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Background: Malignancies are generally considered a risk factor for deep vein thrombosis and may hamper the recanalisation of
thrombosed veins.

Aim: We investigate whether the natural course and response to anticoagulant treatment of bland portal vein thrombosis (PVT) in
patients with cirrhosis complicated by hepatocellular carcinoma (HCC) differ from those without HCC.

Methods: Retrospective study in two hepatology referral centres, in Italy and Romania where patients with a diagnosis of PVT on
cirrhosis and follow-up of at least 3 months with repeated imaging were included.

Results: A total of 162 patients with PVT and matching inclusion and exclusion criteria were identified: 30 with HCC were compared
to 132 without HCC. Etiologies, Child-Pugh Score (7 vs 7) and MELD scores (11 vs 12, p=0.3679) did not differ. Anticoagulation was
administered to 43% HCC vs 42% nonHCC. The extension of PVT in the main portal trunk was similar: partial/total involvement was
73.3/6.7% in HCC vs 67.4/6.1% in nonHCC, p=0.760. The remainder had intrahepatic PVT. The recanalization rate was 61.5% and
60.7% in HCC/nonHCC in anticoagulated patients (p=1). Overall PVT recanalisation, including treated and untreated patients, was
observed in 30% of HCC vs 37.9% of nonHCC, p=0.530. Major bleeding incidence was almost identical (3.3% vs 3.8%, p=1).
Progression of PVT after stopping anticoagulation did not differ (10% vs 15.9%, respectively, HCC/nHCC, p=0.109).

Conclusion: The course of bland non-malignant PVT in cirrhosis is not affected by the presence of active HCC. Treatment with
anticoagulation in patients with active HCC is safe and as effective as in nonHCC patients, this can potentially allow us to use
otherwise contraindicated therapies (ie TACE) if a complete recanalization is achieved with anticoagulation.
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Introduction
Portal vein thrombosis (PVT) consists of the presence of a venous thrombus located within the meso-splenic-portal
system. It is a rare event in the general population but occurs more frequently in patients with liver cirrhosis due to
various disease-related abnormalities,' and its incidence increases with the severity of the liver disease. The prevalence of
PVT ranges between 0.6% and 26% in cirrhotic patients.”® As PVT may cause short-term as well as long-term
complications, adopting adequate diagnostic and therapeutic measures could be of paramount importance.”*

The presence of active cancer is a known, very relevant factor favouring the occurrence of deep vein thrombosis and
pulmonary embolism, and the cellular type may influence the clinical course of such complications.” Moreover, it also
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increases the risk of recurrences of pulmonary thromboembolism and the occurrence of bleeding episodes in cases of
anticoagulation compared to non-cancer conditions or even with only a history of cancer.®

Patients with hepatocellular carcinoma (HCC) may not only suffer portal vein tumour infiltration but are also often
affected by bland non-neoplastic PV T, which is possibly favoured by malignancy and by the presence of underlying liver
cirrhosis.”® The presence of bland PVT does not change the tumour stage but alters hepatic perfusion and impacts portal
hypertension, affecting the possibility of delivering effective HCC treatment, which would be foreseen for that specific
tumour stage. For instance, portal vein occlusion may contraindicate endovascular tumour treatment with chemoembo-
lisation. The contraindication derives from the risk of inducing hepatic infarctions caused by the complete (arterial and
portal) blood inflow blockade with consequent liver function deterioration. Moreover, an extensive PVT may hamper the
technical possibility of liver transplantation, for which HCC has recently become a common indication. Finally, PVT
occurrence induces portal hypertension, potentially contraindicating surgical resections of HCC. Therefore, resolving the
presence of bland PVT in HCC patients could certainly be beneficial.

Whether the presence of HCC impacts the capacity of anticoagulant treatment to restore venous patency or increases
the risk of bleeding under anticoagulation, as it happens in other cancers,’ has very scarcely been investigated so far, thus
the decision to start an anticoagulant treatment in this group of patients is usually controversial.

Therefore, to elucidate this issue, we took advantage of a large retrospectively collected case series of patients with
PVT,® these patients were either treated with anticoagulants or did not receive any kind of treatment for PVT according to
the physician choice since no clear recommendation was available at that time.

Patients and Methods

Patients
Patients for the present study were obtained from a previously published retrospective study investigating the safety and
effectiveness of anticoagulants in cirrhosis.” For general inclusion and exclusion criteria, see Pettinari et al.”

Briefly, a total of 182 patients with PVT were retrospectively identified in two hepatology referral centres in Italy and
Romania. Inclusion criteria were as follows: diagnosis of bland non-neoplastic PVT on cirrhosis between January 2008
and March 2016 based on strict imaging criteria and biopsy when needed,'® at least 3 months of follow-up with repeated
imaging after diagnosis.

The main exclusion criterion was the presence of active non-hepatocellular malignancy. For this study, a history of
previously treated HCC with no recurrent active tumour was considered as an additional exclusion criterion since these
patients could not have been attributed to either one or the other study group.

Recanalization of the PVT was defined as complete clearance of the main portal vein trunk (if involved) or reduction
by 50% in thrombus size (thickness or longitudinal extension).

Statistical Analysis

Descriptive analyses of categorical variables were performed using absolute numbers and percentages and continuous
variables using the mean and standard deviation or median and quartiles after assessing variable distribution using the
Kolmogorov—Smirnov test. Categorical variables were compared with Fisher exact test and continuous variables with
Student-t. Survival was calculated from the first PVT diagnosis to death/liver transplantation or the last follow-up visit
and expressed as median and 95% confidence interval (95% CI). Survival curves were generated using the Kaplan—-Meier
method and compared with the Log rank test. A two-tailed p < 0.05 was considered statistically significant. All statistical
analyses were performed using the ®SPSS 21.0 statistical package (SPSS Inc., Chicago, Illinois, USA).

Ethics

The study was conducted in compliance with the Declaration of Helsinki and was approved by the Ethics Committees of
the General and University Hospital Sant’Orsola-Malpighi, Bologna, Italy, and of the University of Medicine and
Pharmacy “Iuliu Hatieganu”, Cluj-Napoca, Romania (111/2015/0/OssN). Written informed consent was obtained from
each patient.
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Results

Patient’s Baseline Characteristics at the Time of PVT Diagnosis

After excluding 20 patients from the previous series due to a history of previously treated HCC with no recurrent active
tumour, a final study population of 162 patients was obtained, of whom 30 with active untreated HCC and 132 without
active HCC.

The mean age of patients was 57.6+11.4 years; most were male (n=111, 68.5%). Liver cirrhosis was mainly caused by
alcohol abuse (n=51, 28.0%), followed by HCV infection (n=49, 26.8%). Splitting patients according to the presence or
absence of active HCC, no differences were found between the two groups regarding age, sex and etiology of liver
cirrhosis. BCLC stage in HCC patients was as follows: “Very early = BCLC-0” (n=2, 6.6%), “Early = BCLC-A” (n=22,
73.3%), “Intermediate = BCLC-B” (n=3, 10%) and “advanced = BCLC-C” (n=3, 10%). Also, liver function, expressed
as either Child-Pugh score (7 [5-12] and 7 [5-13]; p=0.864) or MELD score (11 [8-22] and 12 [7-29]; p=0.367) did not
differ between the two groups. Nonetheless, patients with HCC had slightly lower values of bilirubin and INR in
comparison to patients without HCC (2.0 £ 1.3 and 2.5 £ 2.4 mg/dl; p=0.010; 1.2 + 0.4 and 1.4 + 0.5; p=0.010
respectively). Other demographic and clinical characteristics of the study population are summarised in Table 1.

Table 1 Demographic and Clinical Characteristics of Patients with and without HCC at the Time of PVT Diagnosis

Clinical Characteristics All Patients N=162 | HCC (n=30) | No HCC (n=132) P value
Age (years) (mean, SD) 576 114 58.03 + 10.7 575+ 11.6 0.977
Male gender (n, %) 11 (68.5) 24 (80) 87 (65.9) 0.191
Etiology*
HCV (N;%) 49 (26.8) 12 (40) 33 (25) 0.121
HBV (N;%) 22 (12.1) 2 (6.7) 18 (13.6) 0.371
HCV+HBV (N;%) 8 (4.4) 0 6 (4.5) 0.595
Virus + alcohol (N;%) 14 (7.7) 4 (13.3) 9 (6.8) 0.270
Alcohol (N;%) 51 (28.0) 7 (23.3) 39 (24.1) 0.511
NASH (N%%) 9 (4.9) 2 (6.7) 5(3.1) 0.617
NASH + alcohol (N;%) 3 (1.6) I (3.3) 2 (1.5) 0.343
Autoimmune (N;%) 8 (4.3) 0 8 (6.1) 0.354
Critpogenethic (N;%) 13 (7.1) 2 (6.7) 10 (7.6) |
Liver function
Child Pugh score (median; range) 7 (5-13) 7 (5-12) 7 (5-13) 0.864
Child-Pugh class
A (N;%) 68 (42) 43 13 (43.3) 55 (41.7) |
B (N;%) 71 (44) 15 (50) 56 (42.4) 0.542
C (N;%) 23 (14) 2 (6.7) 21 (15.9) 0.254
MELD (median; range) 12 (7-29) 11 (8-22) 12 (7-29) 0.367
(Continued)
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Table | (Continued).

Clinical Characteristics All Patients N=162 | HCC (n=30) | No HCC (n=132) P value
Ascites (N;%) 93 (57.4) 18 (60) 75 (56.8) 0.839
Varices (N;%)* 126 (79.2) 20 (66.7) 106 (80.3) 0.142
Fl (N;%) 79 (49.7) 11 (36.7) 71 (53.8) 0.107
F2 (N;%) 35 (22.0) 9 (30) 26 (19.7) 0.225
F3 (N;%) 9 (5.7) 0 9 (6.8) 0.212
Treatment esophageal varices prior PVT (N;%) 50 (28.6) 5 (l16.7) 45 (30.9) 0.080
Treatment gastric varices prior PVT (N;%) 3 (1.8) 1 3.3) 2 (1.5) 0.461
Esophageal bleeding 6 months prior PVT (N;%) 30 (l6.5) 1 (3.3) 29 (19.1) 0.017
Laboratory tests

Bilirubin (mg/dL) (mean; SD) 24 (2.2) 2.0 (1.3) 2.5 (24) 0.010
Platelet count (mean; SD) 95.8 (73.7) 83.9 (44.2) 98.9 (79.5) 0.151
INR (mean; SD) 1.4 (0.5) 1.2 (0.4) 1.4 (0.5) 0.010
Documented infection at PVT diagnosis (N;%) 20 (12.3) 3 (10) 17 (12.9) |
Bleeding complication during PVT (N;%) 37 (22.8) 4 (13.3) 33 (25) 0.230

Notes: *Data available in 159 patients. The bold font indicates p-values less than 0.05.
Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, non alcoholic steato-hepatitis; INR, international normalized ratio; MELD, model for end-
stage liver disease; HCC, hepatocellular carcinoma.

Portal Vein Thrombosis Features at Diagnosis

Both in HCC and non-HCC groups, PVT was mostly diagnosed with US examinations, even though the diagnosis was
made with CT scan in a higher proportion of patients with than without liver cancer (n=13, 43.3% vs n=27, 20.4%
p=0.017), due to the more extensive imaging assessment in patients with an active malignancy. The majority of subjects
showed thrombotic involvement of the main portal vein trunk (all patients: n=121, 74.7%; HCC patients: n=24, 80% and
nonHCC patients: n=97, 73.5%; p=0.642). Approximately half of the patients showed involvement of the intrahepatic
vein branches, either isolated or associated with portal trunk PVT, without a difference between the two groups (all
patients: n=82, 50.6%; HCC patients: n=13, 43.3% and non-HCC patients: n=69, 52.3%; p=0.422). Table 2 shows that
more patients with active HCC presented extension of PVT to the superior mesenteric vein at the time of diagnosis
(n=11, 36.7% vs n=25, 15.9%; p=0.050), but fewer showed extension to the splenic vein (n=1, 3.3%/0 vs n=18, 13.6%/
n=3, 2.3%; p=0.184) than cirrhotics without HCC.

Anticoagulant Treatment and Course of Portal Vein Thrombosis

Considering the whole study population, 69 (42.6%) patients were treated with anticoagulant therapy, with similar rates
in the two study groups (HCC group: n=13, 43.3% and non-HCC group: n=56, 42.4%; p=1) (Table 3). Anticoagulation
was promptly started after PVT diagnosis in most cases, as expected (Table 4). The mean treatment duration was 13.7
+14.5 months but shorter in patients with liver cancer (6.5 + 4.6 vs 15.5 + 15.6 months; p=0.004). A total of 50 patients
(30.9%) received low molecular weight heparin (LMWH), 10 (6.2%) oral anticoagulants (vitamin K antagonists VKAs)
and 9 (5.5%) fondaparinux, without difference between patients with and without HCC. No differences were found in the
administered dose (Table 4).
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Table 2 Portal Vein Thrombosis and Imaging Characteristics of Patients with PVT

All Patients N=162 HCC (n=30) No HCC (n=132) P value

Diagnosis
Ultrasound (N;%) 116 (71.6) 14 (46.7) 102 (77.3) 0.001
CT (N;%) 40 (24.7) 13 (43.3) 27 (20.4) 0.017
MR (N;%) 6 (3.7) 3 (10) 3(2.3) 0.078
Portal vein trunk (N;%) 121 (74.7) 24 (80) 97 (73.5) 0.642
Partial (N;%); Total (N;%) 111 (68.5)/10 (6.2) 22 (73.3)/12 (6.7) 89 (67.4)/8 (6.1) 0.760
Intrahepatic branches (N;%) 82 (50.6) 13 (43.3) 69 (52.3) 0.422
Partial (N;%); Total (N;%) 65 (40.1)/17 (10.5) 12 (40)/1 (3.3) 53 (40.1)/16 (12.1) 0.334
Splenic vein (N;%) 22 (13.6) 1 (3.3) 21 (15.9) 0.080
Partial (N;%); Total (N;%) 19 (11.7)/3 (1.8) 1 (3.3)/0 18 (13.6)/3 (2.3) 0.184
Superior mesenteric vein (N;%) 36 (22.2) Il (36.7) 25 (15.9) 0.050
Partial (N;%); Total (N;%) 31.(19.1)/5 (3.1) 9 (30)/2 (6.7) 22 (16.7)/3 (2.3) 0.091
Cavernoma (N;%)* 20 (12.7) 2 (6.7) 18 (13.6) 0.373
Splenomegaly (N;%) 148 (91.3) 27 (90) 121 (91.7) 0.672
Recanalization at the end of follow-up (N;%) 59 (36.4) 9 (30) 50 (37.9) 0.530
Partial (N;%); Total (N;%) 27 (16.7)/132 (19.7) 3 (10)/6 (20) 24 (18.2)/26 (19.7) 0.543

Note: *Data available in 157 patients.

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.

Table 3 Baseline Characteristics of Patients Who Received Anticoagulation (n=69)
Variable All Patients (n=69) | HCC (n=13) | No HCC (n=56) P value
Age (years) (mean, SD) 58.07 = 11.4 60.23 = 10.7 56.64 = 11.4 0.109
Male gender (n, %) 47 (65.5) I'l (80.5) 36 (60.7) 0.238
Etiology*
HCV (N;%) 22 (31.0) 6 (40) 16 (28.6) 0.121
HBV (N;%) 12 (16.9) 2 (6.7) 10 (17.9) 0.105
HCV+HBV (N;%) 1 (1.4) 0 1 (1.8) 0.595
Virus + alcohol (N;%) 5(7.0) 0 (13.3) 4 (7.1) 0.194
Alcohol (N;%) 13 (18.3) 4(23.3) 9 (le.1) 0.436
NASH (N%%) 4 (5.6) 2 (6.7) 3(54) 0.228
NASH + alcohol (N;%) 0 (0) 1 (3.3) 0 (0) 0.586
Autoimmune (N;%) 4 (5.6) 0 4(7.1) 0.034
Critpogenethic (N;%) 6 (8.5) 0 6 (10.7) 0.009
Liver function
Child Pugh score (median; range) 6 (5-13) 7 (5-12) 7 (5-13) 0.330

(Continued)
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Table 3 (Continued).
Variable All Patients (n=69) | HCC (n=13) | No HCC (n=56) P value
Child-Pugh class
A (N;%) 30 (48.4) 43 13 (43.3) 27 (48.2) 0.542
B (N;%) 27 (43.5) 15 (50) 24 (42.9) 0.364
C (N;%) 5(8.1) 2 (6.7) 5(8.9) 0.290
MELD (median; range) Il (7-29) Il (8-22) Il (7-29) 0.367
Ascites (N;%) 93 (57.4) 18 (60) 29 (51.8) 0.471
Varices (N;%)* 57 (83.1) Il (66.7) 46 (83.9) 0.817
FI (N;%) 45 (63.4) 8 (36.7) 37 (66.1) 0.451
F2 (N;%) 9 (14.1) 3 (30) 6 (10.7) 0.328
F3 (N;%) 4 (5.6) 0 3(7.0) 0.057
Treatment esophageal varices prior PVT (N;%) 22 (31.0) 4 (16.7) 18 (32.1) 0.120
Treatment gastric varices prior PVT (N;%) 0 (0) 0 (0) 0 (0)
Esophageal bleeding 6 months prior PVT (N;%) 9 (14.1) 1 (7.7) 8 (14.3) 0.081
Laboratory tests
Bilirubin (mg/dL) (mean; SD) 1.9 (1.4) 2.0 (1.3) 25 (24) 0.640
Platelet count (mean; SD) 81.6 (58.7) 83.9 (44.2) 88.6 (60.2) 0.179
INR (mean; SD) 1.3 (0.5) 1.2 (0.4) 1.3 (0.2) 0.014
Documented infection at PVT diagnosis (N;%) 4 (5.6) 0 (0) 4 (7.2) 0.726
Bleeding complication during PVT (N;%) 17 (22.8) 2 (15.4) 15 (26.8) 0.150
Table 4 Treatment Characteristics in Patients with and without HCC at the Time of PVT Diagnosis
All Patients N=162 | HCC (n=30) | No HCC (n=132) P value
Treatment (N;%) 69 (42.6) 13 (43.3) 56 (42.4) [
Therapy started at PVT diagnosis (N;%) (N;%) 50 (30.9) 7 (23.3) 43 (32.6) 0.386
Interval onset start therapy
< 6 months (N;%) 55 (33.9) 13 (43.3) 42 (31.8) 0.166
7-12 months (N;%) 8 (4.9) I (3.3) 7 (5.3) [
2 |3 months (N;%) 6 (3.7) 0 6 (4.5) 0.342
Type of treatment
LMWH (N;%) 50 (30.9) 13 (43.3) 37 (28.0) 0.054
VKA (N;%) 10 (6.2) 0 10 (7.5) 0.674
Fondaparinux (N;%) 9 (5.5) 0 9 (6.8) 0.194
(Continued)
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Table 4 (Continued).

All Patients N=162 | HCC (n=30) | No HCC (n=132) P value
Dose
Daily (N;%) 45 (27.8) 7 (23.3) 38 (28.8) 0.217
Twice daily (N;%) 24 (14.8) 6 (23.3) 18 (13.6) 0.128
Therapy duration (months) (mean £SD) 13.7 £ 145 6546 155 %156 0.004
Recanalization at the end of follow-up (N;%) 59 (36.4) 9 (30) 50 (37.9) 0.530
Partial (N,%)/Total (N;%) 27 (16.7)/32 (19.7) 3 (10)/6 (20) | 24 (18.2)/26 (19.7) 0.543
Recanalization after therapy
3 months (N;%) 20 (12.3) 5(16.7) 15 (11.4) 0.528
6 months (N;%) 11 (6.8) 1 (3.3) 10 (7.5) 0.450
12 months (N;%) 6 (3.7) 2 (6.7) 4 (3.0 0.594
Time between start and recanalization (months + SD) 45+ 3.6 3.6 %36 48 + 3.6 0.469
Progression PVT during therapy (N;%) 10 (6.2) 0 10 (7.5) 0.110
Progression PVT after therapy (N;%) 24 (14.8) 3 (10) 21 (15.9) 0.109
Beta-blockers during therapy (N;%) 51 (31.5) 10 (30) 41 31.1) |
Causes stop therapy
OLT (N;%) | (0.6) 0 I (0.7) |
Bleeding complications (N;%) 6 (3.7) 1 (3.3) 5(3.8) |
Thrombocytopenia (N;%) 3(1.8) 0 3(23) |
Other complications (N;%) | (0.6) 0 1 (0.7) |
Not for complications (N;%) 11 (6.8) 2 (6.7) 9 (6.8) |

Note: The bold font indicates p-values less than 0.05.
Abbreviations: LMWH low molecular weight heparin; VKA vitamin K antagonist; OLT, orthotopic liver transplantation.

Portal Vein Recanalization

A total of 59 (36.4%) patients showed portal vein recanalization, which was partial in 27 (16.7%) and complete in 32
(19.7%), mean time to recanalization was 4.5 + 3.6 months. No differences were found both in recanalization rates and in
mean time to recanalization between HCC and non-HCC groups (n=9, 30% vs n=50, 37.9%; p=0.530 and 3.6 = 3.6 vs 4.8
+ 3.6 months; p=0.469, respectively). Considering only patients treated with anticoagulant therapy, 35 experienced portal
vein recanalisation at the end of follow-up, with no differences between HCC and non-HCC groups (n=6, 46.1%, n=29,
51.9%, p=0.631). Thirty-one non-HCC patients developed PVT progression, of whom 10 (7.5%) during and 21 (15.9%)
after stopping anticoagulation, in comparison to 3 (10.0%) patients with active HCC who showed PVT progression, all of
them after the stop of treatment. Bleeding complications led to premature discontinuation of anticoagulant therapy in 1
(3.3%) patient with HCC and 5 (3.8%) patients without HCC (p=1). At the end of follow-up (mean time 23.6 + 18.6
months), 25 (83.3%) HCC patients and 108 (81.8%) non-HCC patients were alive. The median overall survival of
patients with HCC was 50.0 months (95% CI: 35.3-64.8) versus 66.0 months (95% CI: 56.5-75.5) of patients without
active HCC (p=0.739). The survival did not differ between the two groups, also considering only the anticoagulated
patients (HCC group: 52.6 months (95% CI: 31.8-73.4); non-HCC group: 68.9 months (95% CI: 60.0-77.9); p=0.535).
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Discussion
The present data show that the presence of early stage HCC does not negatively affect the course of bland PVT and the
response to anticoagulation.

Malignancies are generally considered a risk factor for deep vein thrombosis and may hamper the recanalisation of
thrombosed veins.'' HCC often occurs in cirrhosis, a condition suffering an incidence of up to 20%/year of bland non-
neoplastic PVT, depending on the severity of liver dysfunction.”® PVT is a frequent complication in liver cirrhosis,*”*
but its natural history and therapeutic management have been partially and only recently explored by scientific research
and international guidelines, but the specific field of patients with primary liver cancer with PVT and cirrhosis lack
similar information and have been hardly objected of dedicated research. Liver cirrhosis has historically been considered
a condition prone to coagulopathy-related bleeding risk due to the low platelet count and prolonged INR, however this
paradigm has been recently challenged because spontaneous bleeding was not found to occur with increased frequency in
cirrhosis (excluding that from the upper gastrointestinal system, which is specifically induced by portal hypertension), as
demonstrated by a low rate of intracranial haemorrhage events compared with a control population.'?

Due to these safety concerns and borderline clinical benefits'* '

anticoagulation treatment in cirrhotic patients with
PVT has been largely underutilized, only recently consensus of expert shifted toward a more decise recommendation to
treat with anticoagulation patients with bland PVT.'®!” However, given the relatively weak strength of evidence
supporting this recommendation, the individual choice regarding anticoagulation is still often debated and physicians
usually take in consideration also personal attitudes such as fear of bleeding or patient conditions, awaiting stronger
scientific evidence.

While solid data from well-designed randomized trial are lacking, published evidence tends to suggest that antic-
oagulation in cirrhosis is at least safe,”'® provided that patients are adequately managed (prophylaxis of esophageal
bleeding and type and dosage of anticoagulation accurately tailored).®*'

In connection with the issue of any possible survival benefit from anticoagulation rather than harm, the published
findings are far from conclusive.”'*'*'*%* Unfortunately, only a few retrospective studies are available, which implies
significant risks of bias when drawing conclusions about survival. In fact, factors such as the severity of liver dysfunction
could have influenced both survival and the decision to start anticoagulation. In conclusion, data cannot lead to any
message about generalised treatment with anticoagulation in all cirrhotic patients with PVT, but at the same time, point
out the idea that this option should not be discarded “a priori” because held as hazardous.

Our current findings confirm that the option of anticoagulation should also be considered in patients with HCC, as
these patients are not less responsive than cirrhotic patients without cancer because of the presence of cancer and are not
at higher risk of complications. It is worth remarking that our data mainly apply to patients in the early tumour stage, as
these made up the largest part of our population. This is consistent with the fact that many patients with HCC at an
advanced stage frequently suffer from tumour portal vein invasion rather than bland thrombosis.”

Our results are apparently slightly different from a previous very small study,>’ which showed no increase in
recanalisation rates under coagulation. However, they only included 12 patients with PVT collected over a very long
interval (2001-2015). In addition to this, authors did not clarify whether the presence of concomitant tumour portal vein
infiltration, rather than only bland portal thrombosis, had been definitively ruled out. This limitation is particularly
significant because patients who received anticoagulation were classified to be in the advanced tumour stage where
neoplastic portal vein thrombosis is frequent. Additionally, also whether patients still had active HCC or not at the time
of anticoagulation (most of the patients were treated) was not specified.

The limitations of our present study are mainly related to its retrospective nature. The first one is the lack of
a standardised anticoagulation protocol, which makes it impossible to state a clear-cut recommendation regarding
anticoagulation drug choice and doses. Moreover, the assessment of PVT extension and evaluation of the degree of
response were provided using different imaging techniques. Ultrasound (US) is accurate in investigating the presence and
extension of intrahepatic thrombosis; however, it is not as accurate as CT and MRI in the case of extrahepatic
involvement. CT and MRI are expensive and require the injection of potentially harmful contrast agents, while the US
is less costly and easily complemented by colour/duplex Doppler and by safe contrast agents. Computed tomography also
implies exposure to radiation. Therefore, CT and MRI are much less feasible for the short-/mid-term follow-up of PVT to
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monitor progression or regression, especially in non-oncologic patients. For this reason, the US was the technique
adopted in most patients in the present study. In the authors’ view, the different imaging techniques have complementary
rather than competing roles in this setting.

Another point to highlight is that it is often impossible to date the thrombus correctly. In the present study, all patients
were consecutively enrolled at the time of the first observation of PVT, regardless of the presence or absence of PVT-
related symptoms. PVT is commonly asymptomatic; symptoms may develop only later when partial PVT progresses to
complete PVT. Finally, only the detection of a cavernomatous transformation of the portal veins definitely excludes acute
PVT. Hence, the presence/absence of symptoms is not a reliable index for dating the first occurrence of PVT when
imaging cannot provide this information. Another limitation related to the variable imaging follow-up, either after
anticoagulants or not, is that we cannot provide information about the speed of recanalization under anticoagulants,
whether it occurs rapidly (eg <2 weeks) or slowly (e.g. >3 months). This information would be particularly relevant in
the setting of HCC as it could influence the possibility to adopt or not some antitumoural treatments (surgical or
endovascular), for which the patient cannot wait long.

In conclusion, the present study showed that active HCC does not negatively impact the course of bland non-
malignant PVT and the effectiveness of anticoagulants to treat it.

Furthermore, the presence of HCC does not cause any additional concern in terms of safety compared to non-HCC
cirrhosis and non-anticoagulated patients. Thus, early stages of HCC complicated by bland non-malignant PVT can be
safely treated with anticoagulation, potentially enabling otherwise contraindicated therapies (ie TACE) if a complete
recanalization of portal flow is to be obtained.
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