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Abstract

Background Portal hypertension (PHT) has been proven to be closely related to the development of hepatocellular
carcinoma (HCC). Whether PHT before liver transplantation (LT) will affect the recurrence of HCC is not clear.

Methods 110 patients with depressurization of the portal vein (DPV) operations (Transjugular Intrahepatic
Portosystemic Shunt—TIPS, surgical portosystemic shunt or/and splenectomy) before LT from a HCC LT cohort,
matched with 330 preoperative non-DPV patients; this constituted a nested case-control study. Subgroup analysis
was based on the order of DPV before or after the occurrence of HCC.

Results The incidence of acute kidney injury and intra-abdominal bleeding after LT in the DPV group was
significantly higher than that in non-DPV group. The 5-year survival rates in the DPV and non-DPV group were 83.4%
and 82.7% respectively (P=0.930). In subgroup analysis, patients in the DPV prior to HCC subgroup may have a lower
recurrence rate (4.7% vs.16.8%, P=0.045) and a higher tumor free survival rate (88.9% vs.74.4%, P=0.044) after LT
under the up-to-date TNMI-Il stage, while in TNM Il stage, there was no difference for DPV prior to HCC subgroup
compared with the DPV after HCC subgroup or the non-DPV group.

Conclusion Compared with DPV after HCC, DPV treatment before HCC can reduce the recurrence rate of HCC after
early transplantation (TNM I-l). DPV before LT can reduce the recurrence of early HCC.

Keywords Hepatocellular carcinoma (HCCQ), Liver transplantation (LT), Tumor recurrence, Portal hypertension (PHT),
Portosystemic Shunt (PSS), Splenectomy
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Introduction

At present, liver transplantation (LT) is still the best
choice for hepatocellular carcinoma (HCC) patients with
liver cirrhosis with a better long-term survival rate and
lower recurrence rate of HCC [1, 2]. Gastrointestinal
bleeding and refractory ascites caused by portal hyper-
tension (PHT) are the most common complications that
occur during the transplantation waiting period [3-5].
Once gastrointestinal hemorrhage occurs, the mortality
in Child-Pugh C patients is as high as 40% within the first
6 weeks of bleeding [6]. Depressurization of the portal
vein (DPV), not only controls gastrointestinal bleeding,
but also reduces ascites relieving abdominal discomfort,
and significantly reduces hepatorenal syndrome caused
by replenishing insufficient volume [3, 7-9]. DPV prac-
tices and preferences vary throughout the world, the
main operative methods for DPV include splenectomy
and portosystemic shunt and particular radiological DPV.
DPV has become a frequently-used bridging therapy for
LT [10-14].

Cirrhosis is the most significant independent risk fac-
tor for HCC [15, 16]. Although PHT is mainly caused
by cirrhosis, it has also been shown to be a risk factor
of HCC independent of cirrhosis [17]. In addition, HCC
recurrence may be related to PHT in HCC radiofre-
quency ablation treatment [18]. According to the theory
of soil and seeds [19], LT is different from other surgi-
cal treatments that remove seeds (HCC). LT completely
removes the soil (sick liver) and seeds together, in theory,
eliminating the possibility of recurrence. However, 5-year
recurrence rates are still 7.8%, and can even reach up to
40% in HCC LT beyond the Milan standard [20]. A 2018
retrospective analysis by Mazzaferro et al. found that the
5-year cumulative mortality rate related to the recur-
rence of HCC after LT was 8.1%, accounting for 1/3 of
the total death of the LT recipients [21]. Therefore, HCC
recurrence following LT is still an important research
area. Based on the evidence that PHT is closely related to
HCC; the purpose of this study was to observe whether
reducing the portal pressure limits the recurrence of
HCC after LT.

Methods

This work has been reported in line with the STROCSS
criteria [22]. The unique identifying number of this retro-
spective research is ChiCTR2000032141(date of first reg-
istration 20/04/2020, http://www.chictr.org.cn/showproj.
aspx?proj=52598). Sichuan University West China Hos-
pital and the Public Health Clinical Center of Chengdu
Hospital are cooperative hospitals. The Public Health
Clinical Center of Chengdu provides initial outpatient
and follow-up services for some liver disease patients,
but all surgeries are completed by West China Hospital.
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The two closely cooperate to form a medical whole, so
patients are not distinguished.

Inclusion and exclusion criteria

The inclusion criteria of the open cohort were as follows:
HCC patients 18 years or older without invasion of the
main branch of the portal vein or the hepatic vein; HCC
that did not directly invade the adjacent organs (except
the gallbladder) or penetrate the peritoneum; There was
no extrahepatic metastasis (TNM <III A). The patients all
had liver cirrhosis and portal hypertension. The diameter
of portal vein was measured by ultrasound to determine
whether the diameter was increased and to detect liver
cirrhosis. Exclusion criteria included retransplantation,
multiple organ transplantation, domino LT, double donor
LT, or treatment with mTOR inhibitors (e.g., Everolimus/
Rapamune) after transplantation. LT grafts were donated
by patients who suffered cardiac death (n=494) or brain
death (n=298). All the HCC were examined by pathology
after undergoing a DPV operation. All included tumors
were simple HCC, other tumor types such as cholangio-
carcinoma or other special types of liver tumors were
excluded. Patients with portal hypertension related com-
plications, such as severe gastrointestinal varices, were
informed of the risk of gastrointestinal bleeding and vol-
untarily decided to undergo DPV treatment.

Diagnostic criteria and follow up for HCC LT

TNM classification of HCC was conducted following
the American Joint Committee of Cancer (AJCC) AJCC
Cancer Staging Manual 8th edition in 2017 ( [23]). Acute
renal injury (AKI) was assessed using the 2015 edition
of the International Club of Ascites: the increase of sCr
in 48 h was >0.3 mg/dl (26.5 umol/L); or the increase of
sCr in 48 h was > 1.5 times of baseline value; or the urine
volume lasted for 6 h<0.5 mlkg 'H-1 [24-26]. Fol-
low-up in the outpatient clinic was conducted routinely.
Measurements of alpha fetoprotein and hepatitis B virus
deoxyribonucleic acid (DNA), and abdominal ultraso-
nography were done every 3 months, and a CT scan was
performed every 6 months. All hepatitis B virus DNA-
positive patients were treated with anti-viral therapy
before and after surgery. When intrahepatic recurrence
was difficult to ascertain, MRI or contrast-enhanced
ultrasonography was performed. Tumor recurrence was
determined mainly based on radiographic evidence and/
or AFP level. Patients who showed tumor recurrence
after surgery were treated with the following options:
resection, radio frequency ablation, re-LT, transcatheter
arterial chemoembolization, or sorafenib. Patients were
monitored until October 2019 or until their death, and
their medical records were retrospectively reviewed. Our
center requires standard treatment guidelines be followed
for HCC patients with elevated HCV RNA. Patients are
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treated with direct-acting antiviral drugs (DAAS) while
waiting for transplantation. If HCV recurrence occurs
after transplantation, DAAS should be performed as
soon as possible. Additionally, the use of glucocorticoids
should be withdrawn as soon as possible after LT, and
calcineurin inhibitor maintenance therapy (e.g., tacro-
limus) should be minimized. No patients included in
this study received any downstage therapy prior to LT.
Downstaging refers to methods of treating HCC, such as
radiation therapy, chemotherapy, and molecular targeted
therapy. Patients with PHT are diagnosed through a com-
prehensive assessment, which includes a medical history
review of liver disease, radiological findings indicative
of liver fibrosis or sclerosis, endoscopic identification of
gastric varices, and portal vein color Doppler ultrasound
revealing portal vein dilatation or collateral circulation
formation.

Results

Case-control study composition

A total of 792 HCC patients underwent their first LT
between September 2007 and January 2022. From these
patients, we conducted a propensity score matching
(PSM) analysis of 114 patients who underwent DPV

Table 1 Baseline demographic and disease features
characteristics on the day of LT

Variables DPV (n=110) Non-DPV* P
(n=330)

AgePone' (years) 3854992 39.40+10.58 0433
MalePerer (95) 87(79.1%) 262(79.4%) 0.946
Age (years) 4764721 4761+11.98 0.993
Male (%) 93(84.5%) 279(84.5%) 1.000
BMI (kg/mz) 23.04+2.53 22.83+3.05 0.515
sCr (umol/L) 76.80+36.40 74.56+24.7 0469
TB (umol/L) 47013764 48.07+£66.05 0.873
INR 134027 1.3+£0.35 1.000
PLT(10°/L) 121.76+67.4 117.80+93.7 0.683
MELD 12.12+3.78 12+56 0.834
Child-Pugh 8.19+148 794207 0.175
HBsAg positive (%) 90(81.8%) 271(82.1%) 0.943
HCV (%) 3(2.7%) 10(3%) 0.871
AFP >400 ng/mL (%) 62(56.4%) 206(62.4%) 0.259
TNM 1(%) 54(49.1%) 172(52.1%) 0.582
TNM 11(%) 29(26.4%) 72(21.8%) 0.326
TNM 1 (%) 27(24.5%) 86(26.1%) 0.753
Preoperative HCC 50(45.5%) 134(40.6%) 0.372
treatment**

DCD (%) 69(62.7%) 215(65.2%) 0.645
Waiting LT period 3593+9.79 34.68+11.99 0.323

*110 DPV and 330 non-DPV were matched in a 1:3 ratio. BMI: Body mass
index, sCr: serum creatinine; TB: Total bilirubin; INR: international normalized
ratio; MELD: model end-stage liver disease; PLT: platelet; HBsAg: Hepatitis B
surface antigen; DCD: donors of cardiac death. ** Preoperative HCC treatment
includes hepatectomy, radiofrequency ablation, and transcatheter arterial
chemoembolization
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(TIPS, surgical portosystemic shunt or/and splenectomy)
before LT (32 Transjugular Intrahepatic Portosystemic
Shunt-TIPS, 82 surgical portosystemic shunt or/and sple-
nectomy), and 342 matched non-DPV control patients
based on their PSM score on the day of LT but prior to
surgery (Fig.S1).

Demographic and disease characteristics

Baseline characteristics of the DPV and non-DPV groups,
matched prior to surgery on the day of LT, are shown in
Table 1. There was no significant difference between the
DPV and non-DPV groups with respect to disease or
population characteristics before transplantation.

Intraoperative and postoperative outcomes between the
DPV and non-DPV groups

The postoperative complication data for the DPV and
non-DPV groups are shown in Fig. 1A. Intra-abdominal
bleeding, incidence of postoperative AKI, and Clavien—
Dindo Grade III-V complications were significantly
higher in the DPV group than those in the non-DPV
group. There was no significant difference in cumula-
tive survival rate between the DPV and non-DPV groups
within the different TNM stages (Fig. 2).

HCC and DPV subgroups

DPV patients were divided into two subgroups accord-
ing to the sequence of their DPV treatment: DPV prior
to HCC (n=65) and DPV after HCC (n=45). Subgroup
analysis found no significant differences between these
groups in postoperative complications (Fig. 1B). How-
ever, patients with TNM I-II HCC had a significantly
better cumulative recurrence rate and tumor-free sur-
vival rate when undergoing DPV prior to HCC compared
to the non-DPV group. However, there was no significant
difference between the subgroup that received DPV after
HCC and the non-DPV group. In TNM III HCC patients,
there was no significant difference in tumor recurrence
rate or tumor-free survival rate between the non-DPV
group and either DPV subgroup (Fig. 3).

Discussion

At present, HCC recurrence remains the main problem
affecting the LT prognosis ( [27]). Although PHT has
been shown to be closely associated with the develop-
ment of HCC ( [28]) and to significantly affect progno-
sis following other non-LT radical treatments for HCC
( [18, 29, 30]), whether preoperative DPV can affect the
prognosis of LT for HCC has not been reported. Our
main finding is that patients who underwent DPV prior
to HCC had a lower cumulative recurrence rate and
higher tumor-free survival rate after LT in the AJCC
TNM I-II stages, while in TNM III stage, DPV prior to



Wei et al. BMC Cancer (2024) 24:558 Page 4 of 10

@B orv

= 1 I (0)
A Intra-abdominal bleeding (13.64%) non-DPV P =0.042

< 15-
7 - 15(13.6%)

(AKI (22.73% AD (5.45%) §
& 9 S
6.36% (5.7%) A

R g 2 10-
“(1242%) , 2

3 24(7.3%)

=
:

| | g
§.24%) Pos_topéF'a‘ﬁVé  inffection (12.73%) 5
p e c
, ' ke,

Vascular complisation (6:36%) (14.24%) § 0-

_ oS
(16.67%) QA\ QA\
Biliary complication (16.36%) N ,\\9
)
AN\

B ) i ) non-DPV
intra-abdominal bleeding (15.56%)
; { DPV after HCC
\ @B DPV prior to HCC
AKI (24.62% \»&o\(e.m%)

> & 157 913.8%)
e - 6(13.3%)
(6:36%) (5.V%) §
4242%) | o
Al
2 10+
| 8
J| 8 5.
= (14.24%) §
=)
ks
3
. - o O-
Biliary complication (20.00%) © &
& SON
Qo O¢

Fig. 1 Analysis of main postoperative complications by radar chart and histogram. **P < 0.05 (A) The incidence of AKI (22.7% vs. 12.4, P=0.011) and intra-
abdominal bleeding (13.6% vs. 6.4%, P=0.012) in DPV group was significantly higher than that in non-DPV group, while the incidence of Clavien-Dindo
1V complication in DPV group was higher than that in non-DPV group. (B) In DPV subgroup comparison (DPV prior to HCC and DPV after HCC), there was
no significant difference between the two subgroups in the incidence of specific major complications and the incidence of Clavien-Dindo Ill-V overall
complications
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Fig. 2 Cumulative survival rate between DPV and non-DPV group. (A) The 5-year survival rates of DPV (n=110) and non-DPV (n=330) group were 83.0%
and 82.4% respectively, log-rank P=0.934, and the 5-year median survival times were 52.52 +1.87 (95% Cl 48.85 to 56.19) and 52.30+ 1.21 (95% C1 49.93 to
54.68), respectively. (B) In HCC TNMlIpatients, the 5-year survival rates of DPV (n=54) and non-DPV (n=172) were 90.4% and 85.1% respectively, log-rank
P=0.342, and the 5-year median survival times were 56.55+1.87 (95% Cl 52.89 to 60.22) and 54.18 £ 1.47 (95% Cl 51.31 to 57.05), respectively. (C) In HCC
TNMllpatients, The 5-year survival rates of DPV (n=29) and non DPV (n=72) group were 80.7% and 81.0% respectively, log-rank P=0.862, and the 5-year
median survival times were 50.59+4.15 (95% Cl 42.45 to 58.73) and 51.28 +2.77 (95% Cl 45.85 to 56.72), respectively. (D) In HCCTNM Il patients, The 5-year
survival rates of DPV (n=27) and non DPV (n=86) group were 67.0% and 78.5% respectively, log-rank P=0.483, and the 5-year median survival times were
45.17+5.00 (95% Cl 35.38 t0 54.97) and 49.37 +2.77 (95% Cl 43.95 to 54.79), respectively

HCC resulted in no difference between DPV after HCC
or non-DPV patients.

The AJCC levels of evidence were established by the
AJCC 8th Edition cancer staging system. Most of the
confirmed risk factors related to the prognosis of LT for
HCC were controlled in the latest TNM stage ( [31, 32]).
It is possible that there are relevant HCC risk factors
that have not yet been reported due to the uncontrolled
nature of even multiple-center studies and the difficulty
of performing epidemiological studies on HCC ( [33]).
One of the potential limitations of this study is the fact
that DPV consists of three different procedures. Although
there is no theoretical and clinical evidence suggesting

that surgical portosystemic shunt and/or splenectomy
will affect HCC recurrence after LT or other radical treat-
ment, TIPS may increase the risk of metastasis caused by
intrahepatic shunt through HCC ( [34, 35]). If TIPS after
HCC could lead to HCC extrahepatic metastasis, there
would be a selection bias in our study. Since LT is not
recommended for patients with extrahepatic metastasis,
patients who developed extrahepatic metastasis due to
TIPS after HCC will be excluded from LT. Wallace et al.
reported that 2 of 9 patients developed lung metastases
from TIPS crossing through a hepatic malignancy ( [35]).
However, Bettinger et al. ( [36]). reported no metastasis
was observed in 40 patients with centrally located tumors
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Fig. 3 Comparison of cumulative recurrence rate and tumor free survival rate between two DPV subgroups (DPV prior to HCC (n=65) or DPV after HCC
(n=45)) and non-DPV (n=330) group after LT. (A1-A2) The 5-year cumulative recurrence rate and tumor free survival rate of DPV after HCC subgroup and
non-DPV group were 16.4% vs. 18.7%, log-rank P=0.928, 75.3% vs. 73.0% log-rank P=0.979, respectively. The 5-year cumulative recurrence rate and tumor
free survival rate of DPV prior to HCC subgroup and non-DPV group were 9.0% vs. 18.7%, log-rank P=0.098, 82.5% vs. 73.0%, log-rank P=0.134. (B1-B2)
In HCC TNM I-II patients, DPV prior to HCC subgroup were significantly better than non-DPV group in 5-year recurrence rate and tumor free survival rate
(4.7% vs. 17.3%, log-rank P=0.039 and 88.9% vs. 73.8%, log-rank P=0.037). There was no significant difference between DPV after HCC subgroup and
non-DPV group (13.2% vs. 17.3%, log-rank P=0.619, 79.1% vs. 73.8%, log-rank P=0.671). (C1-C2) The 5-year cumulative recurrence rate and tumor free
survival rate of DPV prior to HCC, DPV after HCC and non-DPV were 25.0%, 27.3%, 22.8%, and 58.0%, 66.7%, 71.6%, respectively. There was no significant

difference between groups (log-rank P>0.05)

in the liver (segment VIIL, V, and IV). A recent case-con-
trol study observing 217 patients found that TIPS is safe
for PHT in patients with HCC ( [37]). Although we were
unable to confirm that DPV after HCC does not increase
the risk of HCC metastasis after transplantation, our
results showed there is no increase in HCC recurrence
or metastasis in patients who met the criteria for LT and
underwent DPV after HCC. Therefore, early LT (before
metastasis) for patients undergoing DPV after HCC may
prevent this possibility of postoperative potential HCC
metastasis.

As early as 1985, Bjorneboe et al. demonstrated that
portal-systemic shunt may increase the risk of primary
HCC in cirrhosis of the liver based on an observational
cohort study of 201 people ( [38]). Banares et al. observed
that TIPS may lead to an increase in 5-year cumula-
tive incidence of HCC to 34%, significantly higher than
the 25% observed in the control group ( [33]). However,
this view has not been unanimously accepted ( [39]). A
series of related studies shows that DPV may cause nodu-
lar regenerative hyperplasia, but it does not increase the
incidence of HCC ( [40—42]) and a recent meta-analysis
also found that the incidence of HCC was not increased
( [43]). Moreover, in contrast with other radical treat-
ments, multiple HCC in the liver is not an absolute con-
traindication for LT. At present, there is still a lack of
relevant research reports on this topic. In our study we
found no difference between the DPV prior to HCC sub-
group and the non-DPV group in the recurrence rate of
HCC.

Although we did not observe a difference between
patients who received DPV prior to HCC and non-DPV
patients in the overall cohort, subgroup analysis high-
lighted differences between the different tumor TNM
stages. Our results found that patients who met the cri-
teria for AJCC TNMI-II stage who underwent DPV
prior to HCC had a lower recurrence rate after LT, while
patients in TNM III stage, showed no difference between
DPV after HCC and non-DPV patients. Relatively low
portal pressure may have a protective effect in early HCC
patients, but when HCC develops past a certain point
this may no longer be effective and this threshold is likely
to be between TNM II and III stages. According to the
theory by Tanaka et al., portal vein pressure is positively
correlated with the pressure of both liver tissue and

HCC, and the greater the pressure difference between
the tumor and the adjacent tissue, the more likely the
tumor is to invade tissue with relatively low pressure (
[44]). Therefore, it is possible that reducing the pressure
of the portal vein simultaneously reduces the pressure of
the liver tissue. HCC occurs in the liver tissue with rela-
tively normal pressure compared to PHT, which makes
the pressure in HCC also relatively low. Therefore, HCC
with lower internal pressure is less likely spread into the
adjacent tissue. However, with the development of HCC,
and an increase in HCC pressure, the pressure difference
between the tumor and surrounding tissue begins to be
significant. In this scenario, the relatively low pressure
of the liver tissue would no longer play a protective role
but instead may allow HCC to reach the hepatic vein
and enter the circulation easily, eventually leading to an
increased risk of recurrence. However, it is worth noting
that this interpretation is only a reasonable deduction
based on our results and the theory suggested by Tanaka
et al. and there is still a lack of direct evidence to support
this.

PHT results from elevated intrahepatic vascular resis-
tance due to sinusoidal alterations and liver fibrosis. This
condition is compounded by the opening of portosys-
temic collateral vessels and the formation of new vessels,
driven by vascular endothelial growth factor (VEGF) and
platelet-derived growth factor (PDGF) ( [45]). HCC, a
common complication of cirrhosis, shares similar under-
lying factors with PHT, increasing the complexity of
liver pathology. Inhibition of VEGF receptor 2 signaling
has shown potential in reducing collateral vessel forma-
tion in experimental models ( [46]). VEGF plays a crucial
role in neovascularization and fibrosis within the liver
parenchyma, involving hepatocytes and hepatic stel-
late cells (HSCs). Activated HSCs, stimulated by VEGEF,
contribute to fibrosis, while portal myofibroblasts aid
angiogenesis through collagen production. Liver stiff-
ness influences sinusoidal angiogenesis and fibrosis pro-
gression. The resultant intrahepatic neovessels Increased
hypoxia, inflammatory cytokines (IL-6, IL-1a), growth
factors (epidermal growth factor, transforming growth
factor-a and -f, fibroblast growth factor, PDGF) ( [46,
47]). Anti-VEGF therapies like Sorafenib offer promise
in mitigating PHT ( [48]). Chronic inflammation and
angiogenesis triggered by PHT play a significant role in
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hepatocarcinogenesis, implying that early intervention
targeting angiogenesis in liver disease could hold thera-
peutic promise.

Since DPV prior to HCC followed by LT can signifi-
cantly reduce the recurrence rate in the early stage of
the tumor, we wondered whether DPV might be appli-
cable to all patients with PHT. However, we are still
unsure if early DPV will increase the incidence of HCC
and the postoperative complications of DPV are still
worthy of consideration. Portal vein thrombosis (PVT)
induced by DPV can progress to cavernous transforma-
tion, escalating the challenges of LT and amplifying the
likelihood of intraoperative and short-term postopera-
tive complications ( [49]). Vigilance is paramount when
employing Tips, ensuring they do not penetrate the
inferior vena cava excessively, particularly into the right
atrium. Misplaced Tips can precipitate severe bleeding
and jeopardize patient survival post-LT. Nevertheless,
conventional pre-transplant TIPS placement primarily
correlates with heightened portal flow gradient and does
not significantly impede subsequent LT outcomes ( [50]).
. Our study shows that DPV patients had a higher inci-
dence of complications including AKI and postoperative
blood loss in HCC stages III-V than non-DPV patients
in all TNM stages, but there was no significant differ-
ence in the long-term survival rate. At present, there have
been few reports about the complications of DPV after
LT. Tripathi et al. found that patients who underwent LT
after TIPS had higher dialysis rates and the long post-
operative hospital stages, but that the overall survival
rate is not affected ( [51]). Other associated reports did
not focus on postoperative complications, but they all
reported that there was still no significant difference in
survival between their DPV and non DPV group ( [52]).
Therefore, DPV is still a safe and feasible bridging treat-
ment for LT, but it may be accompanied by relatively high
complications after LT. It can also be reasonably inferred
that the corresponding treatment costs will be increased.
Altogether, we believe that it is still necessary to be cau-
tious before deeming DPV applicable to all patients with
PHT, especially for those without gastrointestinal hemor-
rhage or refractory ascites caused by PHT.

The retrospective nature of our work should be
acknowledged as a key limitation, even when using a
case-control study design based on PSM. However, PSM
may lead to other biases due to unmeasured patient char-
acteristics which may have influenced outcomes. Further-
more, because it is difficult to measure, we were unable
to directly measure the portal vein pressure. We could
only infer a reduction in portal vein pressure through
demonstrated methods such as TIPS and obvious post-
operative improvement in symptoms. However, we do
not know the relationship between the degree of reduc-
tion and our results. At present, noninvasive methods
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of detecting portal vein pressure are indirect and cannot
directly reflect the accurate pressure value. Therefore,
a technical breakthrough that is able to provide a more
in-depth demonstration of the relationship between por-
tal pressure and tumor recurrence is necessary. In addi-
tion, our data source was a single center which limits the
study’s scope. In HCC TNM III patients, there were only
14 cases of DPV prior to HCC and 12 cases of DPV after
HCC. Further multi-center studies are required to verify
these findings.

Conclusion

Based on our results, we propose that non-HCC patients
with current DPV indications (such as patients with
severe gastrointestinal bleeding and irreversible asci-
tes) should be treated more actively with DPV. If HCC
occurred in such patients and LT performed early (TNM
I-1I), such patients may have relatively lower recur-
rence rates than patients in non-DPV or DPV after HCC
patients. DPV before LT can reduce the recurrence of
early HCC.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512885-024-12322-6.

[ Supplementary Material 1 J

Acknowledgements
Not Applicable.

Author contributions

LK, WG and Jiayin Y designed the study; WG, GX, Jiayin Y, YZ, SF, Jian Y, TL,

LK performed the research and collected the data; LK, SF, YZ analyzed and
interpreted the data; WG, LK wrote the first draft of the manuscript; All authors
edited the manuscript and approved the final draft; The acquisition of funding
is from Jiayin Y.

Funding

This study was supported by grants from Chengdu Science and Technology
Projects (2022-YF05-01253-SN); Sichuan Natural Science Foundation
(2022NSFSC0805); China Postdoctoral Science Foundation (2022M720102);
Sichuan Medical Association (2021HR58); Research Project of Chengdu Health
Commission (2023179).

Data availability

All related data of our center are stored in the Chinese Liver Transplant
Registry, a platform for unified management of LT centers in mainland China
(CLTR: http://cltr.cotrcn). The data that support the findings of this study are
available from the Chinese Liver Transplant Registry (CLTR: http://cltr.cotr.cn),
but restrictions apply to the availability of these data, which were used under
license for the current study, and so are not publicly available. But all related
data in this study are available from the corresponding author on reasonable
request.

Declarations

Ethical approval and source of grafts

In our study, the liver grafts utilized for LT since 2007 were obtained from
deceased citizens in accordance with a new organ procurement and
allocation policy implemented in China after 2012 ([53]). No prisoners were
included as donors. The protocol was approved by the Ethics Committee of


https://doi.org/10.1186/s12885-024-12322-6
https://doi.org/10.1186/s12885-024-12322-6
http://cltr.cotr.cn
http://cltr.cotr.cn

Wei et al. BMC Cancer

(2024) 24:558

the West China Hospital of Sichuan University West China Hospital. Written
informed consent was obtained from all the recipients prior to their surgery,
and all of donations were voluntary and altruistic in all cases, and were in
accordance with the ethical guidelines of the Declaration of Helsinki. The
written informed consents from the next of kin of the dead citizen are kept at
the Red Cross Society of Sichuan Province, China. (www.scredcross.org.cn).

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 25 April 2023 / Accepted: 30 April 2024
Published online: 03 May 2024

References

1.

Mehta N, Bhangui P, Yao FY, Mazzaferro V, Toso C, Akamatsu N, et al. Liver
transplantation for hepatocellular carcinoma. Working Group Report from
the ILTS Transplant Oncology Consensus Conference. Transplantation.
2020;104(6):1136-42.

de’Angelis N, Landi F, Carra MC, Azoulay D. Managements of recurrent hepa-
tocellular carcinoma after liver transplantation: a systematic review. World J
Gastroenterol. 2015;21(39):11185-98.

Lee EW, Shahrouki P, Alanis L, Ding P, Kee ST. Management options for gastric
variceal hemorrhage. JAMA Surg. 2019;154(6):540-8.

Rajwani K, Fortune BE, Brown RS, Jr. Critical care management of gastro-
intestinal bleeding and ascites in liver failure. Semin Respir Crit Care Med.
2018;39(5):566-77.

Yoshiji H, Nagoshi S, Akahane T, Asaoka Y, Ueno Y, Ogawa K, et al. Evidence-
based clinical practice guidelines for liver cirrhosis 2020. J Gastroenterol.
2021,56(7):593-619.

Cremers |, Ribeiro S. Management of variceal and nonvariceal upper
gastrointestinal bleeding in patients with cirrhosis. Th Adv Gastroenterol.
2014;7(5):206-16.

Wong F, Sniderman K, Liu P, Blendis L. The mechanism of the initial natriuresis
after transjugular intrahepatic portosystemic shunt. Gastroenterology.
1997;112(3):899-907.

Stanley AJ, Laine L. Management of acute upper gastrointestinal bleeding.
BMJ. 2019;364:1536.

Lesmana CRA, Raharjo M, Gani RA. Managing liver cirrhotic complica-

tions: overview of esophageal and gastric varices. Clin Mol Hepatol.
2020;26(4):444-60.

Sellers CM, Nezami N, Schilsky ML, Kim HS. Transjugular intrahepatic portosys-
temic shunt as a bridge to liver transplant: current state and future directions.
Transplantation Reviews (Orlando Fla). 2019;33(2):64-71.

Kong L, LiM, Li L, Jiang L, Yang J, Yan L. Splenectomy before adult liver trans-
plantation: a retrospective study. BMC Surg. 2017;17(1):44.

de Ville J, DAmbrosio G, Grimaldi C. Surgical management of portal hyper-
tension in children. Semin Pediatr Surg. 2012,21(3):219-32.

Bai D-S, Zhou B-H, Qian J-J, Zhang C, Jin S-J, Jiang G-Q. Effects of laparoscopic
splenectomy and azygoportal disconnection on liver synthesis function

and cirrhosis: a 2-year prospective study. Surg Endosc. 2019. https://doi.
0rg/10.1007/500464-019-7307-7

YoshizumiT, Itoh S, Shimokawa M, Inokuchi S, Harada N, Takeishi K, et al.
Simultaneous splenectomy improves outcomes after adult living donor liver
transplantation. J Hepatol. 2021;74(2):372-9.

Singal AG, Zhang E, Narasimman M, Rich NE, Waljee AK, Hoshida Y, et al. HCC
surveillance improves early detection, curative treatment receipt, and survival
in patients with cirrhosis: a meta-analysis. J Hepatol. 2022,77(1):128-39.
Fattovich G, Stroffolini T, Zagni |, Donato F. Hepatocellular carcinoma in
cirrhosis: incidence and risk factors. Gastroenterology. 2004;127(5 Suppl
1):535-50.

Ripoll C, Groszmann RJ, Garcia-Tsao G, Bosch J, Grace N, Burroughs A, et al.
Hepatic venous pressure gradient predicts development of hepatocellular
carcinoma independently of severity of cirrhosis. J Hepatol. 2009;50(5):923-8.
Kim R, Jeong WK, Kang TW, Song KD, Lee MW, Ahn SH et al. Intrahepatic
distant recurrence after radiofrequency ablation of hepatocellular carcinoma:
relationship with portal hypertension. Acta radiologica (Stockholm, Sweden:
1987).2019;60(12):1609-18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 9 of 10

Mancuso A, Perricone G. Hepatocellular carcinoma and liver transplantation:
state of the art. J Clin Translational Hepatol. 2014;2(3):176-81.

Gundlach JP, Ellrichmann M, van Rosmalen M, Vogelaar S, Eimer C, Rheinbay
C, et al. Liver transplantation for HCC in cirrhosis: are Milan criteria outdated?
Z Gastroenterol. 2024;62(1):43-9.

Mazzaferro V, Sposito C, Zhou J, Pinna AD, De Carlis L, Fan J, et al. Metroticket
2.0 model for analysis of competing risks of death after liver transplantation
for hepatocellular carcinoma. Gastroenterology. 2018;154(1):128-39.

Agha R, Abdall-Razak A, Crossley E, Dowlut N, losifidis C, Mathew G. STROCSS
2019 guideline: strengthening the reporting of cohort studies in surgery. Int J
Surg. 2019;72:156-65.

Amin MBGD. AJCC cancer staging manual. 8th ed. New York, NY: Springer;
2017.

Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagnosis

and management of acute kidney injury in patients with cirrhosis: revised
consensus recommendations of the international club of ascites. J Hepatol.
2015;62(4):968-74.

Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute
kidney injury network: report of an initiative to improve outcomes in acute
kidney injury. Crit Care. 2007;11(2):R31.

Kellum JA, Lameire N. Diagnosis, evaluation, and management of acute
kidney injury: a KDIGO summary (part 1). Crit Care. 2013;17(1):204.

Tabrizian P, Holzner ML, Mehta N, Halazun K, Agopian VG, Yao F, et al. Ten-year
outcomes of liver transplant and downstaging for hepatocellular carcinoma.
JAMA Surg. 2022;157(9):779-88.

Thabut D, Kudo M. Treatment of portal hypertension in patients with HCC in
the era of Baveno VII. J Hepatol. 2023;78(3):658-62.

Jung KS, Kim JH, Kim SU, Song K, Kim BK, Park JY, et al. Liver stiffness value-
based risk estimation of late recurrence after curative resection of hepatocel-
lular carcinoma: development and validation of a predictive model. PLoS
ONE. 2014,9(6).€99167-¢.

Berzigotti A, Reig M, Abraldes JG, Bosch J, Bruix J. Portal hypertension and
the outcome of surgery for hepatocellular carcinoma in compensated cir-
rhosis: a systematic review and meta-analysis. Hepatology (Baltimore MD).
2015;61(2):526-36.

Liu Z, LiuY, Zhang W, Hong Y, Meng J, Wang J, et al. Deep learning for predic-
tion of hepatocellular carcinoma recurrence after resection or liver transplan-
tation: a discovery and validation study. Hepatol Int. 2022;16(3):577-89.
Vauthey J-N, Ribero D, Abdalla EK, Jonas S, Bharat A, Schumacher G, et al.
Outcomes of liver transplantation in 490 patients with hepatocellular carci-
noma: validation of a uniform staging after surgical treatment. J Am Coll Surg.
2007;204(5):1016-28.

Banares R, Nufez O, Escudero M, Ferndndez C, Vaquero J, Beceiro |, et al.
Patients with cirrhosis and bare-stent TIPS may have increased risk of hepato-
cellular carcinoma. Hepatology (Baltimore MD). 2005;41(3):566-71.

Fichtl A, Seufferlein T, Zizer E. Risks and benefits of TIPS in HCC and other liver
malignancies: a literature review. BMC Gastroenterol. 2023;23(1):403.

Wallace M, Swaim M. Transjugular intrahepatic portosystemic shunts
through hepatic neoplasms. J Vascular Interventional Radiology: JVIR.
2003;14(4):501-7.

Bettinger D, Knlppel E, Euringer W, Spangenberg HC, Réssle M, Thimme R,

et al. Efficacy and safety of transjugular intrahepatic portosystemic shunt
(TIPSS) in 40 patients with hepatocellular carcinoma. Aliment Pharmacol Ther.
2015;41(1):126-36.

Luo S-H, Chu J-G, Huang H, Yao K-C. Safety and efficacy of transjugular intra-
hepatic portosystemic shunt combined with palliative treatment in patients
with hepatocellular carcinoma. World J Clin Cases. 2019;7(13):1599-610.
Bjorneboe M, Andersen JR, Christensen U, Skinhgj P, Jensen OM. Does a
portal-systemic shunt increase the risk of primary hepatic carcinoma in cir-
rhosis of the liver? Scand J Gastroenterol. 1985;20(1):59-64.

Libbrecht L, Maleux G, Verslype C, Nevens F, Roskams T. Influence of TIPS on
development of hepatocellular carcinoma in cirrhosis. Hepatology (Baltimore
MD). 2005;42(1):236~7.

Cazals-Hatem D, Vilgrain V, Genin P, Denninger M-H, Durand F, Belghiti J, et

al. Arterial and portal circulation and parenchymal changes in Budd-Chiari
syndrome: a study in 17 explanted livers. Hepatology (Baltimore MD).
2003;37(3):510-9.

De Santis A, legri C, Kondili L, Riggio O, Salvatori FM, Catalano C, et al. Hepa-
tocellular carcinoma in cirrhotic patients with transjugular intrahepatic porto-
systemic shunt: a retrospective case-control study. Dig Liver Disease: Official J
Italian Soc Gastroenterol Italian Association Study Liver. 2014;46(8):726-30.


http://www.scredcross.org.cn
https://doi.org/10.1007/s00464-019-7307-7
https://doi.org/10.1007/s00464-019-7307-7

Wei et al. BMC Cancer

42.

43.

44,

45.

46.

47.

48.

(2024) 24:558

Borentain P, Garcia S, Gregoire E, Vidal V, Ananian P, Ressiot E, et al. Transjugu-
lar intrahepatic porto-systemic shunt is a risk factor for liver dysplasia but not
hepatocellular carcinoma: a retrospective study of explanted livers. Dig Liver
Disease: Official J Italian Soc Gastroenterol Italian Association Study Liver.
201547(1):57-61.

Chen B, Pang L, Chen H-B, Wu D-B, Wang Y-H, Chen E-Q. TIPS is not associated
with a higher risk of developing HCC in Cirrhotic patients: a systematic review
and meta-analysis. J Clin Translational Hepatol. 2019;7(3):232-7.

Tanaka T, Yamanaka N, Oriyama T, Furukawa K, Okamoto E. Factors regulating
tumor pressure in hepatocellular carcinoma and implications for tumor
spread. Hepatology. 1997;26(2):283-7.

Fernandez M. Molecular pathophysiology of portal hypertension. Hepatol-
0gy. 2015;61(4):1406-15.

Allaire M, Rudler M, Thabut D. Portal hypertension and hepatocellular carci-
noma: Des liaisons dangereuses?. Liver Int. 2021,41(8):1734-43.

Kong L, Zhou Y, Bu H, Lv T, Shi Y, Yang J. Deletion of interleukin-6 in mono-
cytes/macrophages suppresses the initiation of hepatocellular carcinoma in
mice. J Exp Clin Cancer Res. 2016;35(1):131.

Ma R, Chen J, Liang Y, Lin S, Zhu L, Liang X, et al. Sorafenib: a potential thera-
peutic drug for hepatic fibrosis and its outcomes. Biomed Pharmacother.
2017;88:459-68.

49.

50.

52.

53.

Page 10 of 10

Kurata N, OguraY, Ogiso S, Onishi Y, Kamei H, Kodera Y. Splenectomy in living
donor liver transplantation and risk factors of portal vein thrombosis. Hepato-
biliary Pancreat Dis Int. 2019;18(4):337-42.

Matsushima H, Fujiki M, Sasaki K, Cywinski JB, D’Amico G, Uso TD, et al. Can
pretransplant TIPS be harmful in liver transplantation? A propensity score
matching analysis. Surgery. 2020;168(1):33-9.

Tripathi D, Therapondos G, Redhead DN, Madhavan KK, Hayes PC. Transjugu-
lar intrahepatic portosystemic stent-shunt and its effects on orthotopic liver
transplantation. Eur J Gastroenterol Hepatol. 2002;14(8):827-32.

Barbier L, Hardwigsen J, Borentain P, Biance N, Daghfous A, Louis G, et al.
Impact of transjugular intrahepatic portosystemic shunting on liver trans-
plantation: 12-year single-center experience. Clin Res Hepatol Gastroenterol.
2014;38(2):155-63.

Huang J, Millis JM, Mao Y, Millis MA, Sang X, Zhong S. A pilot programme of
organ donation after cardiac death in China. Lancet. 2012,379(9818):862-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Does depressurization of the portal vein before liver transplantation affect the recurrence of HCC? A nested case-control study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Inclusion and exclusion criteria
	﻿Diagnostic criteria and follow up for HCC LT

	﻿Results
	﻿Case-control study composition
	﻿Demographic and disease characteristics
	﻿Intraoperative and postoperative outcomes between the DPV and non-DPV groups
	﻿HCC and DPV subgroups

	﻿Discussion
	﻿Conclusion
	﻿References


