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Abstract
Background: Tumor viability and areas of necrosis after pretransplant downstaging therapy is predictive
of patient outcome, but has not been evaluated in hepatocellular carcinoma (HCC) recipients with portal
vein tumor thrombus (PVTT).

Methods: Recurrence-free survival (RFS) and overall survival (OS) were compared among PVTT-HCC
patients receiving pretransplant downstaging therapy with and without well response (radiographic tumor
necrosis >50%). Multivariable predictors of well response to downstaging were identi�ed.

Results:  Of 107 patients, downstaging was attempted in 48, and 15 had well response to pretransplant
therapy. Compared with poor response and non-downstaged patients, well response patients had
signi�cantly superior 1-, 2-, and 3-year RFS (72%, 72%, and 72% vs 30.4%, 22.6%, and 22.6%; P = 0.002)
and OS (100%, 90.9%, and 90.9% vs 66.3%, 47.7%, and 47.7%; P = 0.008). Pre-transplant alpha-fetoprotein
(AFP) level <1000ng/mL and radiographic tumor necrosis >50% were independent favorable factors for
lower HCC recurrence rate and better overall survival after liver transplantation (LT). Multivariable
predictors of well response to downstage included well-moderate differentiated tumor on explant and
multiple combined pretransplant locoregional and systematic therapies.

Conclusions: For HCC patients with PVTT and receive pretransplant downstaging therapy, achieving well
response is predictive of signi�cantly better posttransplant outcomes and patients can have acceptable
survival with LT after successful downstaging. Combined locoregional and systematic therapies may
help to improve the responsiveness to downstaging.

Background
Liver transplantation (LT) is the optimal treatment for selected patients with severe liver cirrhosis and
unresectable hepatocellular carcinoma (HCC), who are ful�lling with Milan criteria 1 . However, Milan
criteria is too restrictive and many centers have expanded the selection criteria by incorporating
surrogates of tumor biology such as alpha fetoprotein (AFP), vitamin K absence/antagonist-II (PIVKA-II),
neutrophil to lymphocyte ratio (NLR) and tumor standard uptake value (SUV) de�ned by positron
emission tomography (PET) 2–6 . Increasing evidence show that responses to locoregional therapy
(LRT) can accurately re�ect tumor biology and complete pathologic response to LRT is associated with
improved post-LT outcomes for patients with HCC 7–9 . However, pathological response on explant is
unable to be detected after pre-LT LRT. Identi�cation of knowable preoperative radiographic factors that
can risk stratify HCC patients thus is an area of much demand.

The role of LT for the treatment of HCC patients with PVTT is controversial. Increasing studies have
shown that a subset of the PVTT-HCC patients with favorable tumor biology could have acceptable post-
LT outcome, especially for those after successful preoperative downstaging 4,10–12 . Preoperative
neoadjuvant therapies to improve prognosis of HCC patients with PVTT have been suggested in recent
studies 11,12 . A Japanese study showed that curative surgical resection after down-staging by three-
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dimensional conformal radiation therapy for PVTT combined with hepatic arterial infusion chemotherapy
for advanced HCC results in good long-term survival 13 .

We aim to analyze the rate of well radiographic response to pretransplant downstaging therapy in PVTT-
HCC patients, evaluate the impact of well response on post-LT HCC recurrence and survival, and identify
factors that predict the ability to achieve well response. These predictors may aid to de�ne a tumor’s
biology and maximize the bene�t of LT for HCC patients with PVTT.

Methods
107 hepatocellular carcinoma (HCC) patients with PVTT transplanted during the period of April 2016 to
October 2019 were enrolled. Patients with extrahepatic metastasis or with invasion of hepatic vein and
inferior vena cava were excluded. HCC diagnosis was con�rmed by posttransplant pathology. The
diagnosis of PVTT were based on pre-transplant radiological characteristics (including enhanced CT
scan and MRI) and pathology of the specimen. PVTT was classi�ed as follows 14 : (1) Vp1: tumor
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 �rst branch of portal vein; (4) Vp4: main portal trunk tumor
thrombus. All patients received modi�ed piggyback LT, “no touch” hepatectomy technique was adopted to
minimize tumor cell seeding. Complete clinical and laboratory data were available before operation and
during follow-up. The present study was conducted with the approval of the Institutional Review Board
and Ethics Committee of the Shulan Hospital, Zhejiang Shuren University School of Medicine (Hangzhou,
China) and in accordance with the Declaration of Helsinki. Thus, the study conformed to international
and national regulations. Informed consent was obtained from all of the patients.

Treatment modalities for HCC downstaging consisted of loco-regional and systematic therapy.
Transarterial chemoembolization (TACE) and radiofrequency ablation were the predominant loco-regional
treatment modalities. Systematic therapies include multikinase inhibitors (sorafenib or lenvatinib) and
programmed cell death protein 1 (PD-1) antibody. Patient variables included age, sex, pretransplant AFP,
NLR, platelet to lymphocyte ratio (PLR), C-reaction protein (CRP), maximum tumor diameter, total tumor
diameter, total tumor number, tumor differentiation, degree of PVTT and response to pretransplant
downstaging therapy. Patients were categorized into 3 groups: with well radiographic response, poor
radiographic response and non-downstaged patients. Well radiographic response was de�ned as more
than 50% necrosis or nonviable tumor according to abdominal CT or MRI scan, and poor radiographic
response patients were with less than 50% necrosis or nonviable tumor on radiology. The median interval
time from downstaging therapy to LT was 3.0 months (1.1–10.4 months).

Recipients were followed up closely from the date of operation to death or the last follow-up. Recurrence
was identi�ed by elevation of tumor biomarkers (AFP or PIVKA-II) and positive imaging �ndings. The
median follow up time was 16.4 months (1.5–47.5 months). Post-transplant immunosuppression (IS)
protocol was tacrolimus based (6–10 ng/ml within 3 months, 6–12 months 3–5 ng/ml, beyond 12
months less than 3 ng/ml) and glucocorticoid was given 1000 mg intraoperatively with steroid-free
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regimen post-transplantation. Basiliximab was administrated 20 mg at the �rst and the fourth day
following LT.

OS was de�ned as the time from transplantation to death or last follow-up. RFS was de�ned as a period
from transplantation to recurrence or last follow-up without recurrence. Continuous variables were
described as median and interquartile range, and categorical variables were described as frequency and
percentage. OS and RFS rates were analyzed by the Kaplan–Meier method and log-rank test. Independent
prognostic indicators were assessed by using Cox’s proportional hazard model. A logistic regression
model was used to assess the candidate predictors on the odds of achieving well radiographic response.
Values of P < 0.05 was considered statistically signi�cant.

Results
Baseline Demographics of patients

Among the 107 HCC patients with PVTT, 48 patients received pretransplant downstaging therapy for HCC
with 15 (31%) patients had well response on radiology. Patient, tumor and pretransplant treatment
characteristics are shown in Table 1. To summarize, the median age was 49 years [interquartile range
(IQR) 42–56], and 97% were male. Hepatitis B virus (HBV) infection was the underlying liver disease. The
median pre-transplant AFP was 602.6 (IQR 30.8-13719) ng/ml. The pre-transplant systematic
in�ammatory index such as NLR, PLR and CRP were 4.9 (IQR 3.4-8.5), 153 (IQR 94-234) and 18 (IQR 6.1-
38.8) mg/L, respectively. The majority of patients (89.6%) received TACE, with 66.7% receiving TACE
alone and 22.9% receiving TACE and systematic therapies (sorafenib, lenvatinib or PD-1 antibody). Only
10.4% of patients received other treatments (thermal ablation, radiotherapy, lenvatinib or PD-1 antibody)
without TACE. Concerning the pathology of extracted liver, 47 (43.9%) patients had poorly differentiated
HCC, 88 (82.2%) patients had multifocal tumor, 45 (42.1%) patients had Vp4-PVTT and 80 (74.8%)
patients had total tumor size larger than 8 cm.

Univariate and Multivariate Analysis of Predictors of Well Response to Downstaging Therapy

Among the 48 HCC patients received pretransplant downstaging therapy, 15 (31%) patients had well
response on radiology and 33 (69%) patients had poor response to pretransplant downstaging therapy.
Univariate predictors of well response to downstaging are shown in Table 2. In summary, patients were
less likely to achieve well response to downstaging with pre-transplant AFP ≥1000ng/mL (OR 0.184, 95%
CI, 0.044-0.778, P=0.021), pre-transplant PLR ≥120 (OR 0.208, 95% CI, 0.054-0.799, P=0.022), total tumor
size larger than 8 cm (OR 0.254, 95% CI, 0.066-0.976, P=0.046); or poorly differentiated HCC (OR 0.110,
95% CI, 0.013-0.939, P=0.044). Patients who received multiple combined downstaging therapies (TACE,
thermal ablation, tyrosine kinase inhibitors or PD-1 antibody) were more likely to achieve well response
(OR 6.400, 95% CI, 1.593-25.717, P=0.009).

Multivariate modeling identi�ed independent factors associated with well response, as shown in Table 2.
poorly differentiated HCC (OR 0.06, 95% CI, 0.005-0.693, P=0.024) was independent risk factor associated



Page 5/16

with well response, and multiple combined downstaging therapies (OR 10.884, 95% CI, 1.909-62.047,
P=0.007) was independent favorable factor associated with well response.

Posttransplant HCC Recurrence and Overall Survival

Survival outcomes are shown in Figure 1. Compared with poor response or non-downstaged patients,
patients who achieved well response to downstage had signi�cantly superior 1-, 2-, and 3-year recurrence-
free survival (72%, 72%, and 72% vs 30.4%, 22.6%, and 22.6%; P = 0.002; Fig. 1A) and overall survival
(100%, 90.9%, and 90.9% vs 66.3%, 47.7%, and 47.7%; P = 0.008; Fig. 1B).

As shown in table 3, by the univariate analysis, pre-transplant AFP ≥1000 ng/mL, NLR ≥7, PLR ≥120,
CRP ≥10mg/L, maximum or total tumor size >8cm, poorly differentiated tumor and Vp4-PVTT were risk
factors for both HCC recurrence and inferior overall survival. In addition, tumor necrosis >50% after
downstaging and multiple combined downstaging therapies were both favorable factors for superior
recurrence-free survival and overall survival.

In the multivariate analysis, pre-transplant AFP ≥1000 ng/mL was independent risk factors for post-LT
HCC recurrence (HR 3.032, 95% CI, 1.303-7.057, P=0.010) and overall survival (HR 3.287, 95% CI, 1.154-
9.368, P=0.026). In addition, tumor necrosis >50% after downstaging was associated with superior
recurrence-free survival (HR 0.311, 95% CI, 0.102-0.954, P=0.041) and overall survival (HR 0.116, 95% CI,
0.015-0.889, P=0.038) (Table 4).

Discussion
PVTT is conventionally considered as a contraindication for LT due to the high risk of posttransplant
recurrence and dismal outcome in the context of organ shortage 15,16 . However, they still can have
some long-term survivors following LT with far superior outcome compared to other alternative therapy.
The extent of PVTT affects tumor recurrence and overall survival after LT. Compared with lobar PVTT,
segmental PVTT portends signi�cantly lower posttransplant recurrence rate and superior overall survival,
especially when the pretransplant AFP is < 100 ng/mL 17 . A multi-center study from South Korea
suggested that if the PVTT was not in the main portal vein and the AFP and PIVKA-II score was less than
300, LDLT could be performed with an improved prognosis and considered as a curative treatment option
4 . Our previous study showed pre-transplant AFP level less than 1000 ng/ml and intrahepatic tumor

SUVmax less than 5 were associated with better patient outcomes after LT for PVTT-HCC, and patients

with segmental or lobar PVTT and biologically favorable tumors de�ned by AFP and 18F-FDG SUVmax

might take bene�t from LT 18 .

Pretransplant neoadjuvant therapy for advanced HCC patients is recommended to improve patient
outcome in recent studies. In South Korea, for HCC patients with macrovascular invasion and achieved
successful downstaging, LDLT after combined TACE and 3-dimensional conformal radiotherapy showed
acceptable oncologic outcomes, with 3-year OS rates of 60.5% 11 . Recently, in an Indian study 12 ,
protocol downstaging of HCC with PVTT consisted of stereotactic body radiotherapy (SBRT) for major
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PVTT and chemoembolization or radioembolization for advanced HCC. This group of patients can have
acceptable survival after successful downstaging following LDLT. Initial AFP < 400 ng/ml and AFP fall > 
2000 ng/ml favorably in�uence survival in these patients.

Increasing evidence suggested that responses to neoadjuvant LRT were important determinants of post-
LT outcomes for patients with HCC. Besides the serological biomarkers, pathological changes on explant
was one of the most important surrogates to evaluate the e�cacy of LRT. According to a multicenter
study from the United States, for LT recipients with HCC receiving pretransplant LRT, achieving complete
pathologic response portends signi�cantly lower posttransplant recurrence and superior survival 7 .
However, pathological response on explant was unable to be detected after pre-LT LRT. In the present
study, preoperative assessment on radiology was introduced, and well radiographic response was de�ned
as more than 50% necrosis or nonviable tumor according to abdominal CT or MRI scan. Compared with
poor response or non-downstaged patients, patients who achieved well response to downstage had
signi�cantly superior 1-, 2-, and 3-year recurrence-free survival and overall survival. Tumor necrosis > 50%
after downstaging was independent factor to predict better RFS and OS. According to the literature,
complete pathological response after pretransplant therapy ranges from 10 to 54% in different protocols
9 . In our patients, we saw 31% HBV background HCC patients with PVTT could achieve well response to

pretransplant therapy (with radiographic tumor necrosis > 50%).

The treatment modalities for HCC with PVTT include multikinase inhibitors, chemoembolization,
radioembolization, immunotherapy and radiology. Previous studies have demonstrated that TACE is
associated with signi�cant survival bene�ts when compared with best supportive care 19 . With the
introduction of multikinase inhibitors for HCC, TACE combined with sorafenib could signi�cantly improve
OS compared with TACE monotherapy alone 20 . In addition, combination strategy of radiotherapy plus
TACE or sorafenib surpasses monotherapy as well 21,22 . However, for patients with advanced HCC with
PVTT, there is no signi�cantly difference treated with TACE plus radiotherapy and TACE plus sorafenib in
terms of progression-free survival and OS 23 . Since the emerging of immunotherapy for HCC, most
recent studies on the combination of immune checkpoint inhibitor and anti-angiogenic agent has shown
synergic anti-tumor bene�ts 24 . In our study, the majority of patients (89.6%) received TACE, with 22.9%
receiving TACE and systematic therapies (sorafenib, lenvatinib or PD-1 antibody). Patients who received
multiple combined downstaging therapies (TACE, thermal ablation, tyrosine kinase inhibitors or PD-1
antibody) were more likely to achieve well response and better outcomes.

Our study does have some limitations. First of all, our study does not incorporate serological biomarkers,
such as AFP slope, to assess the effects of downstaging therapy. We are in the process of evaluating
these data as an important next step for study. Second, the combination strategy of pretransplant
downstaging modalities for an individual tumor is yet to be optimized. Third, this is a retrospective study
and especially con�ned to a small patient cohort with a short follow-up, and further large-scale analyses
are required in order to make saver conclusions.

Conclusion
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For HCC patients with PVTT and receive pretransplant downstaging therapy, achieving well response is
predictive of signi�cantly better posttransplant outcomes and patients can have acceptable survival with
LT after successful downstaging. Combined locoregional and systematic therapies may help to improve
the responsiveness to downstaging.

Abbreviations
HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; HBV, Hepatitis B virus; AFP, alpha-
fetoprotein; PIVKA-II, vitamin K absence/antagonist-II; NLR, neutrophil to lymphocyte ratio; PLR, platelet to
lymphocyte ratio; CRP, C-reaction protein; SUV, standard uptake value; PET, positron emission tomography;
LRT, locoregional therapy; TACE, transarterial chemoembolization; RFS, recurrence-free survival; OS,
overall survival; OR, odds ratio; HR, hazard ratio; CI, con�dence interval; IQR, interquartile range.
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Table 1
Characteristics of liver transplant recipients with PVTT-HCC

Variables Overall

(n = 107)

Well response

(n = 15)

Poor response (n 
= 33)

Non-
downstaged

(n = 59)

Median age, years
(IQR)

49 (42–56) 53 (48–59) 52 (41–60) 48 (39–53)

Sex, male, n (%) 97 (90.7) 15 (100) 29 (87.9) 53 (89.8)

AFP pre-LT, median
(IQR)

602.6 (30.8-
13719)

118.4 (21.4–
773)

1210 (99.7-16859) 918.4 (30.1-
17801)

NLR pre-LT, median
(IQR)

4.9 (3.4–8.5) 4.2 (2.9–9.8) 3.8 (3.1–6.5) 5.6 (4.4–10)

PLR pre-LT, median
(IQR)

153 (94–234) 76 (47–190) 150 (109–200) 172 (109–282)

CRP pre-LT, median
(IQR)

18 (6.1–38.8) 11 (5.0-30.2) 17.9 (6.0-54.1) 18.5 (9.9–36.8)

Maximum tumor size,
n (%)

       

< 8 cm 54 (50.5) 12 (80) 17 (51.5) 25 (42.4)

> 8 cm 53 (49.5) 3 (20) 16 (48.5) 34 (57.6)

Total tumor size, n (%)        

< 8 cm 27 (25.2) 7 (46.7) 6 (18.2) 14 (23.7)

> 8 cm 80 (74.8) 8 (53.3) 27 (81.8) 45 (76.3)

Tumor number, n (%)        

single 19 (17.8) 4 (26.7) 4 (12.1) 11 (18.6)

multiple 88 (82.2) 11 (73.3) 29 (87.9) 48 (81.4)

Tumor differentiation,
n (%)

       

well-moderate 60 (56.1) 14 (93.3) 20 (60.6) 26 (44.1)

poor 47 (43.9) 1 (6.7) 13 (39.4) 33 (55.9)

Patient, tumor, pretransplant treatment and response to downstaging therapy in recipients of liver
transplant for HCC with PVTT

HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; IQR, interquartile range; AFP, alpha-
fetoprotein; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CRP, C-reaction
protein; TACE, transarterial chemoembolization.
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Variables Overall

(n = 107)

Well response

(n = 15)

Poor response (n 
= 33)

Non-
downstaged

(n = 59)

PVTT grade, n (%)        

Vp2-3 62 (57.9) 10 (66.7) 19 (57.6) 33 (55.9)

Vp4 45 (42.1) 5 (33.3) 14 (42.4) 26 (44.1)

Modality of treatment,
n (%)

       

TACE alone 32 (66.7) 6 (40.0) 25 (75.8) 0 (0)

TACE + systematic
therapies

11 (22.9) 7 (46.7) 4 (12.1) 0 (0)

Other 5 (10.4) 2 (13.3) 4 (12.1) 0 (0)

Patient, tumor, pretransplant treatment and response to downstaging therapy in recipients of liver
transplant for HCC with PVTT

HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; IQR, interquartile range; AFP, alpha-
fetoprotein; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CRP, C-reaction
protein; TACE, transarterial chemoembolization.
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Table 2
Univariate and multivariate analysis evaluating predictors of well response to downstaging therapy

  Univariate Analysis Multivariate Analysis

Variables OR 95% CI P OR 95% CI P

Recipient age ≥ 50 y 1.882 0.527–6.718 0.330      

AFP ≥ 1000 ng/mL, pre-LT 0.184 0.044–0.778 0.021      

NLR ≥ 7, pre-LT 1.636 0.385–6.951 0.505      

PLR ≥ 120, pre-LT 0.208 0.054–0.799 0.022      

CRP ≥ 10 mg/L, pre-LT 0.653 0.189–2.252 0.500      

Maximum tumor size > 8 cm 0.266 0.063–1.118 0.071      

Total tumor size > 8 cm 0.254 0.066–0.976 0.046      

Tumor number, multiple 0.379 0.081–1.787 0.220      

Tumor differentiation, poor 0.110 0.013–0.939 0.044 0.060 0.005–0.693 0.024

PVTT grade (Vp4 vs Vp2-3) 0.679 0.189–2.432 0.552      

Combined therapiesb 6.400 1.593–25.717 0.009 10.884 1.909–62.047 0.007

Poorly differentiated HCC was independent risk factor associated with well response, and multiple
combined downstaging therapies was independent favorable factor associated with well response

AFP, alpha-fetoprotein; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CRP, C-
reaction protein; PVTT, portal vein tumor thrombus; OR, odds ratio; CI, con�dence interval.

b Transarterial chemoembolization, tyrosine kinase inhibitors and PD-1 antibody
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Table 3
Univariate analysis of tumor recurrence and overall survival

  Tumor Recurrence Overall Survival

Variables HR 95% CI P HR 95% CI P

Recipient age ≥ 50 y 0.803 0.509–1.268 0.347 0.774 0.435–1.377 0.384

Recipient gender, male 0.687 0.329–1.432 0.687 0.597 0.252–1.411 0.240

AFP ≥ 1000 ng/mL, pre-LT 2.679 1.682–4.266 < 
0.001

3.325 1.795–6.160 < 0.001

NLR ≥ 7, pre-LT 1.909 1.182–3.082 0.008 2.511 1.409–4.477 0.002

PLR ≥ 120, pre-LT 2.285 1.366–3.823 0.002 2.246 1.142–4.415 0.019

CRP ≥ 10 mg/L, pre-LT 2.109 1.251–3.555 0.005 4.451 1.884–10.515 0.001

Maximum tumor size > 
8 cm

2.621 1.632–4.208 < 
0.001

2.133 1.175–3.871 0.013

Total tumor size > 8 cm 2.560 1.376–4.764 0.003 3.172 1.254–8.021 0.015

Tumor number, multiple 1.266 0.682–2.349 0.455 1.483 0.629–3.493 0.368

Tumor differentiation, poor 1.770 1.123–2.790 0.014 2.643 1.464–4.771 0.001

PVTT grade (Vp4 vs Vp2-3) 1.852 1.173–2.925 0.008 2.804 1.553–5.064 0.001

Pretransplant treatment 0.641 0.399–1.029 0.065 0.847 0.473–1.517 0.577

Tumor necrosis > 50% 0.234 0.085–0.642 0.005 0.110 0.015–0.797 0.029

Combined therapiesb 0.267 0.080–0.888 0.031 0.134 0.018–1.003 0.050

Risk factors on posttransplant HCC recurrence and overall survival in patients with PVTT a. Univariate
Cox regression analyses were carried out to determine predictors of tumor recurrence and overall
survival

HR, risk ratio; 95% CI, 95% con�dence interval; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein;
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CRP, C-reaction protein; PVTT,
portal vein tumor thrombus; HR, hazard ratio; CI, con�dence interval.

a Cox proportional hazards regression

b Transarterial chemoembolization, tyrosine kinase inhibitors and PD-1 antibody
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Table 4
Multivariable analysis of tumor recurrence and overall survival

  Tumor Recurrence Overall Survival

Variables HR 95% CI P HR 95% CI P

AFP ≥ 1000 ng/mL, pre-LT 3.032 1.303–7.057 0.010 3.287 1.154–9.368 0.026

Tumor necrosis > 50% 0.311 0.102–0.954 0.041 0.116 0.015–0.889 0.038

Multivariate analysis evaluating risk factors on posttransplant HCC recurrence and overall survival in
the subset of patients with PVTT a. Variables displaying a p value < 0.05 were included in the
multivariable Cox regression model

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; HR, hazard
ratio; CI, con�dence interval.

a Cox proportional hazards regression

Figures

Figure 1

Outcome of HCC patients with PVTT who underwent LT. Kaplan–Meier RFS (A) and overall survival (B)
after LT for HCC with PVTT strati�ed by radiographic response after pretransplant downstaging therapy.
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HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; LT, liver transplantation; RFS,
recurrence-free survival; OS, overall survival.


