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a b s t r a c t 

Background: Portal vein tumor thrombosis (PVTT) is regarded as a contraindication for liver transplan- 

tation (LT) in hepatocellular carcinoma (HCC). However, some of these patients may have a favorable 

prognosis after LT. In this study, we evaluated the biological behavior of HCC with PVTT using tumor 

biomarker (alpha-fetoprotein, AFP) and 18 F-FDG positron emission tomography (tumor standard uptake 

value) to identify a subset of patients who may be suitable for LT. 

Methods: Seventy-five HCC-PVTT liver recipients transplanted during February 2016 and June 2018 were 

analyzed. Different pre-transplant prognostic factors were identified by univariate and multivariate anal- 

yses. PVTT status was identified following Vp classification (Vp1-Vp4). 

Results: Three-year recurrence-free survival and overall survival rates were 40% and 65.4% in Vp2-Vp3 

PVTT patients, 21.4% and 30.6% in Vp4 PVTT patients ( P < 0.05). Total tumor diameter > 8 cm, pre- 

transplant AFP level > 10 0 0 ng/mL and intrahepatic tumor maximal standard uptake value (SUVmax- 

tumor > 5) were independent risk factors for HCC recurrence and overall survival after LT in Vp2-3 PVTT 

patients. Low risk patients were defined as total tumor diameter ≤8 cm; or if total tumor diameter more 

than 8 cm, with both pre-transplant AFP level less than 10 0 0 ng/mL and intrahepatic tumor SUVmax 

less than 5, simultaneously. Twenty-two Vp2-3 PVTT HCC patients (46.8%) were identified as low risk 

patients, and their 3-year recurrence-free and overall survival rates were 67.6% and 95.2%, respectively. 

Conclusions: Patients with segmental or lobar PVTT and biologically favorable tumors defined by AFP and 
18 F-FDG SUVmax might be suitable for LT. 

© 2020 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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ntroduction 

Hepatocellular carcinoma (HCC) is one of the most common

ypes of cancer worldwide [1] . Invasion of portal and hepatic veins

s one of the most unfavorable prognostic factors [2] . Liver re-

ection is always a preferential treatment modality [3] . For pa-

ients with portal or hepatic vein invasion, liver resection could
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till acquire good prognosis as shown by a Japanese national study

nd Chinese multi-centers research [4 , 5] . Patients with severe cir-

hosis however might not tolerate resection and liver transplan-

ation (LT) may be the only treatment for these patients. The

ntention-to-treat (ITT) transplant survival benefit allows physi-

ians and surgeons to better select HCC patients waiting for LT

6] . Current criteria for LT in HCC patients, including Milan criteria,

he University of California at San Francisco (UCSF) criteria, Up-to-

even criteria, Hangzhou criteria, and Time-Radiological-response-

lpha-fetoprotein-Inflammation (TRAIN) score, consider macrovas- 

ular invasion as an absolute contraindication [7–11] . However, it

as been shown that some of these patients have favorable out-
a. Published by Elsevier B.V. All rights reserved. 
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Table 1 

Characteristics of 47 HCC patients with PVTT (Vp2-3) following LT. 

Recipient factors Values 

Median age (yr) 50 (45–57) 

Sex, male 44 (93.6%) 

Underlying disease 

Hepatitis B 47 (100%) 

Child-Turcotte-Pugh Score A/B/C 1 (2.1%)/22 (46.8%)/24 (51.1%) 

MELD Score at surgery 30 (21–35) 

AFP pre-LT (ng/mL) 261.5 (30.8–3098) 

PIVKA-II pre-LT (mAU/mL) 2131.0 (242.8–16,577.8) 

NLR pre-LT 4.7 (3.7–7.9) 

PLR pre-LT 166.0 (102.6–267.8) 

C-reaction protein pre-LT (mg/L) 13.9 (5.0–20.5) 

SUV max -tumor 5.1 (3.8–8.7) 

SUV max -PVTT 3.5 (2.3–6.2) 

Milan/UCSF/Hangzhou criteria (out) 47 (100%) 

Pathology of extracted liver 

Maximum tumor size ( ≤8 cm/ > 8 cm) 26 (55.3%)/21 (44.7%) 

Total tumor diameter ( ≤8 cm/ > 8 cm) 12 (25.5%)/35 (74.5%) 

Tumor number (single/multiple) 7 (14.9%)/40 (85.1%) 

Tumor differentiation (well-moderate/poor) 30 (63.8%)/17 (36.2%) 

Encapsulation 29 (61.7%) 

Intrahepatic metastasis 26 (55.3%) 

Operative characteristics 

Recipient operative time (min) 303 (255–364) 

Recipient anhepatic time (min) 74 (56–94) 

Estimated blood loss (mL) 1200 (800–2000) 

Transfusion 

Intraoperative RBC transfusion (units) 2 (0–6) 

Fresh frozen plasma (mL) 900 (770–1100) 

Graft factors 

Median age (yr) 50 (39–59) 

Sex, male 41 (87.2%) 

ABO blood-type incompatibility 3 (6.4%) 

Graft cold ischemia time (h) 9 (8–11) 

IQR: interquartile range; MELD: model for end-stage liver disease; HCC: hepato- 

cellular carcinoma; AFP: alpha-fetoprotein; PIVKA-II: protein induced by vitamin K 

absence or antagonist-II; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lym- 

phocyte ratio; SUV: standard uptake value; PVTT: portal vein tumor thrombosis; 

AU: Anson unit. 
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come [12 , 13] . In a multi-center study in Korea, HCC-portal vein tu-

mor thrombosis (PVTT) patients with macrovascular invasion but

having a preoperative alpha-fetoprotein (AFP) + protein induced

by vitamin K absence/antagonist-II (PIVKA-II) ≤300 had a 5-year

recurrence-free survival (RFS) of nearly 50% after LT [14] . There-

fore, it was postulated that selected tumors can be treated with

LDLT with an acceptable outcome regardless how advanced mor-

phology is. 

In the current study, the value of biomarkers PIVKA-II, AFP,

platelet to lymphocyte ratio (PLR), neutrophil to lymphocyte ratio

(NLR) and tumor standard uptake value (SUV) defined by positron

emission tomography (PET) were evaluated to predict the progno-

sis after LT in HCC-PVTT patients. These parameters were evaluated

next in relation to the extent of PVTT in order to identify those pa-

tients who would eventually benefit most from LT. 

Methods 

Seventy-five PVTT-HCC patients who underwent liver transplan-

tation in our centers from February 2016 to June 2018 were en-

rolled in this study. Patients who had a confirmed diagnosis of

HCC with extrahepatic metastasis or with invasion of hepatic vein

and inferior vena cava were excluded from this study. HCC diagno-

sis was confirmed after transplantation by pathology. The criteria

of PVTT were based on pre-transplant radiological characteristics

(including enhanced CT scan, ultrasound, and MRI) and pathology

of the specimen. PVTT was classified as follows [3] : (1) Vp1: tu-

mor thrombus distal to the second branch of the portal vein; (2)

Vp2: tumor thrombus in the second branch of the portal vein; (3)

Vp3: tumor thrombus in the first branch of portal vein; (4) Vp4:

main portal trunk tumor thrombus. All patients received modi-

fied piggyback liver transplantation. “No touch” hepatectomy tech-

nique was adopted to minimize tumor cell seeding. This research

was approved by the institutional ethics committee. All patients

signed informed consents. Complete clinical and laboratory data

were available before operation and during follow-up. 

The follow-up strategy and diagnostic criteria of tumor recur-

rence are as follows [15] : recipients were followed up closely from

the date of operation to death or the last follow-up (December

31, 2019) . The monitoring approaches of recurrence include tu-

mor biomarkers (AFP and PIVKA-II) and imaging using ultrasonog-

raphy and thoraco-abdominal CT scan performed every 3 months

during the first 2 years after LT and every 6 months after 2 years.

Recurrence was identified by elevation of tumor biomarkers (AFP

or PIVKA-II) and positive imaging findings. The median follow up

was 19.1 months (1.9–42.4 months), and 27 (36%) patients have a

follow-up of more than two years. 

Minimal immunosuppression is desirable in liver transplanta-

tion to reduce side effects and to promote the process of toler-

ance induction [16] . In the present study, post-transplant immuno-

suppressant was tacrolimus based (6–10 ng/mL within 3 months,

3–5 ng/mL between 6 and 12 months, and less than 3 ng/mL af-

ter 12 months) and glucocorticoid was given 10 0 0 mg intraop-

eratively with steroid-free regimen post-transplantation. Basilix-

imab was administrated 20 mg at the first and fourth day post-

operation. Mycophenolate mofetil or mycophenolic acid was ad-

ministered in case of renal dysfunction. 

Treatment options were discussed by a multidisciplinary team

of surgeons, hepatologists, radiologists and oncologists. Treatment

modalities for recurrent HCC included surgical, non-surgical locore-

gional and systemic therapy. Resection was suggested to every pa-

tient whenever feasible. Transarterial chemoembolization (TACE)

and/or radiofrequency ablation (RFA) were proposed to patients

with unresectable intrahepatic recurrence. External beam radio-

therapy was used in case of bone metastasis. Systemic chemother-

apy and/or molecular targeted therapy (sorafenib, regorafenib,
Please cite this article as: Z. Yang, F.-Z. Luo and S. Wang et al., Alph
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envatinib) was administered for multifocal intra- and extrahepatic

ecurrence. 

The primary endpoint was overall survival (OS), which was de-

ned from the operation day to the last follow-up or death. RFS

as defined as a period from the date of surgery to the date of

umor recurrence first diagnosed. Continuous variables were de-

cribed as medians and interquartile ranges (IQR), and categorical

ariables were described as frequencies and percentages. OS and

FS were analyzed by the Kaplan–Meier method and log-rank test.

ndependent prognostic indicators were assessed using Cox’s pro-

ortional hazard model. A P < 0.05 was considered statistically sig-

ificant. 

esults 

PVTT was as follows: 47 (62.7%) patients with Vp2-3 PVTT, and

8 (37.3%) patients with Vp4 PVTT. Among the 47 HCC patients

ith Vp2-3 PVTT, demographic, biochemical, operative and explant

athology are shown in Table 1 . The median age of patients at

he time of transplantation was 50 years (IQR 45–57). Forty-four

93.6%) patients were male. Hepatitis B virus (HBV) infection was

he underlying liver disease. The median Model for End-Stage Liver

isease (MELD) score was 30 (IQR 21–35); The Child-Turcotte-Pugh

core was as follows, 1 (2.1%) patients with grade A, 22 (46.8%)

ith grade B and 24 (51.1%) with grade C. The median 

18 F-FDG

ptake (maximum) of the intrahepatic tumor and PVTT were 5.1

IQR 3.8–8.7) and 3.5 (IQR 2.3–6.2), respectively. The pre-transplant

ystematic inflammatory index such as NLR, PLR and CRP were
a-fetoprotein and 

18 F-FDG standard uptake value predict tumor 

th portal vein tumor thrombosis: Preliminary results of a single 
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Fig. 1. Kaplan–Meier recurrence-free survival and overall survival after liver transplantation for hepatocellular carcinoma stratified by PVTT status (Vp2/3 or Vp4). 
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.7 (IQR 3.7–7.9), 166.0 (IQR 102.6–267.8) and 13.9 (IQR 5.0–20.5)

g/L, respectively. Concerning the pathology of extracted liver, 17

36.2%) patients had poorly differentiated HCC, 40 (85.1%) had mul-

iple tumors, 29 (61.7%) had tumor encapsulation and 35 (74.5%)

ad accumulated tumor size larger than 8 cm. The median opera-

ive and anhepatic time were 303 (IQR 255–364) min and 74 (IQR

6–94) min, respectively. Estimated blood loss was 1200 mL and

ntraoperative red blood cell (RBC) transfusion was 2 units. The

edian graft cold ischemia time was 9 (IQR 8–11) hours. Three

6.4%) patients received ABO incompatible LT. 

The 1-, 2-, and 3-year RFS rates were 44.4%, 40.0% and 40.0% for

atients with Vp2-3 PVTT, and 28.6%, 21.4% and 21.4% for patients

ith Vp4 PVTT ( Fig. 1 A; P = 0.034). Similarly, the 1-, 2-, and 3-year

S rates were 74.1%, 65.4% and 65.4% for patients with Vp2-3 PVTT,

nd 64.3%, 30.6% and 30.6% for patients with Vp4 PVTT ( Fig. 1 B;

 = 0.007). 

Vp2-3 PVTT HCC patients in the univariate analysis, pre-

ransplant AFP ≥10 0 0 ng/mL, PIVKA-II ≥40 mAU/mL, intrahep-

tic tumor SUV max ≥ 5, maximum tumor size > 8 cm and to-

al tumor diameter > 8 cm were risk factors for HCC recurrence.

re-transplant AFP ≥ 10 0 0 ng/mL, NLR ≥ 7, C-reactive protein

15 mg/L and intrahepatic tumor SUV max ≥ 5 were also related

o the overall survival ( Table 2 ). In the multivariate analysis, to-

al tumor diameter > 8 cm, pre-transplant AFP ≥10 0 0 ng/mL and

ntrahepatic tumor SUV max ≥ 5 were independent risk factors for

ost-LT HCC recurrence and overall survival ( Table 3 ). 

The prognoses of 47 patients with Vp2-3 PVTT were analyzed.

ase on the three major independent predictors, we defined five

roups for these patients with segmental or lobar PVTT: Group 1

 n = 12), total tumor diameter ≤8 cm; Group 2 ( n = 10), total tu-

or diameter > 8 cm, pre-transplant AFP < 10 0 0 ng/mL and in-

rahepatic tumor SUV max < 5; Group 3 ( n = 10), total tumor di-

meter > 8 cm, pre-transplant AFP > 10 0 0 ng/mL and intrahep-

tic tumor SUV max < 5; Group 4 ( n = 7), total tumor diameter

 8 cm, pre-transplant AFP level < 10 0 0 ng/mL and intrahepatic

umor SUV max > 5; and Group 5 ( n = 8), total tumor diameter

 8 cm, pre-transplant AFP level > 10 0 0 ng/mL and intrahepatic tu-

or SUV max > 5. Among the five groups, group 1 and group 2

chieved the best prognosis. There was no significant difference

n cumulative survival between group 1 and group 2 ( P = 0.470),

nd between group 3 and group 4 ( P = 0.302). The prognosis of

atients in groups 1 and 2 was significantly better than that in

roups 3, 4, and 5 ( P < 0.001) ( Fig. 2 ). 

Different risk groups of patients with Vp2-3 PVTT were then

stablished. Group A ( n = 22) represented to low risk patients ful-

lling one of the two following items: (a) Total tumor diameter
 r  

Please cite this article as: Z. Yang, F.-Z. Luo and S. Wang et al., Alph
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8 cm; (b) total tumor diameter > 8 cm, with pre-transplant AFP

evel < 10 0 0 ng/mL and intrahepatic tumor SUV max < 5. Group B

 n = 17) represented to moderate risk patients with total tumor di-

meter > 8 cm, pre-transplant AFP level < 10 0 0 ng/mL or intrahep-

tic tumor SUV max < 5; Group C ( n = 8) represented to high risk

atients with total tumor diameter > 8 cm, and both pre-transplant

FP level > 10 0 0 ng/mL and intrahepatic tumor SUV max > 5. For

atients in low risk group, the 1-, 2-, and 3-year OS and RFS

ates were 95.2%, 95.2%, 95.2%, and 72.4%, 67.6%, 67.6%, respec-

ively, whereas these rates in moderate risk group were 76.5%,

8.8%, 58.8%, and 29.4%, 23.5%, 23.5%, respectively, and in the high-

isk patients were even lower (all P < 0.001, Fig. 3 ). 

iscussion 

Hepatocellular carcinoma tends to invade the portal venous sys-

em, resulting in PVTT. The incidence of macroscopic PVTT in HCC

atients at the time of first diagnosis ranges from 10% to 40%,

nd the median overall survival is 2.7–4 months in patients un-

reated for HCC and PVTT [3 , 17] . According to the Barcelona Clinic

iver Cancer (BCLC) staging system, PVTT is regarded as an ad-

anced stage of HCC and molecularly targeted agents (sorafenib

nd lenvatinib as the first-line drug) are recommended, which re-

ult in a median overall survival of 8.4–14.4 months [18 , 19] . How-

ver, more aggressive treatments (including surgical resection, ra-

iotherapy, and TACE) are administrated for selected patients with

VTT-HCC in the Asia-Pacific regions, which lead to a better prog-

osis compared to palliative treatment [3–5] . In China, HCC is

ften originated from HBV-related cirrhosis and LT is considered

 possible curative treatment modality. However, all the present

T selection criteria have defined PVTT as a contraindication be-

ause of poor prognosis [7–11] . Several single-center and multi-

enter studies in Korea found that, if the PVTT was not in the

ain portal vein and the AFP and PIVKA-II scores were low, liv-

ng donor liver transplantation (LDLT) could be performed with an

mproved prognosis [13 , 14 , 20] . In addition, LDLT after combined

ACE and 3-dimensional conformal radiotherapy for selected HCC

atients with macrovascular invasion showed acceptable oncologic

utcomes, with 3-year OS rate of 60.5% [21] . In the present study,

e analyzed 47 liver recipients who had PVTT HCC before LT. The

p4 PVTT group had a bad outcome and the shortest PFS, while

he 3-year OS in Vp2-3 PVTT group reached 60%. This indicates

hat patients with segmental or lobar PVTT might be suitable for

T. 

In recent years, 18 F-FDG and 

11 C-acetate PET/computed tomog-

aphy have been widely used in the diagnosis of HCC and evalua-
a-fetoprotein and 

18 F-FDG standard uptake value predict tumor 

th portal vein tumor thrombosis: Preliminary results of a single 
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Table 2 

Risk factors on posttransplant HCC recurrence and overall survival in patients with PVTT (Vp2-3) a . 

Variables Tumor recurrence Overall survival 

HR 95% CI P value HR 95% CI P value 

Recipient age > 50 yr 0.530 0.252–1.118 0.095 0.493 0.183–1.326 0.161 

Recipient sex, male 0.738 0.175–3.118 0.680 0.456 0.103–2.018 0.300 

HBV DNA ≥1000 IU/mL 1.287 0.747–2.218 0.364 1.963 0.862–4.469 0.108 

Child-Turcotte-Pugh score b 1.408 0.680–2.915 0.357 1.136 0.450–2.866 0.787 

MELD score > 25 1.414 0.637–3.136 0.394 2.065 0.665–6.414 0.210 

AFP ≥1000 ng/mL, pre-LT 2.129 1.010–4.489 0.047 2.791 1.012–7.700 0.047 

PIVKA-II ≥40 mAU/mL, pre-LT 4.960 1.172–20.986 0.030 30.849 0.221–4301.762 0.173 

NLR ≥7, pre-LT 1.802 0.826–3.931 0.139 3.170 1.184–8.486 0.022 

PLR ≥184, pre-LT 1.784 0.838–3.798 0.133 1.919 0.718–5.127 0.193 

C-reaction protein ≥15 mg/L, pre-LT 2.072 0.980–4.379 0.056 5.236 1.678–16.342 0.004 

SUV max ≥5, tumor 2.809 1.315–5.998 0.008 14.785 3.329–65.663 < 0.001 

SUV max ≥5, PVTT 1.49 0.248–8.950 0.663 0.491 0.044–5.455 0.563 

Maximum tumor size > 8 cm 3.953 1.807–8.647 0.001 2.555 0.927–7.042 0.070 

Total tumor diameter > 8 cm 4.411 1.328–14.652 0.015 5.989 0.791–45.357 0.083 

Tumor number, multiple 0.82 0.311–2.164 0.689 1.413 0.321–6.222 0.647 

Tumor differentiation, poor 1.825 0.867–3.842 0.113 2.237 0.837–5.974 0.108 

Encapsulation 0.573 0.272–1.208 0.144 0.864 0.321–2.324 0.772 

Recipient anhepatic time ≥55.5 min 1.241 0.503–3.063 0.639 5.755 0.759–43.608 0.090 

Estimated blood loss ≥1750 mL 1.015 0.444–2.319 0.973 1.987 0.704–5.605 0.194 

Intraoperative RBC transfusion ≥4 U 0.901 0.579–1.402 0.644 1.348 0.730–2.488 0.339 

ABO blood-type incompatibility 0.506 0.069–3.734 0.504 1.145 0.151–8.680 0.896 

Graft cold ischemia time ≥ 9 h 1.253 0.592–2.653 0.556 1.345 0.488–3.704 0.567 

HR: risk ratio; 95% CI: 95% confidence interval; MELD: model for end-stage liver disease; HCC: hepatocellular carcinoma; 

AFP: alpha-fetoprotein; PIVKA-II: protein induced by vitamin K absence or antagonist-II; NLR: neutrophil to lymphocyte 

ratio; PLR: platelet to lymphocyte ratio; SUV: standard uptake value; PVTT: portal vein tumor thrombosis. 
a Cox proportional hazards regression. 
b Child-Turcotte-Pugh score C vs B & A. 

Table 3 

Multivariate analysis evaluating risk factors on posttransplant HCC recurrence and overall survival in the subset 

of patients with PVTT-Vp2/3 a . 

Variables Tumor recurrence Overall survival 

HR 95% CI P value HR 95% CI P value 

AFP ≥1000 ng/mL, pre-LT 3.411 1.432–8.121 0.006 4.511 1.489–13.912 0.008 

SUV max ≥5, tumor 7.003 2.741–17.89 < 0.001 30.237 6.125–149.282 < 0.001 

Total tumor diameter > 8 cm 8.874 2.42–32.542 0.001 10.285 1.303–81.180 0.027 

AFP: alpha-fetoprotein; SUV: standard uptake value; PVTT: portal vein tumor thrombosis. 
a Cox proportional hazards regression. 

Fig. 2. Comparison of the (A) recurrence-free survival and (B) overall survival rates in the subgroup of patients with PVTT Vp2 and Vp3 by combination of total tumor 

diameter, pre-transplant AFP level and tumor 18 F-FDG standard uptake value. MS: median survival. 

Please cite this article as: Z. Yang, F.-Z. Luo and S. Wang et al., Alpha-fetoprotein and 
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Fig. 3. Comparison of the (A) recurrence-free survival and (B) overall survival rates in the subgroup of patients with PVTT Vp2 and Vp3 by combination of accumulative 

tumor size, pre-transplant AFP level and intrahepatic tumor 18 F-FDG standard uptake value. 
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ion of tumor metastasis [22] . 18 F-FDG, a glucose analogue, is the

ost commonly used tracer in oncology. Well-differentiated tumor

ppears to have a similar FDG uptake pattern as normal liver

issue, which might show a low level of SUV, whereas increased

DG uptake is observed in poorly differentiated tumors [23] . Many

tudies reported about the value of 18 F-FDG uptake in LT. Yang

t al. proposed positive PET-status, meaning 18 F-FDG uptake is

igher than normal liver tissue, correlated with poor biological

ehavior and microvascular invasion [24] . A recent multi-center

DLT study in Korea proposed composite criteria for predicting

ost-transplantation recurrence using clinical and FDG PET/CT

actors. For HCC patients with tumor size < 6.0 cm, tumor number

 8, AFP < 465 ng/mL, and maximum tumor-to-background ratio

TBR max ) < 2.8, the RFS did not differ significantly from those

ulfilling Milan, UCSF or Up-to-seven criteria [25] . Hong et al. re-

orted PET-positivity and serum AFP > 200 ng/mL as independent

rognostic factors of HCC recurrence [26] . In the present study,

ntrahepatic tumor SUV max > 5 was found to be a significant

ndicator of poor prognosis. Combined with total tumor diame-

er and pre-transplant AFP level, three subgroups with different

ecurrent risks were stratified in Vp2 and Vp3 PVTT patients. We

emonstrated that patients with total tumor diameter ≤8 cm, or

FP < 10 0 0 ng/mL and SUV max < 5 might be suitable for LT. 

This study is important because in patient selection, we com-

ined tumor size and the PVTT status with levels of 18 F-FDG stan-

ard uptake value and serum AFP. These combinations exhibited

he highest predictive value for RFS and OS. Secondly we further

nalyzed by stratifying PVTT into segmental, lobar and main sta-

us, and combined with tumor markers. 

The limitation of this is the retrospective nature which might

ave bias in patient selection. Another limitation is small patient

umber and short follow-up. Prospective, long-term and large-

cale studies are required to validate our conclusion. 

In conclusion, main trunk PVTT remains a contraindication for

T. Segmental or lobar PVTT is acceptable for LT in highly selected

atients. AFP level and 

18 F-FDG standard uptake value should be

onsidered when selecting patients. 
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