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Abstract. Although liver transplantation (LT) lengthens 
the survival time of patients with hepatocellular carcinoma 
(HCC), LT patients exhibit a high recurrence rate; particularly 
those that had advanced HCC associated with the tumor 
biological characteristics and long‑term application of 
immunosuppressants. A consensus on optimal prophylaxis 
and treatment for recurrent HCC following LT does not 
currently exist. The present study retrospectively analyzed 
data from 36 non‑University of California at San Francisco 

criteria‑eligible patients with advanced HCC who underwent 
LT, and then treated them with sirolimus (SRL)‑based therapy 
with thymalfasin and huaier granules (SRL+, n=18), or with 
tacrolimus‑based therapy (controls; n=18). The SRL+ group 
had significantly longer recurrence times (P=0.008) and 
survival times (P<0.0001) (OS, 1‑year: 100%, 3‑year: 94.4%, 
5‑year: 77.8%; DFS, 1‑year: 88.9%, 3‑year: 55.6%, 5‑year: 
50.0%). Furthermore, compared with pre‑LT values and the 
control group, the SRL+ group had significantly lower serum 
α‑fetoprotein (AFP) levels (both P<0.0001) and percentage 
of Forkhead box P3 (FoxP3)+ Treg lymphocytes (P<0.001) 
during the first year. In the SRL+ group, FoxP3+/cluster of 
differentiation (CD)8+ Treg lymphocyte percentages decreased 
significantly following LT (P<0.001); however, CD8+/CD3+ 
T‑cells significantly increased (P<0.001). Levels of serum 
AFP and FoxP3+ Treg cells increased when tumors relapsed, 
and decreased to near‑normal when relapse foci were cured 
or stabilized. SRL+ therapy may decrease AFP and Treg 
levels, while increasing CD8+ T cells, indicating an associ-
ated mechanism among them. In conclusion, SRL+ therapy 
appears to be safe and effective in preventing HCC recurrence 
following LT with no significant adverse events, and warrants 
further investigation.

Introduction

Liver transplantation (LT) is currently the most viable and 
effective treatment option for patients with hepatocellular 
carcinoma (HCC) except for surgical resection, thus it may be 
used for patients where resection is not an option (1). Although 
the implementation of the Milan and University of California at 
San Francisco (UCSF) criteria has improved post‑LT survival 
rates, patients who do not fit the UCSF criteria currently 
undergo LT worldwide (2,3). LT for HCC has an associated 
high recurrence rate, particularly for patients with advanced 
disease (10‑60%), in addition, the overall survival (OS) and 
disease‑free survival (DFS) rates for post‑LT patients are also 
higher (LT, OS vs. DFS, 70‑98% vs. 27‑35%), compared with 
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those who undergo liver resection (LR OS vs. DFS, 60‑72% vs. 
18‑37%) (3‑7). Furthermore, no consensus on the most suitable 
prophylaxis and treatment for recurrent HCC following LT 
is currently available. Although sorafenib has demonstrated 
efficacy for tumor recurrence (1,2,8,9), the results are unsat-
isfactory, with a challenging adverse event profile  (10,11). 
Sorafenib also exhibits less favorable results in Asian patients 
compared with European patients (9,10).

FK506 is an immunosuppressor that works by inhibiting 
calmodulin (12). It is currently used in LT patients, and is 
extensively used in post‑LT patients with benign liver disease. 
However, long‑term application of FK506 increases the risk 
of infection and de novo tumors, and particularly contributes 
to tumor relapse in post‑LT patients with HCC (13‑15). Until 
the introduction of sirolimus (SRL) being used with organ 
transplantations, there were no replacement drugs to overcome 
the effects of long‑term use of FK506 (15,16). Accumulating 
evidence supports the clinical safety and efficacy of immuno-
suppressant selection, and replacing FK506 therapy with SRL 
following LT for patients with HCC (13,15‑17). Additionally, 
SRL offers a dual function, as it acts as an efficacious immu-
nosuppressor and an antineoplastic agent  (13,18,19), and 
therefore, may effectively reduce graft rejection and reduce 
the high relapse risk associated with long‑term application of 
FK506.

When combined with SRL, huaier granules (PS‑T), a type 
of traditional Chinese medicine (TCM), have been demon-
strated to inhibit tumor growth, reduce vascular endothelial 
growth factor expression, and improve survival rates in patients 
with HCC (8,18‑22). As an immunomodulator, thymalfasin 
(also known as Zadaxin) promotes maturation and differen-
tiation of T cells and NK cells by affecting tumor‑cell‑related 
antigen expression and differentiation, and increasing tumor 
immunogenicity; it has been demonstrated to be safe for 
post‑LT patients with HCC, with no increased risk of rejec-
tion (23,24). Although monotherapy with SRL led to rather 
effective results, no relevant research has been published on 
combining SRL, PS‑T and thymalfasin. Although the appli-
cation of SRL and huaier, thymalfasin and huaier, or single 
therapy, has been studied (16‑18,20), their effects are limited 
in patients with LT, and there were fewer studies regarding 
patients following LT (16,20). Therefore, to improve survival 
and decrease recurrence rates, the effectiveness of a combined 
therapy based on SRL, thymalfasin and PS‑T for LT patients 
with advanced HCC was investigated. In consideration of the 
aforementioned background information, tumor recurrence 
rates following LT at the Organ Transplant Institute of the 
Chinese PLA 309th Hospital (Beijing, China) were retrospec-
tively analyzed to provide a potentially efficacious treatment 
for these patients.

Materials and methods

Patients and groups. Clinicopathological data were collected 
from the China Liver Transplant Registry database regarding 
36 HCC patients who did not fit the UCSF Criteria, and 
who had undergone LT at the Organ Transplant Institute of 
the Chinese PLA 309th Hospital between January 2008 and 
January 2014, including Model for End‑Stage Liver Disease 
(MELD) scores, Child‑Pugh scores, liver function tests 

[alanine aminotransferase (ALT), bilirubin (BIL), alkaline 
phosphatase (ALP), γ‑glutamyltransferase (γ‑GGT)] and 
serum α‑fetoprotein (AFP) levels (Table I).

Patients were divided into two groups: The group treated 
with SRL, Zadaxin and PS‑T (SRL+; n=18; 17 men and 
1 woman; median age, 53.94 years); and the control group 
(n=18; 15 men and 3 women; median age, 49.72 years). The 
present study was approved by the Ethics Committee of 
Human Experimentation of the PLA 309th Hospital (Beijing, 
China). Written informed consent was obtained from all 
patients in accordance with the Declaration of Helsinki of the 
World Medical Association.

Inclusion and exclusion criteria. The inclusion criteria were 
as follows: i) Patients in whom liver malignancy was detected 
by at least an enhanced computed tomography (CT) scan or 
magnetic resonance imaging scan and abdominal ultrasound 
(MRI/US) and postoperative tissue biopsies had been patho-
logically confirmed to be HCC; ii) whose AFP levels were 
≥1,000 ng/ml, or maintained at 400‑1,000 ng/ml for 4 weeks; 
iii) were 30‑65 years old; iv) had no distant metastases (e.g. 
lung, bone); and v) had undergone LT at the Organ Transplant 
Institute of the Chinese PLA 309th Hospital. The following 
exclusion criteria were maintained: i)  Patients in whom 
preoperative CT or MRI/US indicated current malignant liver 
tumors and postoperative tissue biopsies had been patho-
logically confirmed to be cholangiocarcinoma; ii) who were 
>65 years or <30 years; iii) with distant metastases (e.g. lung, 
bone); iv) were confirmed to have hepatitis C virus (HCV) 
infection or alcoholic liver disease (ALD); or v) had concur-
rent severe cardiopulmonary disease or the inability to tolerate 
surgery.

Intra‑ and post‑operative examining. Preoperative demo-
graphical, clinical (MELD and Child‑Pugh scores) and 
laboratory data were recorded for these patients. Patients 
underwent plain/enhanced CT scan or MRI/US within 1 week 
before the surgery. Pathology diagnoses were considered 
definitive for HCC. Pathological data were considered as the 
standard for tumor characteristics. Microvascular invasion and 
tumor differentiation were also assessed by pathology.

Blood cell tests, including blood and liver function tests, is 
part of the routine work‑up for patients with HCC who undergo 
LT. The Fork head box P3 (FoxP3)+ Treg and cluster of differ-
entiation (CD)8+ T cell percentages was calculated by flow 
cytometry. Tumor markers were recorded prior to and following 
surgery. In addition, hepatitis B virus (HBV) infection was 
quantitatively detected prior to LT and HBV‑DNA copies were 
assessed for HBV+ patients.

Intra‑ and post‑operative treatment. Basiliximab (20 mg) 
(Simulect; Novartis International AG, Basel, Switzerland) 
and methylprednisolone (40  mg) (Pfizer, Inc., New York, 
NY, USA) were used as pre‑ and intra‑operative induction 
regimens. Small doses of methylprednisolone were given 
post‑operatively (20 mg on day 1, 10 mg on day 2 and 5 mg 
on day 3, once a day, for the first 3 days following LT for both 
groups) and withdrawn 1 week following LT. In addition, an 
immunosuppression regimen, including tacrolimus (FK506; 
Astellas Ireland Co., Ltd., Dublin, Ireland), with or without 
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mycophenolate mofetil (Roche Applied Science, Madison, 
WI, USA), was initially administered based according to 
individual differences; FK506 was gradually withdrawn and 
completely replaced with sirolimus (Wyeth Pharmaceuticals 
Co. Ltd., Philadelphia, PA, USA) a month after LT. Patients 
were then switched to SRL combined with Zadaxin and PS‑T 
(SRL+) following stabilization.

The thymalfasin (Zadaxin) (SciClone Pharmaceuticals, 
Inc., Foster City, CA, USA) was administrated as a 16‑mg 
subcutaneous injection/day for 10 days, and then twice a week; 
the PS‑T (Qidong Gaitianli Pharmaceutical Co., Ltd., Qidong, 
China) was administrated orally thrice a day (20 g/day) for 
≥5 year later.

For the HBV+ patients, anti‑viral drugs, including lamivu-
dine or entecavir, and injection of hepatitis B immune globulin 
were regularly administered following LT to prevent hepatitis 
B recurrence.

Of the 36 patients whose advanced HCC was treated with 
LT, 18 were treated with SRL+ and 18 were treated with an 
FK506‑based regimen.

Follow up. The patients underwent follow‑up procedures 
immediately following LT. All patients were required to be 
evaluated monthly during for the first 12 months post‑LT, 
(including plain/enhanced CT scans, abdominal ultrasound, 
FoxP3+ Treg and CD8+ T cell percentages and serum AFP 
levels), then every 3 months during the second year, then every 
3‑6 months or when necessary in the following years. For this 
study, each follow‑up session also included physical examina-
tions, and the collection of data regarding rejection, survival 
time, tumor recurrence sites, routine blood and liver function 
tests, SRL concentration and HBV surface antibody titers.

If patients exhibited suspicious liver, lung or brain lesions, 
as indicated by imaging and blood testing, follow‑up intervals 

Table I. Comparison of general data between the treatment and control groups.

Characteristics	 Treatment group (n=18)	 Control group (n=18)	 P‑value

Sex			   0.603a

  Male	 17	 15	
  Female	 1	 3	
Age (years)	 53.94±7.40	 49.72±7.00	 0.087a

MELD			   0.533c

  0‑10	 12	 10	
  10‑20	 6	 7	
  >20	 0	 1	
Child‑Pugh			   0.531c

  A (5‑6)	 11	 9	
  B (7‑9)	 7	 8	
  C (≥10)	 0	 1	
AFP preoperative (ng/ml)			   0.489b

  400‑1,000	 8	 5	
  >1,000	 10	 13	
HBV			   0.614b

  Positive	 16	 17	
  Negative	 2	 1	
ALT (ng/ml)			   0.738b

  <40	 9	 7	
  ≥40	 9	 11	
Bilirubin (ng/ml)			   0.519b

  <34	 8	 6	
  ≥34	 10	 12	
Cr (ng/ml)			   0.282b

  <90	 15	 12	
  ≥90	 3	 6	
White protein (g/l)			   0.176b

  ≤35	 8	 13	
  >35	 10	 5	

aP‑value from Student' t‑test; bP‑value from Fisher's exact test; cP‑value from analysis of variance with Tukey's post‑hoc test. AFP, α‑fetoprotein; 
ALT, alanine transaminase; Cr, creatinine; MELD, Model for End‑Stage Liver Disease; HBV, hepatitis B virus.
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were reduced to once a month. The date of tumor recurrence 
was recorded as the time the FoxP3+ Treg level began to 
elevate, once tumor recurrence was verified. Except for the 
bone metastasis and progression of growth, patients with 
other recurrent lesions were treated by γ‑radiation therapy 
or radiofrequency ablation (RFA)/resection (lung), RFA or 
transcatheter hepatic arterial chemo‑embolization (liver) or 
resection (brain). Adverse events were also evaluated at each 
visit for the SRL+ group. The follow‑up deadline was July 31, 
2017.

Flow cytometric analysis. Analysis of the Foxp3+Treg, 
CD3+CD4+, and CD3+CD8+T cell populations was performed 
for patients prior to and following LT at different time points. 
The analysis of Foxp3+Treg was performed using anti‑CD4, 
anti‑CD25 and anti‑FoxP3 antibodies (pre‑diluted and 
contained in the Multitest IMK kit from eBioscience; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), and the analysis 
of the lymphocyte subpopulation was performed using the 
Multitest IMK kit (BD Biosciences, USA) according to the 
manufacturer's protocol. All the samples were detected 
and analyzed with BD FACSCanto clinical software (BD 
Biosciences). The specific testing steps as follows: 

FoxP3+Treg detection was conducted with the following 
procedure: i) A total of 4 µl anti‑CD4 and 4 µl anti‑CD25 
antibodies were added and incubated for 15 min at room 
temperature, avoiding light; ii)  1  ml mixture containing 
Fixation/permeabilization concentrate (250  µl) and 
Fixation/permeabilization diluent (750 µl) (contained in the 
Foxp3/Transcription Factor Staining Buffer Set kit; catalog 
no.  00‑5523‑00; eBioscience; Thermo Fisher Scientific, 
Inc.) were mixed in a 1:3 ratio and added and incubated for 
30 min at room temperature according to the manufacturer's 
protocol, avoiding light; iii) 1 ml 1X permeabilization buffer 
(eBioscience; Thermo Fisher Scientific, Inc.) was added and 
incubated for 20 min at room temperature, in the dark iv) then, 
centrifugation was performed at 435 x g/min for 5 min at 
room temperature and the supernatant was removed; v) 2 µl 
anti‑FoxP3 antibodies were added and incubated for 60 min at 
room temperature, avoiding light; vi) 1 ml 1X PBS was added 
and centrifuged at 435 x g/min for 5 min at room tempera-
ture; and vii), the supernatant was removed and detection 
was conducted with a Flow Cytometer. CD3/CD4/CD8 T cell 
detection was then conducted with the followed procedure: 
i) A total of 5 µl BD multitest CD3/CD8/CD45/CD4 anti-
bodies and 5 µl BD multitest CD3/CD16+CD56/CD45/CD19 
antibodies (BD Biosciences) were added and incubated for 
15 min at room temperature, avoiding light; ii) 1 ml 1X Lysing 
solution (BD Biosciences) was added and incubated for 30 min 
at room temperature, avoiding light; iii) then, centrifugation 
was performed at 435 x g/min for 5 min at room temperature 
and the supernatant was removed; iv) 1 ml 1X PBS was added 
and centrifuged at 435 x g/min for 5 min at room temperature; 
v) the supernatant was removed detection was conducted with 
a Flow Cytometer.

Statistical analysis. Statistical analysis was performed using 
SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). Data are 
presented as the mean ± standard deviation. The two groups 
were compared using the unpaired Student's t‑test, Fisher's 

exact test or the Chi‑square test. For multiple group compari-
sons using a two‑way analysis of variance followed by Tukey's 
post hoc test. For non‑normal distribution data the Wilcoxon 
rank‑sum test was used. Patient and graft survival were calcu-
lated using Kaplan‑Meier curves and the log‑rank test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Patient characteristics. Following the exclusion of patients 
with HCV infection or ALD, or who met the UCSF criteria, 
36 patients were included in the present study. Among these 
patients, 91.7% (33/36) were HBV+, with 44.5% (16/36) in the 
treatment group and 47.2% (17/36) in the control group. The 
SRL+ and control groups did not significantly differ in sex or 
age, or in baseline MELD or Child‑Pugh scores, preoperative 
AFP or liver function (Table I).

All the patients had pathologically diagnosed HCC 
following their LT, based on their liver specimens. The 
tumor‑associated indices [tumor type (single or multiple), size, 
vascular invasion and pathological pattern] of the two groups are 
presented in Table II. All patients underwent LT for advanced 
liver cancer at the Organ Transplant Institute of the Chinese 
PLA 309th Hospital and were discharged following recovery. 
Patients were followed up directly following their surgeries; 
none dropped out during the follow‑up time. Median follow‑up 
time for the SRL+ group was 60 months (range, 47‑84 months) 
excluding 1 case of mortality at 23 months; whereas for the 
control group, the median period was 15.5 months (range, 
9‑24 months) until the mortality of all patients.

Liver function and rejection. The indices ALT, TBIL, DBIL, 
ALP and γ‑GGT are used to evaluate liver function and 
rejection. Whether preoperative liver function was abnormal 
or not, all the aforementioned indices typically decrease to 
normal levels postoperatively and remain in near‑normal 
ranges unless rejection occurs (Table III). The SRL+ group 
did not vary from this pattern. The two groups did not 
significantly differ in rejection rates (SRL+, 2/18; controls, 
4/18; P>0.05). All the rejection cases were treated following 
adjustment of immunosuppressant dosages and glucocorticoid 
pulse therapy. No evident rejection reactions were caused 
by Zadaxin or SRL‑based therapy throughout the follow‑up 
period.

Imaging detection. All patients underwent regular ultraso-
nography and CT scans (lung and abdomen), no remarkable 
changes were observed in the bloodstream, bile duct or solid 
tissue of the liver and lung, except in cases of recurrence. 
Among the recurrent patients, compared with the control 
group, the metastasis and relapse foci in lung were signifi-
cantly reduced in the SRL+ group (Fig. 1). In addition, no 
metastasis and relapse liver foci were detected for the lung 
relapse patients of the SRL+ group (Fig. 2).

AFP levels pre‑ and post‑ LT. The positive rate of liver 
cancer‑specificity tumor marker, AFP, is >70% among patients 
with liver cancer. Preoperative AFP levels of all 36 patients 
were positive, and did not significantly differ between the 
SRL+ and control groups (Fig. 3A), but did significantly differ 
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at 1 year post‑LT (Fig. 3A). Post‑LT AFP titers in the SRL+ 
group dropped and were maintained at normal levels for a 
long time, although for the recurrent patients, the AFP titers 
may remain at low levels (<400 ng/ml) or decline to normal for 
some time (Fig. 3B and C). Furthermore, the tumor recurrence 
time of the SRL+ group was significantly longer, compared 
with the control group (Fig. 3D).

T‑cell‑associated indices. In addition to AFP, Tregs, particu-
larly Foxp3+ Tregs, are negatively correlated with prognosis 
in patients with HCC, and have been used as an independent 
predictor of tumor recurrence (20). The percentage of Treg 

(Treg%) and Foxp3+ Treg (Foxp3+ Treg%) among lympho-
cytes, and the ratios for CD8+T/CD3+ T cells and for FoxP3+ 
Treg/CD8+ T cells at 1, 3 and 5 years after LT were used to 

Figure 1. Lung metastases and relapse foci (red arrows) in relapsed treat-
ment‑group patients.

Table II. Comparison of clinicopathological characteristics of two groups (n=36).

Variables	 Combined group (n=18)	 Control group (n=18)	 P‑value

Tumor size, mm (SD)c	 92 (38)	 72 (36)	 0.057a

Tumor type, n (%)			 
  Single	 4 (22)	 10 (56)	 0.086b

  Multiple	 14 (78)	 8 (44)	
Tumor pathology, n (%)			 
  HCC	 9 (50)	 7 (39)	 0.738b

  HCC with cirrhosis	 9 (50)	 11 (61)	
Macroscopic vascular invasion, n (%)	 8 (44)	 9 (50)	 0.753b

aP‑value from Student' t‑test; bP‑value from Fisher's exact test; cSum of the maximum diameters of up to 30 mm lesions. HCC, hepatocellular 
carcinoma; SD, standard deviation.

Table III. Comparison of liver function in different time points following sirolimus‑based therapy.

Variables	 1 year	 2 years	 3 years	 F	 P‑value

ALT (0‑40 U/l)	 15.97±6.79	 14.74±9.69	 14.62±5.35	 0.116	 0.891
TBIL (0‑21 µmol/l)	 13.84±6.48	 13.91±3.96	 16.58±2.67	 0.541	 0.587
DBIL (0‑6.8 µmol/l)	 3.18±1.89	 4.20±2.18	 4.06±1.49	 1.077	 0.353
ALP (40‑150 U/l)	 87.57±32.66	 88.18±23.99	 110.8±9.83	 1.442	 0.252
γ‑GGT (8‑58 U/l)	 42.79±23.79	 35.63±14.92	 50.40±14.02	 0.988	 0.384

All P‑values were calculated using the Wilcoxon rank sum test. ALT, alanine transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; ALP, 
alkaline phosphatase; γ‑GGT, γ‑glutamyl transpeptidase. 

Figure 2. Liver computed tomography scan results for the lung‑relapse 
patients in the treatment group.
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evaluate anti‑cancer effects and predict survival benefits. 
Preoperative Treg%, Foxp3+ Treg% and FoxP3+ Treg/CD8+ 
T cell ratios were significantly higher at 1, 3 and 5 years 
compared with immediately following treatment (all P<0.05; 
Fig. 4; Table IV). Furthermore, the association of CD8+T/CD3+T 
preoperatively and postoperatively at different time points was 
indirect (Table IV). Compared with the preoperative result, 

as the level of Foxp3+ Treg% gradually reduced, the level of 
CD8+T/CD3+T increased gradually. This indicated a direct 
association between the reduced level of FoxP3+ Treg and the 
reduced T cell inhibition.

Higher FoxP3 titers in relapsed patients gradually 
decreased to levels observed in non‑relapsed patients following 
γ‑radiation and SRL‑based therapy (Fig. 5).

Figure 4. Changes in Treg and Foxp3+ Treg percentages, pre‑LT and post‑LT. (A) Pre‑LT Treg and Foxp3+ Treg percentages of lymphocytes (Treg, 15%; Foxp3+ 
Treg, 1.21%). (B) Percentages of Treg and Foxp3+ Treg in lymphocytes at 1 year post‑LT (Treg, 5.9%; Foxp3+ Treg, 0.63%). FoxP3, Forkhead box P3; LT, liver 
transplantation; FITC, fluorescein isothiocyanate; PE, phycoerythrin; CD, cluster of differentiation; SSC, side scatter height; FSC, forward scatter height; 
APC, allophycocyanin.

Figure 3. Serum AFP and recurrence times for the treated (SRL+) and control groups, prior to and following LT. (A) Serum AFP changes in SRL+ and control 
groups at pre‑LT and post‑LT. (B) Serum AFP changes of non‑recurrent cases following SRL+ therapy after LT. (C) Tumor recurrence times in SRL+ and 
control groups. (D) Serum AFP changes for recurrent cases following SRL+ therapy. Treatment gr., SRL+ group; control gr., control group; AFP, α‑fetoprotein; 
SRL, sirolimus; SRL+, SRL combined with Zadaxin and huaier granules; LT, liver transplantation; NS, not significant.
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Tumor recurrence and treatment. After 12 months, 4 patients 
in the SRL+ group had suffered tumor recurrences; of whom 
2 had pulmonary metastases, but no liver recurrence or other 
metastases. Another patient was identified to have pulmonary 
metastases at 18 months after LT. The patient obtained survival 
benefits with tumor silencing without progression following 
γ‑radiation therapy; unfortunately, the patient was diagnosed 
with brain metastases 50 months after LT, but survived well 
after resection of the metastases (Table V).

Notably, although 1  patient with multiple recurrences 
succumbed from tumor complications, the others achieved a 
good quality of life and survived well after γ‑radiation therapy 
when the data were collected (Table V). The higher AFP and 
FoxP3 levels in relapsed patients also declined to near‑normal 
levels, similar to those of non‑relapsed patients (Fig. 5). By 
contrast, 10 control patients (10/18) had tumor recurrences 
during the first 3 to 12 months post‑LT, and the other 8 had 
recurrences at 12 to 15  months; even following positive 
γ‑radiation therapy and chemotherapy, all the patients in the 
control group succumbed within 24 months from multiple 
tumor metastases and resulting complications. 

Survival benefits. In addition to the recurrent patients, other 
patients of the SRL+ group survived well past‑transplantation 
till the deadline of data collection. The respective 1‑year OS 
and DFS rates were 100 and 88.9% for the SRL+ group, and 
77.8 and 22.2% in the control group. Whereas none of the 
control patients lived >2 years post‑LT, the OS rates at 3 and 
5 years 94.5 and 77.8%, respectively in the SRL+ group. In 
addition, the DFS rates at 3 and 5 years were 55.6 and 50.0% 
in the SRL+ group, respectively. The survival curves demon-
strated that the SRL+ group had a significantly longer survival 
time (P<0.001) compared with the control group, although the 
groups did not significantly differ in baseline values that influ-
ence patient survival, including age and rejection rate (Fig. 6).

Discussion

LT is the currently only effective treatment for advanced 
liver cancer, and may improve patient prognosis and quality 
of life. However, patients who undergo LT have a high risk 
of tumor recurrence due to long‑term use of FK506; whereby 
subsequent administration of immunosuppressive drugs may 
accelerate the risk of mortality  (1‑3,25). Although current 
treatments for post‑LT recurrence in patients with advanced 

HCC has limited efficacy (2,5,8‑11), the recent ‘SiLIVER’ 
study demonstrated that SRL may act as an efficacious immu-
nosuppressive drug and an antineoplastic agent for LT patients, 
with favorable clinical safety and efficacy comparable to that 
of FK506 (13). This trial indicated that switching to SRL from 
FK506 following LT significantly improved the survival rates 
for patients with HCC in the first 3 to 5 years, particularly 
among low‑risk patients, including those who meet the Milan 
criterion (13). It also provided the first high‑level evidence for 
selecting SRL‑based immunosuppression in LT recipients 
with HCC (13). Similarly, this retrospective analysis of the 
combined application of SRL, Zadaxin and PS‑T has revealed 
promising results with long‑term survival and low relapse 
rates.

Despite the high recurrence rate of HCC following LT 
(10‑60%), OS and DFS rates are hopeful, at 70‑98% and 
60‑72%, respectively, following LT  (3‑4,7,13,16,26). The 
present study demonstrated that the SRL‑based therapy 
improved post0LT survival and decreased recurrence rates 
compared with the control group (OS, 1‑year: 100%, 3‑year: 
94.4%, 5‑year: 77.8%; DFS, 1‑year: 88.9%, 3‑year: 55.6%, 
5‑year: 50.0%). Furthermore, the tumor recurrence rate in 
the present study was 11.1 and 22.2% for 1 and 3  years, 
respectively, and there were no new relapse cases beyond 
3 years.

Although single applications of SRL are reportedly effec-
tive in preventing post‑transplantation recurrence (13,16), they 
were only 10‑30% effective for patients who met the Milan 
criteria (8,13). Excessive SRL doses also have serious side 
effects, including myelosuppression, thrombocytopenia and 
interstitial pneumonia, which are not observed with FK506 
treatment (8,18). In the present study, it was indicated that the 
therapeutic concentration of SRL does not rely on drug dosage, 
but primarily on liver and renal function, rejection status and 
anti‑tumor effect. Therefore, it is suggested that serum SRL 
levels should be maintained at ≤10 ng/ml to avoid severe 
adverse reactions. Furthermore, as FK506 and SRL doses are 
collocated regularly, FK506 should be gradually withdrawn, 
starting during the second month after LT.

Research on anticancer TCM for solid malignant 
tumors is increasing and yielding promising findings. 
Trametes robiniophila Murr. has been used for >1,600 years 
in TCM practice as a medicinal fungus for the treatment of 
inflammation and cancer in China (22,27), and the TCM PS‑T 
has been used as an adjuvant drug for chemoradiotherapy, with 

Table IV. Changes in T cell‑associated tumor recurrence index in treatment group at different time points.

Variables	 n=36	 Foxp3+ Treg %a	 F‑value	 CD8+T/CD3+Ta	 F‑value	 FoxP3+ Treg/CD8+Ta	 F‑value

Pre‑LT	 18	 1.23±0.35	 62.11	 0.31±0.07	 9.16	 0.07±0.02	 83.89
Post‑LT (1 year)	 18	 0.38±0.16		  0.47±0.15		  0.02±0.01	
Post‑LT (3 year)	 17	 0.36±0.14		  0.43±0.08		  0.012±0.005	
Post‑LT (5 year)	 10	 0.29±0.15		  0.47±0.06		  0.014±0.004	

aP<0.01, compared with pre‑LT level, the P‑values were calculated using the Wilcoxon rank sum test. Pre‑LT, pre‑liver transplant; post‑LT, 
post‑liver transplant; FoxP3, Forkhead box P3; CD, cluster of differentiation. 
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good clinical efficacy against liver, lung, gastric and breast 
cancer (22,27‑29). PS‑T has been revealed to be a multitarget 

drug with proteoglycans that improve immune functions, 
particularly those of T effector cells and natural killer cells, 
and kill tumor cells (29,30). Thus, it was considered that PS‑T 
alone or in combination with other drugs may improve the 
quality of life and prolong the survival time of patients with 
HCC treated with resection and LT.

In vivo research on PS‑T in combination with SRL has 
confirmed that combined therapy inhibits the tumorigenesis 
through activation of mechanistic target of rapamycin (mTOR) 
signaling by PS‑T, thus increasing the sensitivity of cells more 
effectively compared with PS‑T or SRL alone (29). In the present 
study, including PS‑T in post‑LT treatment (taken continu-
ously, 20 g orally, 3/day, started as soon as possible following 
LT) exhibited survival benefits compared with FK506‑based 
therapy. Increasing numbers of studies on the treatment of 
patients with HCC with SRL combined with PS‑T post‑LT have 
been conducted in Chinese medical centers (31‑33).

The effects of the mTOR signaling pathway on cell growth, 
and of CD8+ T cells (CTLs) and FoxP3+ Tregs on antitumor 
activity are involved in immune tolerance induction by 
SRL (34,35). Numerous studies have identified a negative asso-
ciation between high FoxP3+ Tregs levels and the prognosis 

Table V. Treatment and survival status of the patients with tumor recurrence.

	 Recurrence	 Recurrence	 Treatment	 Therapeutic
Case	 time/months	 site/number	 method	 effect	 Prognosis

1	 12	 Lung/single	 γ‑radiation	 Cured	 Survived
2	 12	 Lung/two	 γ‑radiation	 Remission	 Succumbed at 23 months after LT
3	 18	 Lung/two	 γ‑radiation	 Tumor silence, no progress	 Survived
	 50	 Brain/single	 Surgical resection	 Cured	
4	 24	 Lung/single	 γ‑radiation	 Cured	 Survived

LT, liver transplantation.

Figure 5. Changes in Foxp3+ and Treg percentages of lymphocytes, and serum AFP levels in recurrent patients (A) prior to and (B) following therapy. AFP, 
α‑fetoprotein; FoxP3, Forkhead box P3; APC, allophycocyanin.

Figure 6. Survival rates of the patients with hepatocellular carcinoma 
following liver transplantation in the treated and control groups (P<0.001).
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of patients with HCC, as well as a positive association with 
the risk of tumor relapse (36,37). Furthermore, Zadaxin may 
improve cellular immune function of CTLs and affect FoxP3+ 
Treg function. Certain centers have attempted to use Zadaxin 
in organ transplantation, and have indicated that it does not 
increase the risk of rejection even when it was theoretically 
demonstrated to be infeasible (38‑40). Therefore, Zadaxin was 
used in this study to prevent tumor relapse. It did not increase 
the rejection rate or cause other adverse events. In the present 
study, the SRL‑based therapy significantly downregulated 
expression of FoxP3+ Treg and increased CTL levels, to 
those comparable with pre‑LT levels and relapse cases. To 
improve the cellular immune function of patients with HCC, 
early application of Zadaxin following LT is recommended 
as a subcutaneous injection of 1.6‑mg dose 1/day for 10 days, 
followed by 2/week, with long‑term maintenance.

Application of immunosuppressant produces a systemically 
inhibitory effect, which may affect the immune system, not just 
the CD4+ T lymphocytes (40). Foxp3 expression is the highest in 
CD4+ T lymphocytes, but is also partially expressed in CD8+ T, 
NK lymphocytes and other lymphocytes (38,41). Tumor immu-
nity for HCC and allograft tolerance for LT are associated with 
FoxP3+ Tregs (34,42). However, allograft tolerance induction 
requires high levels of FoxP3+ Tregs (35). Thus, FoxP3+ Tregs 
may exhibit contradictory roles in immune tolerance induc-
tion (43,44) and tumor recurrence prevention in patients with 
HCC following LT (34,45). Additionally, FoxP3+ Tregs directly 
and indirectly interact with CD4+ and CD8+ T cells (43,44,46). 
CTLs are important effector cells in antitumor reactions and 
graft rejection. During the present study, it was observed that 
SRL‑based therapy decreased FoxP3+ Tregs among lympho-
cytes and the FoxP3+ Treg/CD8+ T cell ratio, and increased the 
CD8+/CD3+ T‑cell ratio. It was also demonstrated that these cell 
levels may supply sufficient suppression strength and immune 
ability for surveillance of the tumor cell relapse due to the 
lower and delayed tumor recurrence. SRL‑based therapy may 
also decrease serum AFP, which is consistent with the Treg 
trends. We hypothesize that regulation of Tregs through mTOR 
signaling may be the mechanism through which SRL‑based 
therapy prevents recurrence. 

In the present study, the primary immunosuppressant used 
post‑transplantation was SRL. When SRL was combined 
with Zadaxin and PS‑T, the SRL‑based therapy significantly 
prolonged OS and DFS time and decreased post‑LT tumor 
recurrence rate, whereby 22% (4/18) of the SRL+ group suffered 
recurrence, compared with 100% (18/18) in the control group. It 
was also suggested that monitoring post‑LT changes in FoxP3+ 
Treg and CD8+ T cell levels along with serum AFP levels is 
a reliable predictive index of tumor recurrence and long‑term 
survival in patients whose advanced HCC is treated with LT.

This clinical experiment was limited by its small study 
cohort, short observation time and single‑institution design. 
Larger, multi‑center studies are required to verify the conclu-
sions of the current study. In addition, animal experiments 
are required to investigate the underlying mechanism of the 
combined treatment, and to determine the relevant molecular 
and cellular changes.

The present study has demonstrated the safety and efficacy 
of Zadaxin use in patients with HCC following LT. In conclu-
sion, early application of SRL‑based therapy following LT in 

advanced HCC may improve quality of life and delay tumor 
recurrence without increasing the rejection rate. Therefore, 
this clinical study performed at the Organ Transplant Institute 
of the Chinese PLA 309th Hospital suggests a novel regimen 
to prevent tumor recurrence in patients treated with LT for 
advanced HCC.
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