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Over 3 00 000 people in China die each year of hepatocellular

arcinoma (HCC), which accounts for approximately half of HCC-

elated deaths worldwide. Liver transplantation (LT) is generally

ecognized as one of the most effective therapeutic approaches

or end-stage liver diseases. Since the beginning of the second LT

oom in the 1990s, LT in China has been developed rapidly with

rofessional and large-scale trends, and it is approaching or has

eached the level of developed countries in terms of quantity and

uality. According to the China Liver Transplant Registry, the num-

er of transplants for HCC accounted for 36.8% of the total number

f LT cases during the past 5 years in the mainland of China. In or-

er to develop an effective, safe and standardized protocol to guide

he national LT practice, the clinical guidelines of LT for HCC was

aunched in 2014 by multidisciplinary experts from Chinese Society

f Organ Transplantation, Chinese Medical Association and Chinese

ssociation of Organ Transplantation, Chinese Medical Doctor As-

ociation. Recently, there have been new clinical and scientific ad-

ances in the field of LT and to keep abreast of these achievements,

he original clinical practice guidelines need to be updated. 

This guideline is covering the following aspects: criteria for

T in HCC patients, preoperative downstaging treatment, antiviral

herapy, application of immunosuppressants and prevention and

reatment of post-LT HCC recurrence. The adopted classification of

vidence in this guideline mainly refers to the 2001 Oxford evi-

ence classification ( Table 1 ), and the strength of recommendation

ainly refers to the Grading of Recommendations Assessment, De-

elopment, and Evaluation system (GRADE) [1–3] . 
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riteria of LT for HCC ( Table 2 ) 

The shortage of donor livers remains a serious problem world-

ide. Although this shortage has been slightly eased in China due

o the propagation of donation after citizen’s death (DCD), the

umber of donor livers is still far from meeting the demands. To

vercome this challenge, Mazzaferro et al. proposed the so-called

ilan criteria by selection of HCC patients complicated with liver

irrhosis for LT. The Milan criteria requires, in addition to the ab-

ence of intrahepatic macrovascular invasion and distance metas-

asis; a solitary nodule ≤5 cm or no more than 3 nodules (each

odule ≤3 cm) [4] . HCC patients meeting Milan criteria achieved

 long-term post-LT survival [4–7] . However, the restrictions on

he size and number of tumors render Milan criteria too restric-

ive. Some of the HCC patients who should have an opportunity

o be LT candidate were excluded. Therefore, new LT criteria for

CC patients, such as University of California, San Francisco (UCSF)

riteria, Up-to-seven criteria, etc., have been established. These

ew criteria have been clinically validated to expand the recipi-

nt population with similar prognosis as the Milan criteria [8,9] .

owever, the biological characteristics of the tumor have not been

ncluded by the above criteria. In 2008, the Hangzhou criteria was

roposed in China which was the first criteria to combine both

umor biological and pathological characteristics to select HCC

andidates for LT. Hangzhou criteria was a breakthrough from

he previous selection criteria that were limited to the tumor

haracteristics only. Comparing to the Milan criteria, Hangzhou

riteria expanded the tumor size to ≤8 cm or > 8 cm with alpha-

etoprotein (AFP) level ≤400 ng/mL and a well/moderately differ-

ntiated tumor. Accumulative evidences from many clinical studies

onfirmed that HCC patients within the Hangzhou criteria are suit-

ble for LT and the post-LT survivals are equivalent to those within

ilan criteria [10–16] . According to the outcomes of national

ulticenter clinical studies, the Hangzhou criteria can be further
a. Published by Elsevier B.V. All rights reserved. 
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Table 1 

Classification of evidence-based medicine-levels of evidence. 

Level of 

evidence 
Definition 

I Systemic evaluation of homogenous randomized controlled trial 

(RCT) 

Single RCT (narrow confidence interval) 

Serial research with complete or no medical records 

II Systemic evaluation of homogeneous cohort study 

Single cohort study (including low-quality RCT, e.g., follow-up 

rate < 80%) 

Outcome research, ecological research 

III Systemic evaluation of homogeneous case-control study 

Single case-control study 

IV Serial research on cases (including low-quality cohort and 

case-control study) 

V Expert opinion based on experience not on strictly proven results 
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divided into two categories as follows: tumor diameter ≤8 cm or

tumor diameter > 8 cm but AFP level ≤100 ng/mL (category A);

and tumor diameter > 8 cm but AFP level between 100 ng/mL and

400 ng/mL (category B). Patients meeting category A had a better

prognosis [17] . For recipients with HCC recurrence after initial par-

tial hepatic resection, salvage LT was feasible if meeting the cri-

teria [18–20] . For recipients suffered from graft loss after LT, re-

transplantation can be performed with caution [20] . 

Preoperative downstaging treatment of HCC for LT ( Table 3 ) 

Preoperative downstaging treatment of HCC should be applied

to reduce tumor burden and stage, enabling candidates who ex-

ceed the LT criteria to obtain the opportunity of LT. The downstag-

ing treatment is mainly indicated to HCC patients who do not meet

the existing LT criteria and have no macrovascular invasion in por-

tal vein or inferior vena cava and no distant metastasis [20–23] . 

The effective downstaging treatment mainly includes tran-

scatheter arterial chemoembolization (TACE) [20,22,24] , yttrium-

90 microsphere transarterial radioembolization (TARE) [24,25] , and

local ablation, etc. TARE is a satisfactory downstaging method

and superior to TACE in reducing hospitalization and complica-

tions [21,24,25] . Local ablation includes radiofrequency ablation,

microwave ablation, cryoablation and percutaneous ethanol injec-

tion. The combination of multiple adjuvant therapies is considered

to have a better downstaging effect. 

The comprehensive evaluation of downstaging efficacy is mainly

based on imaging study, i.e., contrast-enhanced CT and MRI, and

blood tumor biomarker tests to assess tumor size, number and
Table 2 

Criteria of LT for HCC. 

Items Recommendations 

1 The Milan criteria is the benchmark for the selection of LT recip

2 The Hangzhou criteria is a reliable criteria for the selection in p

is satisfactory. 

3 Patients meeting category A of the Hangzhou criteria (tumor dia

AFP level ≤100 ng/mL) have better prognosis than those meet

AFP level between 100 ng/mL and 400 ng/mL). 

4 Any criteria achieving similar outcomes as Milan criteria and va

is applicable in clinical practice. 

5 Patients suffering intrahepatic HCC recurrence after partial hepa

criteria are candidates of salvage LT. 

6 HCC patients meeting the selection criteria can receive living do

the donor and recipient must be strictly assessed before LT. 

7 If a graft loss occurs after living donor LT, cadaveric LT is feasib

8 HCC patient exceeding the criteria for LT, if the initial graft loss

living donor LT, is not a candidate for cadaveric LT. 

9 In order to minimize donor risk and optimize recipient prognos

matured LT facilities. 
hange of AFP level [26–32] . For some HCC patients exceeding

he criteria of LT who met the criteria after receiving downstag-

ng treatment and underwent LT, their post-LT survival is similar

o that of recipients meeting the criteria originally [33,34] . Other

ell-known clinical guidelines recommended that downstaging or

ridging therapy should be applied in a timely manner for HCC

atients on LT waiting list with an estimated waiting time longer

han 6 months [35,36] . 

ntiviral therapy of HCC patients for LT ( Table 4 ) 

More than 90% of HCC patients in China are infected with

epatitis B virus (HBV). Recipients with recurrent HBV infection

r high HBV load before LT are at higher risk of HCC recurrence.

herefore, to reduce the risk of HBV recurrence and improve

ong-term survival after LT, antiviral drugs should be administered

or LT candidates with HBV infection as early as possible [37–39] .

epatitis B immunoglobulin (HBIG) should be administered in the

nhepatic phase during the operation. The main post-LT antiviral

egimen is the nucleotide analogs (NAs) combined with low-dose

BIG. The combination of entecavir or tenofovir with low-dose

BIG is currently considered the first line regimen with reliable

ffect on preventing HBV recurrence [40–45] . However, a study

onducted by the University of Hong Kong discovered that for

T recipients who had chronic HBV infection without lamivudine

esistance, the entecavir monotherapy had achieved an HBsAg-

egative rate of 92% and an HBV DNA negative rate of 100% at

-year after LT [46] . This regimen is cheaper and more convenient

ithout reducing the efficacy and could be used as a supplement

f NAs with low-dose HBIG. Recent studies [47,48] also showed

hat steroid-free immunosuppression regimen can reduce HBV

ecurrence after LT. Additionally, HBV vaccination after LT has been

eported to prevent the recurrence of HBV infection, whereas its

linical application is still controversial [49–51] . 

In China, the incidence of hepatitis C virus (HCV) infection is

n the rise. Direct-acting antivirals (DAAs) treatment can achieve

lose to 100% sustained virologic response (SVR) without severe

ide effects [52–55] . Pre-LT antiviral therapy is the best way to pre-

ent post-LT HCV recurrence for LT candidates with compensated

irrhosis and elevated HCV RNA [56–58] . DAAs should be used as

arly as possible in all LT recipients with post-LT HCV recurrence

n order to obtain SVR, attenuate cirrhosis progression and reduce

CC recurrence. The recommended treatment should be start 3–6

onths after LT [58–62] . 
Evidence 

grade 

Recommendation 

strength 

ients with HCC. II Strong 

atients with HCC, and the post-LT survival II Strong 

meter ≤8 cm or tumor diameter > 8 cm but 

ing category B (tumor diameter > 8 cm but 

II Strong 

lidated by a multicenter large sample study II Weak 

tic resection and meeting the selection II Weak 

nor LT, and the social psychology status of III Weak 

le for HCC patients within the criteria of LT. III Weak 

 occurs due to the HCC recurrence after V Strong 

is, living donor LT should be limited to the V Strong 
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Table 3 

Preoperative downstaging treatment of HCC for LT. 

Items Recommendations 
Evidence 

grade 

Recommendation 

strength 

10 Downstaging therapy includes TACE, yttrium-90 microsphere TARE, local ablation etc.; local ablation 

includes radiofrequency ablation, microwave ablation, cryoablation and percutaneous ethanol injection; 

the selection of downstaging therapy needs to be individualized. 

II Strong 

11 Combination of multiple therapies is considered to have a better downstaging effect. II Strong 

12 The comprehensive evaluation index of downstaging efficacy should base on tumor size, number and the 

change of serum AFP level. 

II Strong 

13 For LT candidates with an estimated waiting time longer than 6 months, downstaging or bridging treatment 

should be applied in a timely manner. 

II Strong 

Table 4 

Antiviral therapy of HCC patients for LT. 

Items Recommendations 
Evidence 

grade 

Recommendation 

strength 

14 NAs should be adopted in HCC candidates with positive HBV DNA before LT to reduce the HBV DNA level. I Strong 

15 Potent NAs with high genetic barrier to resistance should be the first line if the HBV load is high before LT; 

for NAs resistance, appropriate drug should be selected based on the results of resistance mutation test. 

II Strong 

16 HBIG should be administered in the anhepatic phase during the operation in HBV-related HCC patients; 

long-term post-LT monitoring as well as NAs and HBIG adoption should be applied to prevent HBV 

recurrence. 

II Strong 

17 Entecavir/tenofovir combined with low-dose HBIG are the first line regimen to prevent post-LT HBV 

recurrence. 

II Strong 

18 Entecavir monotherapy regimen is effective for preventing post-LT HBV recurrence. IV Strong 

19 The steroid-free immunosuppression regimen can reduce post-LT HBV recurrence. IV Weak 

Table 5 

Application of immunosuppressants to HCC patients after LT. 

Items Recommendations 
Evidence 

grade 

Recommendation 

strength 

20 The application of CNI is an independent risk factor for HCC recurrence after LT. I Strong 

21 For recipients with hepatorenal syndrome or renal insufficiency, interleukin-2 receptor blocker, 

mycophenolate mofetil and sirolimus should be used instead of CNI. 

I Strong 

22 Low-dose of CNI and early withdrawal of glucocorticoids are recommended for HCC patients after LT. II Strong 

23 The application of mTOR inhibitors, such as sirolimus, in HCC patients post-LT reduces tumor recurrence 

and metastasis. 

I Strong 

24 A glucocorticoid-free immunosuppressive regimen can be used in HCC patients after LT. II Weak 

25 Conversion to sirolimus-based immunosuppressive regimen is suggested to patients with HCC recurrence 

after LT. 

III Weak 

Table 6 

Prevention and treatment of post-LT HCC recurrence. 

Items Recommendations 
Evidence 

grade 

Recommendation 

strength 

26 Post-LT TARE can reduce the recurrence rate of HCC, increase the survival rate in LT recipients exceeding 

the Milan criteria. 

II Weak 

27 Surgical resection is the preferred option for resectable recurrent lesions after LT. III Strong 

28 For unresectable recurrent lesions, local ablation, TACE, molecular-targeted drugs, such as sorafenib, or a 

combination of the above treatment approaches should be selected individually to prolong the survival of 

recipients. 

IV Strong 

A
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 Table 5 ) 

Usage of immunosuppressants such as calcineurin inhibitor

CNI) is an independent risk factor for HCC recurrence after LT. For

T recipients with HCC, the risk of HCC recurrence is related to

he invasiveness of the tumor and the immune homeostasis of the

ody. When the recipients receive high-dose immunosuppressants,

heir homeostasis of immune system were disturbed which pro-

ote tumor recurrence and metastasis; on the other hand, if the

mmunosuppressant dose is insufficient, the grafts will be rejected.

urrently, there is no uniform clinical strategy or monitoring

ystem on how to maintain the immune homeostasis. Complete

ithdrawal of immunosuppressants for HCC patients after LT is

ot recommended but we encourage the usage of individualized

ow-dose immunosuppressive regimens [63] . Currently, the major

linical immunosuppressive regimens are as follows: (i) tacrolimus

r ciclosporin + mycophenolate mofetil + glucocorticoids; (ii)
nterleukin-2 receptor blocker + sirolimus + mycophenolate

ofetil + glucocorticoids; and (iii) interleukin-2 receptor

locker + mycophenolate mofetil + tacrolimus/sirolimus. The early

ithdrawal of glucocorticoids, glucocorticoid-free regimens and 

he use of tumor-suppressive mTOR inhibitors (e.g., sirolimus)

ave been recently reported to be successful in clinical appli-

ations [64–70] . Immune-inductive therapy using interleukin-2

eceptor blockers, as well as the delayed and reduced use of CNI,

s recommended during the early withdrawal of glucocorticoids

nd glucocorticoid-free regimens. Studies [71,72] demonstrated

hat HCC patients who received mTOR inhibitors have a sig-

ificant lower HCC recurrence rate compared to those who

eceived CNI. Interestingly, among mTOR inhibitor group, recip-

ents who used everolimus had a lower HCC recurrence rate

ompared to those who use sirolimus. The regimen may also

e converted to a sirolimus-based immunosuppressive regimen

n 4–6 weeks after LT, combined with mycophenolate mofetil

r low-dose CNI. For recipients with HCC recurrence after
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LT, a sirolimus-based immunosuppressive regimen is recom-

mended [72–74] . 

Prevention and treatment of post-LT HCC recurrence ( Table 6 ) 

Among different studies, the 5-year recurrence rate of HCC

after LT ranged between 20% and 57.8% [17,29,73] . Thus, a proper

management of HCC patients after LT is critical to reduce the post-

operative recurrence. With the global trend of continuous attempts

to expand LT indications of HCC, an increase in the recurrence rate

after transplantation is inevitable [72] . The most common HCC

recurrence sites after LT are lung (37.2% −55.7%), transplanted

liver (37.8% −47.9%), abdomen (27.3% −37.7%) and bone

(22.3% −25.5%) [75,76] . The median survival for recipients with

HCC recurrence is 10.6–12.2 months [75,76] . Therefore, the pre-

vention and treatment of post-LT HCC recurrence and metastasis

are critical, and the preventive strategies should be individualized

based on the morphological characteristics (i.e., size, number,

macro- and microvascular invasion, histological grading) and

biological characteristics of HCC. 

The prevention strategy of recurrence after LT for HCC mainly

includes management of immunosuppressive regimen and adju-

vant therapy. Currently, adjuvant therapies for the prevention of

HCC recurrence include radiotherapy with iodine-131 metuximab,

sorafenib and systemic chemotherapy (e.g., oxaliplatin + calcium

folic acid + fluorouracil). These adjuvant therapies provide certain

survival benefits for some recipients, especially for those who ex-

ceed the Milan criteria [77–81] . However, the number of relevant

studies is still limited, and the evidence grade is low. Also, there

are some studies [82,83] claiming that the prophylactic use of so-

rafenib cannot prolong the survival of recipients with a high-risk

of HCC recurrence after LT. 

Early diagnosis of HCC recurrence is beneficial to the selec-

tion of a treatment strategy and an improvement in treatment ef-

ficacy. Surgical resection is the preferred treatment option for re-

sectable recurrent lesions, with a 3-year postoperative survival rate

of 60% [75,76] . When recurrent lesions are unresectable, local ab-

lation, TACE, molecular-targeted drugs (e.g., sorafenib), or a com-

bination of the above treatment approaches should be selected in-

dividually to prolong the survival of recipients [75,76,84–86] . For

recipients with advanced disease, minimized usage or withdrawal

of immunosuppressants may be considered. 
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