in China, which was initiated in
2007.°

In this study, the CG patients tended to be from a
slightly higher socioeconomic class, and fewer patients
in this group reported alcoholism, thus explaining the
significantly lower number of patients with alcoholic
liver disease (6.5% Vs. 16.8%, P = 0.04) and psychoso-
cial problems after transplantation (2.2% Vs. 10.3%, P =
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Waiting,
n=122

Fig. 3 Distribution of patients on the waiting list at the
TSGH (n = 309). Two patients with acute hepati-
tis who improved after medical treatments are not
shown. Drop-out: drop-out from waiting list because
of death or extrahepatic metastases, LT: liver trans-
plantation, waiting: still active on the waiting list.
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Fig. 4 Prevalence of tumor recurrence among the HCC pa-
tients in the Taiwan group and China group
HCC: hepatocellular carcinoma

0.023) in the CG compared with that in the TG.

The 1-year survival rate in the CG was 78%, which
is within the range of survival that was recently reported
in association with a series of transplants donated after
cardiac death (62.5%-86.5%).”” The vascular and bil-
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Fig. 5 Formation of intrahepatic duct casts induced by dam-
age to the epithelium of the bile duct
(A) Magnetic resonance cholangiopancreatography
showing multiple intrahepatic biliary duct strictures.
(B) After exploration, the intrahepatic duct cast was
found.

iary complication rates were also comparable between
both groups. Although the 5-year survival and vascular
complication rates in the present study were similar to a
recent report on liver transplantation using livers donated
after cardiac death' (49% and 2.2% Vs. 49% and 3.6%,
respectively), the biliary complication rate in the present
study was lower than that in the previous study (15.2%
VS. 41.7%).

After liver transplantation, ischemia-reperfusion
injury is one of the most important causes of severe
damage to the intrahepatic biliary tract, although other
etiologies, including chronic ductopenic rejection, liver
transplantation across the ABO barrier, and preserva-
tion injury are also recognized."’ Reports have suggested
an increase in the rate of biliary complications, mainly
intrahepatic ischemic-type biliary strictures, after trans-
plantation using livers donated after cardiac death.”'’ The
biliary complication rate in the CG and TG in our study
was within the reported biliary complication rate (5.8%-
30%), depending on the types of graft, donor, and biliary
anastomosis.''® However, the high incidence of intrahe-
patic strictures in the CG is a concerning issue because
these patients require repeated percutaneous transhepatic
cholangiodrainage (PTCD), which influences the daily
activities after transplantation and, subsequently, quality
of life (QoL). Five patients in the CG developed isch-
emic biliary complications (5.4%), of which 2 received a
second liver transplant and survived, 1 received hepatoje-
junostomy because of repeated cholangitis and survived,
1 received PTCD drainage, and 1 died of sepsis approxi-
mately 20 months after transplantation. Figure 5 shows
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a patient with multiple intrahepatic bile duct strictures
and cast formation who eventually received a second
liver transplant. A high incidence of intrahepatic bil-
iary strictures was also reported in a similar study from
Hong Kong, in which the incidence of abnormal liver
biochemistry and graft failure was higher while the sur-
vival rate was lower after transplantation in patients who
received a transplant in China than in their counterparts
who received a transplant in Hong Kong.’ In the present
study, 3 of 5 patients with ischemic biliary complications
developed graft failure, but this biliary complication did
not significantly correlate with mortality. Obvious isch-
emic biliary complications were not observed in the TG,
indicating that donation before cardiac death may help in
diminishing the severity of ischemic complications.

The HCC recurrence rate was significantly higher
in the CG than in the TG in the present study. A likely
reason for this is the higher number of patients with
HCC beyond the Milan and UCSF criteria in the CG.
Subsequently, a higher number of recipients died of
HCC recurrence in the CG group (50% Vs. 6.8%). Since
a study at the TSGH in 2006 showed a survival benefit
of adjuvant chemotherapy in patients with HCC beyond
the Milan criteria'’, most patients with pathologically
confirmed HCC beyond the Milan criteria are routinely
administered adjuvant chemotherapy (gemcitabine and
cisplatin). Since 2006, most patients in the TG with HCC
beyond the Milan criteria received adjuvant chemother-
apy, decreasing mortality from HCC recurrence. Only a
few patients in the CG received adjuvant chemotherapy
because the number of patients in that group decreased
appreciably since 2006. With regard to survival, although
the overall survival rate was significantly higher in the
TG than in the CG in this study, the difference became
insignificant after adjusting for the risk factors for sur-
vival. Nevertheless, according to this observation, pa-
tients with advanced HCC should not directly undergo
liver transplantation because of the significantly higher
risk of HCC recurrence and consequent poor outcome.
Instead, alternative treatments should be tried first. Some
patients may have a better chance of good outcomes after
bridging or downstaging therapies'™'” such as transarte-
rial chemoembolization, radiofrequency ablation, and
cyberknife radiotherapy.

Psychosocial comorbidities can diminish the recipient
ability to adapt to the transplant regimen and services.
Pretransplant psychosocial assessment of recipients us-
ing a multidisciplinary team is warranted. Currently,
there is no gold standard for the criteria for psychoso-
cial selection.” Some transplantation-specific rating



scales”” have been created to aid in the understanding
of psychosocial factors, but studies to determine whether
these scales predict a worse outcome after transplanta-
tion are lacking. In the TG, a psychiatrist, social worker,
and transplant coordinator assessed transplant candidates
during the evaluation process. The items in this psycho-
logical and mental evaluation form included past psycho-
logical disease (including dependence on alcohol and/or
drugs), psychological status examinations, and capacity
for providing informed consent. The social worker as-
sessed the recipient’s: family structure, socioeconomic
status and support system, recognition and response to
his/her disease, expectation and response to organ trans-
plantatio, decision-making processes, support system
during postoperative care. All patients passed the psycho-
social evaluation before transplantation; if the patients
were in a critical condition and could not communicate
well, their closest first-degree relatives were interviewed.
The psychosocial comorbidities found in the TG were
excessive alcohol consumption after transplantation (n
= 5), poor drug compliance (n = 5), and suicide (n = 1).
Eight of the 11 patients with psychosocial comorbidi-
ties in this group had underlying alcohol-related liver
disease. Some patients had mixed etiologies, including
viral hepatitis and alcoholic liver disease; therefore, the
impact of excessive alcohol consumption could not be
accurately determined. However, the long-term effects of
excessive alcohol consumption could have contributed
to the development of these psychosocial comorbidi-
ties, which were found to be independent risk factors for
survival in the present study. The criteria used to select
patients with alcohol-related liver disease included dura-
tion of abstinence >6 months, presence of family or so-
cial support, absence of substance or medication abuse,
absence of other psychiatric disorders, compliance with
recommendations from the treatment team. Some studies
have stated that the 6-month abstinence rule is not help-
ful in predicting post-transplant relapse;”** however, we
think that it determines the social and family support the
patient can obtain. Regular involvement of an ongoing
addiction self-help group and monitoring for relapse dur-
ing the waiting period by addiction professionals are our
goals to decrease the chances of relapse.

An increased incidence of post-transplant malignan-
cies has been reported””, and they are also a major
cause of late death in liver transplant recipients.””’ Skin
cancer and post-transplant lymphoproliferative disease
comprise the most common malignancies after liver
transplantation, followed by other solid-organ cancers
involving the colorectal, esophageal, lung, and genito-
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urinary systems.” Risk factors for the development of
post-transplant de novo malignancies are thought to be
alcoholic liver disease, increasing age, and, possibly, the
extent of immunosuppression.”® Treatment approaches
and preventive measures for de novo malignancies vary
depending on the type of malignancy.

In conclusion, the overall survival rate was not signifi-
cantly different between the CG and TG after adjusting
for independent risk factors in the multivariate analysis.
The post-transplant complication rate was also similar
between groups. The rate of HCC recurrence and inci-
dence of intrahepatic biliary strictures were significantly
higher in the CG than in the TG, which exhibited a sig-
nificantly higher incidence of psychosocial problems.
The results of the present study suggest that liver trans-
plantation using livers donated after cardiac death can
yield comparable outcomes in terms of survival and post-
transplant complications. However, patients in the pres-
ent study who received livers donated after cardiac death
tended to exhibit a higher incidence of intrahepatic bil-
iary strictures, resulting in a worse QoL after transplanta-
tion. Therefore, patients with advanced HCC should seek
expert opinions and receive appropriate tumor treatments
until his/her HCC status meets certain widely accepted
transplant criteria. An ill-judged decision for liver trans-
plantation without an appropriate indication yields a poor
prognosis.
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