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Abstract

Objective: We aimed to evaluate the efficacy and safety of steroid-free immunosuppression after liver
transplantation (L'T) for hepatocellular carcinoma (HCC).

Methods: We retrospectively analyzed HCC recipients without steroids after L'T (SF group, n=368) based on the
China Liver Transplant Registry (CLTR) database. These recipients were matched 1:2 with patients using steroids
(S group, n=736) for the same period after L'T for HCC, according to propensity scores.

Results: Multivariate analysis indicates that recipients with younger age [odds ratio (OR), 1.053; P=0.011],
preoperative hepatitis B virus (HBV) DNA >1,000 copies/mL (OR, 2.597; P=0.004) and beyond Milan criteria (OR,
4.255; P<0.001) were identified as the risk factors associated with tumor recurrence in steroid avoidance recipients
after L'T. The patients fulfilling the Milan criteria in the SF group presented higher overall and tumor-free survival
rates than those in the S group (P<0.05). Multivariate analysis revealed that recipient beyond Milan criteria was an
independent prognostic factor for overall survival (OR, 1.690; P<0.001) and tumor-free survival (OR, 2.066;
P<0.001). The incidences of new-onset diabetes mellitus (21.20% vs. 33.29%, P<0.001), new-onset hypertension
(10.05% vs. 18.61%, P<0.001) and hyperlipidemia (4.08% vs. 7.20%, P=0.042) were significantly lower in the SF
group.

Conclusions: Steroid-free immunosuppression could be safe and feasible for HBV-related HCC patients in L'T.
Age, HBV DNA level and Milan criteria maybe risk factors associated with tumor recurrence in steroid avoidance
recipients. Recipient beyond Milan criteria was an independent prognostic factor and recipient fulfilling Milan

criteria can benefit the most from steroid-free immunosuppression.
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Introduction disease with limited therapeutic options due to its

aggressive progression (2,3). Liver transplantation (LT) is
Hepatocellular carcinoma (HCC), which has high the only curative alternative for selected patients with HCC
incidence and mortality rates in China (1), is a malignant who are not eligible for resection and/or with
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decompensated cirrhosis. In China, donor livers are often
offered to HCC patients who have hepatitis B virus (HBV)-
related backgrounds. Unfortunately, HCC recurrence has
been reportedly as high as 40% after LT, and tumor
recurrence remains the main cause of death of HCC
patients after LT (4,5). Tumor progression is more rapid
and aggressive in immunosuppressed patients following
LT. Steroids play a crucial role in rejection prophylaxis and
treatment after LT and other solid organ transplantation.
Since the first L'T was performed by Thomas Starzl in
1963, steroids have been very popular as immuno-
suppressive (IS) drugs, together with calcineurin inhibitors
(CNIs), resulting in a decrease in acute rejection (AR) in
recent decades, but their usage has become more
controversial recently. Increasing attention has been
focused on the side effects associated with steroid-based IS
regimens (6). Long-term steroids can facilitate the host
immunity, which maybe the cause of HCC recurrence (7-
10). In addition, the numerous side effects of steroids, such
as infections, obesity, lipid profile imbalances, hypertension
and diabetes mellitus, have emphasized the need to avoid or
limit steroid usage (11,12).

In the past decade, that avoidance or withdrawal of
steroids after LT could decrease the risks of various side
effects has been confirmed in Western patients with
hepatitis C virus (HCV) infections but rarely in Chinese
HBYV patients, particularly HBV-related HCC patients (13-
18). It is therefore essential to assess the effectiveness and
safety of steroid-free IS regimens in Chinese patients. In
this large-sample retrospective research, we were
particularly interested in the impact of this steroid-free
regimen on the incidence of HBV-related HCC recurrence
after LT, because these patients account for nearly half of
the Chinese liver transplant population, and recurrence of
the disease is such a significant problem in this patient
population.

Materials and methods
Study population

The details of 20,829 liver transplants, performed from
January 2000 to December 2011, were collected by the
China Liver Transplant Registry (CLTR) from 76 liver
transplantation centers across China.

A total of 18,362 patients were excluded from this study
using the following exclusion criteria: L'T for non-tumor
lesions or non-HBV disease; LT for other malignant
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tumors (cholangiocarcinoma, carcinoma of gallbladder,
mixed carcinoma, and secondary tumors); patients
exceeding the Hangzhou criteria (19); pediatric LT
steroids administered pre-transplantation; re-transplantation
or combined liver-kidney transplantation; incomplete
laboratory and clinical data; or death within 1 week due to
bleeding after L'T.

The remaining 2,467 patients were enrolled, and their
data were used for analysis. Three hundred sixty-eight
patients received corticosteroid-free immunosuppression
(SF group). The steroid-free IS regimen consisted of a CNI
[either tacrolimus (FK-506) or microemulsified
cyclosporine A (CsA)], mycophenolate mofetil (MMF), and
anti-CD25 antibody (basiliximab). In the SF group,
corticosteroid was used once during the operation and then
was completely avoided postoperatively, unless the patient
developed AR.

The steroid-free patients were matched at a 1:2 ratio, by
age, sex, donor source, hepatic encephalopathy, hepato-
renal syndrome, diabetes mellitus, hypertension, model for
end-stage liver disease (MELD), a-fetoprotein (AFP) level,
TNM tumor staging for HCC, size of the largest tumor,
number of tumor nodules and operation date with control
patients receiving steroid-based immunosuppression during
the same period (S group, n=736). This retrospective
cohort study was performed using multivariate matched
sampling methods that incorporated the propensity score
(20). All the liver transplant candidates would receive
ultrasound (US) and serum biochemistry test every week,
computed tomography (CT) or magnetic resonance
imaging (MRI) test every 4 weeks to monitor the dynamic
changes of tumors. All of these patients received
preoperative antiviral treatments, including monotherapy
of nucleoside analogs (lamivudine or entecavir) and
multiple therapies of nucleoside analogs (lamivudine plus
adefovir). All patients received lamivudine (100 mg/d
orally) combined with low-dose Hepatitis B immune
globulin (HBIG) (2,000 IU of HBIG in the anhepatic
phase, followed by 800 IU daily for the next 6 days and
weekly for 3 weeks, and then 800 IU monthly thereafter )
therapy after L'T (21). The steroid IS regimen used in the S
group consisted of a CNI and steroid with or without
MMF, depending on the need, and/or anti-CD25 antibody.
In this group, methylprednisolone or prednisolone was
administered at a dose of 1,000 mg intraoperatively and 100
mg on d 1, and it was tapered completely by the end of
three months after L'T. AR was treated by bolus steroid
administration. MMF was administered as needed at the
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same initial dose and tapering protocol as the steroid-free
IS regimen. Upon leaving the hospital, the patient receives
a schedule of follow-up clinic visits for laboratory tests and
checkups. The idea is to track clinical progress and to
detect potential complications as early as possible. Patients
are instructed to notify the transplantation team if they
have any prolonged illness, fever, nausea, vomiting, or
diarrhea or if they experience any unusual symptoms or
adverse effects potentially related to the immunosuppressant.

Each organ donation and transplantation was strictly
followed the current regulation of the Chinese
Government and the Declaration of Helsinki 2004, and
informed consents were obtained from all patients. The
study was approved by Ethics Committee of the First
Affiliated Hospital, College of Medicine, Zhejiang
University.

Data collection

The following variables were recorded: age, sex, primary
liver disease, body mass index (BMI), blood pressure, cold
ischemia time and IS agents. The pre-transplant data were
collected within 24 h before LT.

HBYV recurrence was defined as the recurrence of serum
HBYV surface antigens. AR was identified by liver biopsy
(22). AR episodes were generally treated with the
administration of 500 mg of methylprednisolone daily for 3
consecutive days and 240 mg tapered to zero within the
first 1 month. Hypertension was defined as blood pressure
greater than 140/90 mmHg (1 mmHg=0.133 kPa) at two
consecutive visits and/or the need for antihypertensive
therapy.

Hyperlipidemia was defined as serum cholesterol >200
mg/dL (5.17 mmol/L) or the need for pharmacologic
treatment 2 months after L'T, and hyperlipidemia was
defined as serum triglycerides >150 mg/dL (1.69 mmol/L)
or the need for pharmacologic treatment 2 months after
LT (23).

New-onset diabetes mellitus (NODM) was defined as a
fasting glucose level of at least 7 mmol/L (126 mg/dL) or a
non-fasting glucose level of at least 11.1 mmol/L (200
mg/dL) confirmed on at least 2 occasions or the need for
anti-diabetic drugs persisting beyond the first month but
within the first year after transplantation (24).

Statistical analysis

Quantitative variables are expressed as medians and ranges.
Categorical variables are presented as values and
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percentages. The medians and ranges of continuous data
were compared using the Wilcoxon rank sum test, and the
Chi-square test or Fisher’s exact test was used to compare
categorical variables. A multivariate logistic regression
model, using clinically relevant variables, was generated to
compute a propensity score for each patient. The
propensity score was then used to obtain a 1:2 match for all
of the enrolled patients. To identify risk factors related to
tumor recurrence in steroid avoidance recipients, a
multivariate analysis was performed using the logistic
regression model with backward elimination. Overall
survival (OS) and tumor-free survival (TFS) analysis were
performed by Kaplan-Meier methodology with log rank
testing. Cox proportional hazard models were used to
estimate hazard ratios for OS and TFS, and to determine
independent risk factors. SAS software (Version 9.2; SAS
Institute Inc., Cary, NC, USA) was used to complete all of
the analyses, and P<0.05 was considered statistically
significant (two-tailed test).

Results
Patient characteristics

The patients’ demographic characteristics were similar
between the two groups (Table I1). The follow-up periods
were similar: 25.13 (range: 0.03-142.27) months in the SF
group and 26.71 (range: 0.16-134.90) months in the S
group (P=0.371). The serum creatinine and alanine
transaminase (ALT) levels after LT (1 d, 7 d, 14 d and 30
d) were similar between the two groups (Figure I).

Incidence of AR

A total of 41 of the 368 patients (11.14%) in the SF group
had histologically confirmed AR episodes by three months
after L'T. A first histologically confirmed AR episode was
reported in 58 (7.88%) of the 736 patients in the S group.
The difference in AR incidence between the SF group and
the S group did not reach statistical significance (P=0.074)
(Table 2). The occurred periods of AR were also similar:
0.56 (range: 0.26, 1.09) months in the SF group and 0.95
(range: 0.41, 6.18) months in the S group (P=0.086). In all
of the cases, the AR was treated by bolus steroid
administration and by increasing the trough level of the
CNI (Table 3).

HBYV recurrence

The HBV recurrence rate was 1.90% (7/368) in the SF
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Table 1 Clinical characteristics of recipients
Characteristics SF group (N=368) S group (N=736) P
Age [median (range)] (year) 50.65 (44.15, 56.80) 51.15 (45.00, 57.05) 0.458
Male [n (%)] 332 (90.22) 667 (90.63) 0.828
LDLT/DDLT 13/355 19/717 0.375
Hepatic encephalopathy [n (%)] 13 (3.53) 23 (3.13) 0.719
Intractable ascites [n (%)] 113 (30.71) 219 (29.76) 0.745
Hepato-renal syndrome [n (%)] 4 (1.09) 9(1.22) 1.000
Gl bleeding [n (%)] 3 (3.53) 33 (4.48) 0.456
Spontaneous bacterial peritonitis [n (%)] 7 (1.90) 2 (1.63) 0.744
Diabetes mellitus [n (%)] 21 (5.71) 33 (4.48) 0.375
Hypertension [n (%)] 32 (8.70) 60 (8.15) 0.758
MELD [median (range)] 18, 14) 0(8,14) 0.572
Total bilirubin [median (range)] (mg/dL) 1.49 (0.88, 2.58) 1.38 (0.91, 2.39) 0.159
Serum creatinine [median (range)] (mg/dL) 0.78 (0.64, 0.90) 0.79 (0.67, 0.95) 0.749
INR [median (range)] 1.24 (1.09, 1.45) 1.22 (1.08, 1.46) 0.642
AFP [median (range)] (ng/mL) 58.62 (10.41, 242.10) 44.96 (9.48, 300.00) 0.307
HBV DNA [n (%)] 0.002
<1,000 copies/mL 298 (80.98) 527 (71.60)
>1,000 copies/mL 70 (19.02) 209 (28.40)
Milan criteria [n (%)] 0.964
Within Milan 240 (65.22) 479 (65.08)
Beyond Milan 128 (34.78) 257 (34.92)
Tumor characteristics
TNM tumor stage for HCC [n (%)] 0.912
Stage | 109 (29.62) 226 (30.71)
Stage |l 158 (42.93) 317 (43.07)
Stage llI 89 (24.18) 174 (23.64)
Stage IV 2 (3.26) 9 (2.58)
Size of largest tumor [median (range)] (cm) 3(2.0,5.0) 3(2.0,4.5) 0.168
Number of tumor nodules [median (range)] 1(1,2) 1(1,2) 0.083
Death [n (%)] 27 (7.34) 153 (20.79) <0.001
Causes of death [n (%)]
Liver failure 9 (2.45) 16 (2.17) 0.775
Bleeding 0 (0) 4 (0.54) 0.157
Sepsis 1(0.27) 3(0.41) 0.723
Multiple organ failure 14 (3.80) 48 (6.52) 0.064
Pulmonary infection 2 (0.54) 8 (1.09) 0.369
Cardiovascular complication 0(0) 2(0.27) 0.317
Nervous system complications 1(0.27) 0(0) 0.157
HCC recurrence 39 (10.60) 99 (13.45) 0.177

LDLT, living donor liver transplantation; DDLT, deceased donor liver transplantation; Gl, gastrointestinal; MELD, model for end-stage
liver disease; INR, international normalized ratio; AFP, a-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.
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Figure 1 Comparison of liver and kidney function after liver transplantation (I'T). The serum creatinine and serum alanine transaminase

(ALT) levels after LT (1 d, 7 d, 14 d and 30 d) were similar between the two groups (P>0.05).

group and 2.45% (18/736) in the S group (P=0.567). The
mean interval for the development of HBV recurrence was
24.90 (range, 7.43-48.55) months in the SF group and
26.28 (range, 11.28-52.83) months in the S group
(P=0.283) (Table 2). There were no significant differences
in 1-year, 3-year or 5-year overall HBV recurrence rates
(1.55% vs. 0.89%, 2.05% vs. 3.16% and 2.92% vs. 4.02%,
P=0.634) between the two groups.

HCC recurrence

There were no differences in 1-year, 3-year and 5-year
HCC recurrence rates between the S group and SF group
(9.64% vs. 6.46%, 16.08% vs. 13.01% and 17.90% vs.
16.60%, P=0.323) (Table 2).

Two hundred and forty patients in the S group and 479
patients in the SF group fulfilled the Milan criteria
(P=0.964). For patients who fulfilled the Milan criteria, the
1-year, 3-year and 5-year HCC recurrence rates (2.57% vs.
8.39%, 7.34% vs.13.50% and 8.66% vs. 14.55%, P=0.046)
were significantly lower in the SF group than in the S
group. The I-year, 3-year and 5-year HCC recurrence
rates (13.71% vs. 11.94%, 24.27% vs. 20.84% and 35.31%
vs. 24.33%, P=0.386) of patients exceeding the Milan
criteria showed no significant differences between the S
group (n=128) and the SF group (n=257).

Clinical factors related to tumor recurrence in steroid
avoidance recipients

Table 4 summarizes the characteristics of SF group. The
recipients who experienced more tumor recurrence were
younger, more with HBV DNA >1,000 copies/mL and
more beyond Milan criteria (P=0.028, P<0.001 and
P<0.001, respectively). Recipients’ age, HBV DNA >1,000
copies/mL and beyond Milan criteria were significantly
correlated to tumor recurrence in univariate analysis. They
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were entered into multivariate logistic regression (Table 5),
which indicates that the recipients with younger age [odds
ratio (OR), 1.053; P=0.011], preoperative HBV DNA >
1,000 copies/mL (OR, 2.597; P=0.004) and beyond Milan
criteria (OR, 4.255; P<0.001) were identified as the risk
factors associated with tumor recurrence in steroid
avoidance recipients after L'T.

Survival

Compared with the S group, the SF group showed
significantly higher OS (P=0.043) and TFS curves
(P=0.048) (Figure 2). For patients who fulfilled the Milan
criteria, the OS (P=0.013) and TFS (P=0.004) curves were
significantly higher in the SF group than in the S group
(Figure 34, B). For patients exceeding the Milan criteria,
the OS (P=0.945) and TFS (P=0.596) curves showed no
significant differences between the SF group and the S
group (Figure 3C, D).

We evaluated factors that influenced the OS and TFS
(Table 6). In the univariate analysis, steroid using (P=0.043
and P=0.048) and beyond Milan criteria (P<0.001 for both)
were significantly associated with recipient OS and TFS.
Factors associated with P<0.05 in the univariate analysis
were entered into a multivariate analysis using Cox
regression. In the multivariate analysis, recipient beyond
Milan criteria was an independent prognostic factor for OS
(OR, 1.690; P<0.001) and TFS (OR, 2.066; P<0.001) after
LT.

Other post-LT complications

Compared to the S group, the SF group was associated
with significantly lower incidences of NODM (21.20% vs.
33.29%, P<0.001), new-onset hypertension (NOH)
(10.05% vs. 18.61%, P<0.001) and hyperlipidemia (4.08%
vs. 7.20%, P=0.042) after L'T (Table 2).
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Table 2 Postoperative status of recipients
Postoperative status SF group (n=368) S group (n=736) P
Postoperative complications
Intra-abdominal bleeding 20 (5.43) 37 (5.03) 0.773
Biliary complication 41 (11.14) 80 (10.87) 0.892
Vascular complication 9 (2.45) 2 (2.99) 0.606
Primary graft nonfunction 5(1.36) 4 (1.90) 0.513
NODM 78 (21.20) 245 (33.29) <0.001
NOH 37 (10.05) 137 (18.61) <0.001
Cyclosporin A toxicity 0(0) 0(0) -
FK506 toxicity 12 (3.26) 8 (2.45) 0.432
Renal failure 9 (2.45) 208 (28.26) 0.790
Hyperlipidaemia 15 (4.08) 53 (7.20) 0.042
Hypercholesterolaemia 10 (2.72) 47 (6.39) 0.009
Pleural effusion 184 (50.00) 371 (50.41) 0.898
Pulmonary edema 11 (2.99) 2(1.63) 0.136
GVHD 0(0) 2(0.27) 0.555
PTLD 0(0) 00 -
Postoperative infection
Chest infection 72 (19.57) 122 (16.58) 0.219
Catheter sepsis 4 (1.09) 7 (0.95) 1.000
Urinary tract infection 2 (0.54) 5(0.68) 1.000
Wound infection 9 (2.45) 16 (2.17) 0.775
AR 41 (11.14) 58 (7.88) 0.074
Recurrent HBV
Recurrent hepatitis B 7 (1.90) 18 (2.45) 0.567
Recurrent hepatitis B time [median (range)] (month) 24.90 (7.43, 48.55) 26.28 (11.28, 52.83) 0.283
HCC recurrence
Total 39 (10.60) 99 (13.45) 0.177
1-year (%) 6.46 9.64 0.323
3-year (%) 13.01 16.08 0.323
5-year (%) 16.60 17.90 0.323
Within Milan 15 54 0.031
Beyond Milan 24 45 0.765
Recurrent HCC time [median (range)] (month) 23.82 (6.86, 48.13) 24.28 (8.68, 53.01) 0.523
Site of recurrent HCC
Liver 23 (6.25) 45 (6.11) 0.930
Thorax 27 (7.34) 4 (4.62) 0.063
Bone 5(1.36) 5 (2.04) 0.425
Brain 2 (0.54) 5 (0.68) 0.789

NODM, new-onset diabetes mellitus; NOH, new-onset hypertension; GVHD, graft versus host disease; PTLD, post-transplant
lymphoproliferative disorders; AR, acute rejection; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.
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n (%)
Immunosuppressant P
SF group (N=368) S group (N=736)
Induction
Cyclosporin A 14 (3.80) 15 (2.04) 0.084
Tacrolimus 210 (57.07) 431 (58.56) 0.635
MMF 231 (62.77) 296 (40.22) <0.001
Sirolimus 2 (0.54) 2(0.27) 0.604
Anti-CD25 antibody 164 (44.57) 298 (40.49) 0.196
Maintenance
Cyclosporin A 20 (5.43) 43 (5.84) 0.783
Tacrolimus 330 (89.67) 712 (96.74) <0.001
MMF 219 (59.51) 570 (77.45) <0.001

MMF, mycophenolate mofetil.

Discussion

Several IS protocols without steroids have recently been
reported in China (8,17,18); however, the majority of these
trials have been single-center research studies with small
numbers of cases. Our study was the first multiple-center
research focused on such a large number of HBV-related
HCC patients in China, leading to more accurate and
credible results.

As we know, the prevention of rejection is the initial
purpose of steroids use. Steroids inhibit prostaglandin
synthesis, inhibit IL-1 transcription and IL-1-dependent
lymphocyte activation, stabilize lysosomal membranes and
reduce histamine and bradykinin release (25). Therefore,
safety is the premise of a steroid-free IS regimen. Early
steroid avoidance in L'T showed a high incidence of AR
(26). Basiliximab is a chimeric monoclonal antibody with
high affinity for the CD25 chain of the interleukin-2
receptor. It has already been shown that addition of
basiliximab to conventional IS therapy provided increased
efficacy in reducing the incidence of AR, with no clinically
significant increases in adverse events (27,28). Basiliximab
at a dose of 20 mg on d 0 and d 4 achieved consistent
suppression of CD25 for a period of 30 to 45 d, without the
risk of prolonged immunosuppression (29). In the present
study, we also used basiliximab in the SF group and
detected no difference in AR rate between the two groups,
which is consistent with most previous studies (30,31).

A multicenter study provided evidence that steroids play
an important role in HCC tumor recurrence after L'T (10).
Steroids may contribute to tumor recurrence. The
potential mechanism for steroids contributing to tumor
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recurrence may be that steroids might reduce the potency
of immune inflammatory response or inhibit malignant-cell
apoptosis and promote migration of these cells (32-34).
Although in the present study, the tumor recurrence rates
in the S group were not higher than those in the SF group,
we found in patients within the Milan criteria, both the OS
and TFS rates were higher in patients receiving steroid-
free immunosuppression compared with those using steroid
protocols. On the other hand, there were no differences of
both the OS and TFS curves between the patients beyond
Milan criteria with or without steroid treatment. This
result indicated that Milan criteria maybe an important
factor that affecting recipient’s prognosis. Our multivariate
analysis showed recipient beyond Milan criteria was an
independent prognostic factor for OS and TFS after LT
which confirmed the above hypothesis.

In this study, we observed that the HBV recurrence was
more than double in the steroid group, although there were
no statistically significant differences. This may be due to,
at least in part, different samples sizes. How certain IS
regimens influence HBV recurrence is not clear. There has
been consideration that steroid-free IS therapy in HBV
patients results in better long-term outcomes regarding
HBV recurrence. A multicenter study from South Korea
showed that the cumulative steroid dose was a risk factor
for HBV recurrence, which could be explained by HBV
having a corticosteroid receptor that promotes virus
replication (35). Currently, most of the researches on
steroid-free have been nonrandomized and retrospective,
inevitably having some flaws. Further larger prospective,
randomized studies are required to understand the
underlying molecular mechanisms that influence how
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Table 4 Univariate analysis of tumor recurrence in SF group

433

- n (%)
Characteristics P
Recurrence (N=39) Non-recurrence (N=329)

Age [median (range)] (year) 47.6 (42.3, 53.2) 51.0 (44.5, 57.0) 0.028
Male 37 (94.87) 295 (89.67) 0.402
Donor type 0.637

LDLT 2 (5.13) 1(3.34)

DDLT 37 (94.87) 318 (96.66)
Hepatic encephalopathy 0(0) 3 (3.95) 0.376
Intractable ascites 16 (41.03) 97 (29.48) 0.140
Hepato-renal syndrome 0(0) 4 (1.22) 1.000
Gl bleeding 0 (0) 13 (3.95) 0.376
Spontaneous bacterial peritonitis 1(2.56) 6(1.82) 0.547
Diabetes mellitus 3 (7.69) 8 (5.47) 0.478
Hypertension 3 (7.69) 9 (8.81) 1.000
MELD 10 (8, 15) 1(8, 14) 0.739
Total bilirubin [median (range)] (mg/dL) 1.23 (0.76, 2.40) 1.51 (0.88, 2.57) 0.398
Serum creatinine [median (range)] (mg/dL) 0.78 (0.66, 0.95) 0.78 (0.65, 0.90) 0.932
INR [median (range)] 1.21 (1.10, 1.64) 1.24 (1.09, 1.45) 0.866
AFP [median (range)] (ng/mL) 95.97 (14.07, 355.10) 56.00 (10.00, 240.79) 0.612
HBV DNA levels at LT

>1,000 copies/mL 7 (43.59) 5(16.72) <0.001
Milan criteria <0.001

Within Milan 15 (38.46) 225 (68.39)

Beyond Milan 4 (61.54) 104 (31.61)
TNM tumor stage for HCC 0.537

Stage | 8 (20.51) 101 (30.70)

Stage Il 18 (46.15) 140 (42.55)

Stage I 12 (30.77) 77 (23.40)

Stage IV 1 (2.56) 1(3.34)
Immunosuppressant post-LT

Cyclosporin A 2 (5.13) 2 (3.65) 0.648

Tacrolimus 23 (58.97) 187 (56.84) 0.780

MMF 29 (74.36) 202 (61.40) 0.113

Sirolimus 0(0) 2 (0.61) 1.000

Anti-CD25 antibody 13 (33.33) 151 (45.90) 0.136

LDLT, living donor liver transplantation; DDLT, deceased donor liver transplantation; Gl, gastrointestinal; MELD, model for end-stage
liver disease; INR, international normalized ratio; AFP, a-fetoprotein; HBV, hepatitis B virus; LT, liver transplantation; HCC, hepatocellular

carcinoma; MMF, mycophenolate mofetil.

certain IS regimens influence HBV recurrence in the

transplant recipients.

In this study, the SF group is an independent sample. All

the recipients in S group were matched with those in SF
group, so the S group is not an independent sample. This is
the reason why a multivariate analysis is carried out only in

© Chinese Journal of Cancer Research. All rights reserved.

SF group. The result indicates that age, pretransplant HBV
DNA level and Milan criteria were identified as the major
risk factors associated with tumor recurrence in steroid
avoidance recipients after L'T. Younger age was related to
early recurrence after curative resection in HCC in some
researches but not independent risk factor (36). While in

Chin J Cancer Res 2017;29(5):426-437
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Table 5 Factors independently associated with tumor recurrence in SF group

Variables Wald Chi-square P OR 95% ClI

Younger recipient -0.08 0.011 1.053 1.012-1.096
HBV DNA >1,000 copies/mL -0.96 0.004 2.597 1.368-4.926
Beyond Milan criteria -1.45 <0.001 4.255 2.198-8.197

HBV, hepatitis B virus; OR, odds ratio; 95% ClI, 95% confidence interval.
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Figure 3 Comparison of overall survival and tumor-free survival of the patients who fulfilled (A, the log-rank test, P=0.013; B, the log-rank
test, P=0.004) and exceeded the Milan criteria (C, the log-rank test, P=0.945; D, the log-rank test, P=0.596).

another study, age >57 years was an independent predictor
of HCC recurrence after LT (37). The analysis in our
study is based on steroid avoidance, which is different from
the above studies. The role of age in HCC recurrence of
steroid avoidance recipients should be further resolved.

Accumulating evidence has shown that for patients with

© Chinese Journal of Cancer Research. All rights reserved.

HBYV infection, high serum HBV DNA level before tumor
resection is a strong predictor of HCC recurrence (38-40),
which is consistent with our finding. Exceeding Milan
criteria has proven to be a discerning prognostic tool in the
prediction of HCC recurrence after L'T. The results

suggest that these three factors should be got into account

WWW.cjcren.org Chin J Cancer Res 2017;29(5):426-437
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Table 6 Univariate and multivariate analysis for factors affecting survival after LT
oS TFS
Variables Univariate Multivariate Univariate Multivariate
P OR (95% CI) P P OR (95% CI) P

Recipient age =50 year 0.071 0.656

HBV DNA >1,000 copies/mL 0.579 0.517

Steroid using 0.043 0.053 0.048 0.394

Beyond Milan criteria <0.001 1.690 <0.001 <0.001 2.066 <0.001

(1.288-2.218)

(1.478-2.887)

LT, liver transplantation; OS, overall survival; TFS, tumor-free survival; OR, odds ratio; 95% CI, 95% confidence interval; HBV,

hepatitis B virus.

in our choice of no steroid recipients.

Reducing the metabolic complications that otherwise
increase the risk of morbidity and mortality from
cardiovascular events is another main objective of steroid-
free IS regimens (11). As in previous studies, the avoidance
of steroids resulted in a significant reduction in the
incidences of NODM, post-transplant hypercholesterolemia
and hypertriglyceridemia (41). Comparing the rates of all
metabolic side effects (NODM, dyslipidemia and NOH),
there was a trend toward more metabolic impairment in the
S group, compared to the SF group. This finding might
constitute evidence that steroid avoidance is beneficial for
long-term metabolism following L'T, compared to delayed
steroid reduction.

Conclusions

Steroid-free immunosuppression could be safe and feasible
for HBV-related HCC patients in LT. Age, HBV DNA
level and Milan criteria may be risk factors associated with
tumor recurrence in steroid avoidance recipients. Recipient
beyond Milan criteria was an independent prognostic factor
and recipient fulfilling Milan criteria can benefit the most
from steroid-free immunosuppression.
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