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Purpose: Although various treatment regimens have been introduced for hepatocellular carcinoma (HCC) accompanied by
portal vein tumor thrombosis (PVTT), comprehensive and direct comparisons between them are limited. Thus, the purpose
of this study was to perform a network meta-analysis (NMA) to compare the efficacies of different treatment regimens for
HCC accompanied by PVTT.

Methods: A systematic review was conducted to identify studies comparing 2 or more treatment regimens for HCC
accompanied by PVTT without extrahepatic metastasis and reporting each overall survival (0S). Endpoints of this NMA
were to hazard ratios with confidential intervals for OS and mean survival time difference of each treatment regimen
comparison using a random-effects model. Each treatment regimen was then ranked using the P-score to assess the
probability of the superiority of each one.

Results: Eleven studies involving 1,623 patients that yielded 16 comparisons were identified and enrolled in this NMA.
There were 12 different treatment regimens as comparators, including sorafenib therapy alone (reference treatment).
The NMA suggested that the following 4 treatment regimens improved OS compared to sorafenib: surgical resection
followed by portal vein chemotherapy (SR plus PVC), SR, radiofrequency ablation plus sorafenib, and transarterial
chemoembolization combined with selective internal radiation therapy. SR plus PVC was ranked the best treatment
regimen for 0S (P-score, 93.9%).

Conclusion: Comparative efficacy based on this NMA may help clinicians select treatment for HCC accompanied by PVTT. If
amenable, aggressive locoregional treatment regimens such as SR plus PVC should be considered for HCC accompanied
by PVTT.

[Ann Surg Treat Res 2022;103(5):280-289]
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INTRODUCTION

Primary liver cancer accounts for 8.3% of cancer deaths. It is
the 4th leading cause of cancer-related death in the world [1].
Hepatocellular carcinoma (HCC) accounts for a major proportion

of primary liver cancer. Its incidence is on the rise in the
Americas and most European countries. It is still the highest
in East Asia. Common causes of HCC are HBV, HCV, alcohol,
and nonalcoholic steatohepatitis [2]. Although many efforts
have been made to manage HCC, its prognosis is still poor. The
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survival rate of HCC decreases dramatically year by year. One of
the contributing factors to such a poor prognosis is the presence
of tumor thrombus in portal vein or hepatic vein at the time
of diagnosis [3.4]. Cancer cells can disseminate through
bloodstream where vascular invasion is present, leading to a
high recurrence rate [5]. Tumor thrombus can also deteriorate
remnant liver function by reducing blood supply [6].

In Barcelona Clinic Liver Cancer (BCLC) staging, HCC
accompanied by portal vein tumor thrombus (PVTT) is
classified as advanced stage. Other associations such as the
European Association for the Study of the Liver and the
American Association of the Study of Liver Diseases follow
the BCLC staging classification. Without treatment, expected
median survival time of patients with HCC accompanied
by PVTT is only 2.7-4.0 months [5]. PVTT is a relatively
stronger factor affecting mortality than extrahepatic spread or
performance status [6].

Considering expected survival time, the BCLC staging
system does not recommend curative treatments to patients
with HCC accompanied by PVTT. Instead, systemic therapy
such as sorafenib is recommended currently. However, the
outcome of sorafenib therapy remains unsatisfactory, with
overall survival (OS) time of only 6~8 months [2]. Under these
circumstances, various therapeutic approaches have been made
for improving OS, such as treatment with surgical resection (SR),
radioembolization, transcatheter arterial chemoembolization
(TACE), and combination of these treatments [5]. Recently,
studies have reported that these treatments can give better
survival outcomes than sorafenib [5,7]. Nonetheless, it is still
unclear which of these treatments yields better outcomes. In
addition, most previous studies compared survival outcomes
with a retrospective observational method.

Designing a prospective randomized controlled study that
directly compares the priority of each treatment modality
in patients with HCC accompanied by PVTT has practical
limitation. While traditional meta-analysis can perform
direct treatment comparison, it is not suitable for comparison
between multiple treatment groups. Network meta-analysis
can help decision-making by comparing multiple competing
treatments in a single analysis even when there is no direct
comparison between 2 specific treatments. Thus, the aim of
this study was to determine the relative effectiveness and
priorities of different treatment regimens for patients with HCC
accompanied by PVTT using network meta-analysis.

METHODS

This meta-analysis study followed the guidelines of PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses). It was registered with the PROSPERO database
(no. CRD42022336841). The Institutional Review Board of

Catholic Kwandong University International St. Mary's Hospital
confirmed that ethical approval was not required because this
study used previously published papers.

Search strategy
A systematic search of MEDLINE/PubMed, Embase, and

the Cochrane Library was undertaken to identify candidate
articles published between January 2001 and December 2021
reporting OS after different types of treatments in patients
with locally advanced HCC accompanied by PVTT and
comparing OS according to different modalities. To identify as
many appropriate articles as possible, we selected "carcinoma,
hepatocellular” or "liver cell carcinomas” or “vascular invasion”
or "portal vein invasion” or "portal vein tumor thrombus”
as Medical Subject Headings terms. Other keywords such as
"sorafenib,” "Nexavar,” "transarterial chemoembolization,”
"TACE," "radiotherapy,” "radiation,” "EBRT," "radioembolization,"
and "TARE" were also used. Detailed search terms used for
this analysis are presented in Supplementary Table 1. Titles
and corresponding abstracts of articles in search results
were examined to select relevant ones. When an article
was considered to be potentially relevant to our analysis, 2
researchers (SL and BB) independently reviewed a full copy
of the publication based on the inclusion and exclusion
criteria stated below. Hazard ratios (HRs) and restricted mean
survival time (RMST) were obtained either directly or via the
method described below from original articles. They were then
combined for the network meta-analysis.

Inclusion and exclusion criteria
We selected articles that presented OS after treating patients

with HCC accompanied by PVTT following different treatment
regimens and provided HR between different treatment groups.
If Kaplan-Meier (KM) survival curve was only provided without
HR reported, we obtained cumulative HRs using the method
described below. Eligible studies were limited to prospective
randomized controlled studies, propensity score-matched
retrospective cohort studies, and retrospective observational
studies using propensity score analysis to reduce bias. If 2 or
more studies shared identical cohort data, the one using more
accumulated data was selected. Articles published in non-
English language were excluded.

Data extraction
Two researchers (BB and YP) extracted data of the first author,

year of publication, country of origin, study design, the number
of patients, demographics of patients, each treatment regimen,
and estimated HR and RMST between 2 different treatment
groups. The extent of PVTT was reclassified according to the
General Rules for the Study of Primary Liver Cancer by the
Korean Liver Cancer Study Group as Vp0-Vp4 [8].
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Reconstructing Kaplan-Meier data and obtaining

cumulative hazard ratios
If obtainable from the original article, HR and 95%

confidential interval (CI) between 2 different treatment
groups were recorded. If not available, KM survival data were
secondarily restored from printed survival curves to calculate
HR. The number of patients at risk at time interval points
and the total number of events were obtained from the text.
Coordinates of time and survival probability were obtained
from original survival curves printed on the paper employing
the Digitizelt software (www.digitizeit.de). Restored KM
survival data of 2 different treatment groups were combined
to calculate HR of corresponding study by applying a unique
algorithm proposed in a previous study [9]. RMST differences
between treatment groups were also obtained using restored
KM survival data. Secondarily computed HRs and RMST
differences were used for network meta-analysis with original
ones.

Assessing risk of bias in included studies
The quality of each study included in this analysis was

formally assessed using the modified Newcastle-Ottawa Scale
(NOS) that included selection, comparability, and outcome.

Statistical analyses
All statistical analyses were performed using R software

ver. 3.0.3 (R Foundation for Statistical Computing, Vienna,
Austria). "Survival” package in R was used for HR calculation.
The RMST difference was estimated using the "survRM2"
package. Network meta-analyses were conducted employing the
"netmeta” package. Endpoints in this network meta-analysis
were HRs, mean difference (MD) of survival length compared
to systemic therapy with sorafenib alone, and corresponding
95% CIs using random-effects model. Each treatment regimen
was then ranked using the P-score provided by the "netmeta”
package to assess the probability of the superiority of each
treatment regimen. Statistical significance was set at P < 0.05.
The 12 statistics provided a measure for the percentage of
total variation attributable to heterogeneity between studies.
Heterogeneity was considered significant when the 12 value
exceeded 50% [10].

RESULTS

Search results
Detailed results from the search strategy are presented

in Supplementary Table 1. Of 1,428 non-duplicate studies
identified in the literature search, 1,192 were excluded due to

Identification

Records identified from database
searches:
MEDLINE/PubMed (n = 1,188)
Embase (n = 716)
Cochrane (n = 395)
Additional records identified
through hand searches (n = 9)

Records removed before
screening:
Duplicate records removed
(n =880)

Screening

A 4

Records screened
(n=1,428)

4

Records excluded after checking
titles (n = 1,192)

Reports sought for retrieval
(n =236)

A 4

Reports excluded after checking
abstracts (n = 171)

Records assessed for eligibility
(n=65)

A 4

Reports excluded with reasons:
Inappropriate cohort (n = 38)
Did not perform propensity
matching (n = 10)

Included patients with
extrahepatic metastasis (n = 6)

Studies included in network
meta-analysis

Included

(n=11)

Fig. 1. Flow chart showing study
selection process and search
results.
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their irrelevant titles. The remaining 236 studies were screened
again based on their abstracts and 65 studies were selected for
full-text review. Finally, 11 studies were found to be qualified
for analysis [7,11-20]. A flow diagram of the literature searches
and selection process is shown in Fig. 1. The 11 studies
included 1 prospective randomized trial, 9 propensity-matched
retrospective cohort studies, and 1 retrospective cohort study
implementing propensity score adjustment in a regression
model. Seven studies were conducted in East Asian countries
(China and Korea) and 4 were conducted in European countries
(France, Germany, and Italy). Those 11 studies included for

analysis had NOS scores ranging from 5 to 9, indicating a high
quality (7 studies with NOS scores of 7-9 and 4 studies with
NOS scores of 5-6) (Fig. 2). Because of a multi-arm design in 1
study, 16 pairwise comparisons were available for 12 different
treatment regimens: (1) systemic therapy with sorafenib
alone, which was used as the reference treatment regimen;
(2) best supportive care; (3) SR; (@) SR followed by portal vein
chemotherapy (PVC); (5) radiofrequency ablation (RFA) with
sorafenib therapy; (6) external beam radiation therapy (EBRT);
(7) selective internal radiation therapy (SIRT); (8) TACE; (9)
TACE with EBRT; (10) TACE combined with SIRT; (11) TACE

Selection Comparabilit Outcome i
Study | p ity u Quality
1 2 3 4 1 1 2 3 score
Edeline [12] (2016) * - K - * * - % 5
Giorgio [14] (2016) * x K ok * * x  - 7
Cho [11] (2016) *x *x  * * * * 6
Shen [17] (2018) * x K K * * - - 6
Gao [13] (2019) * - K X * *x - X 7
Xiang [19] (2019) * x K K *k * x - 8
Yuan [20] (2019) - x Kk x * * - % 6
Mei [7] (2020) - x ok x *k * ok * 8
Su [18] (2020) S ox x % Tk * *x  *x 8
Martelletti [15] (2021) * Kk Kk *x * *x 7
Fig. 2. Modified Newcastle-
Mahringer-Kunz [16] (2021) % % % % * % * * *x 9 Ottawa Scale assessment of

selected studies.

Resection + PVC ]

Gao [13] (2019)

) Mei [7] (2020)
Resection

Su [18] (2020
EBRT L (18] 2020)

Sorafenib

TACE + EBRT ]

Shen [17] (2018)

Yuan [20] (2019) -
TACE + sorafenib l

Martelletti [15] (2021)
Cho [11] (2016)

*

[ TACE + SIRT

* Mahringer-Kunz [16] (2021)

Edeline [12] (2016)

SIRT

Giorgio [14] (2016)

RFA + sorafenib l

Fig. 3. Network of studies for network meta-analysis applying treatments for patients with hepatocellular carcinoma
accompanied by portal vein tumor thrombus. PVC, portal vein chemotherapy; EBRT, external beam radiation therapy; TACE,
transarterial chemoembolization; BSC, best supportive care; TARE, transarterial radioembolization; SIRT, selective internal

radiation therapy; RFA, radiofrequency ablation.
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with sorafenib therapy; and (12) transarterial radioembolization
(TARE). The network diagram for OS is presented in Fig, 3.

Characteristics and demographics of selected

studies
Characteristics of patients enrolled in the 11 selected studies

are provided in Table 1. A total of 1,623 patients were included
for data analysis. Most treatment groups were composed
predominantly of patients with Child-Pugh class A cirrhosis. All
studies included more male patients than female patients. Viral
hepatitis was the predominant etiology of HCC in most studies.
Serum o-FP levels were markedly elevated in most patients
with HCC accompanied by PVTT. On average, 47.7 % (range,

23.8%-100%) of PVTT status was Vp4.

Network meta-analysis results
Results of random-effects network meta-analysis are

summarized in Fig. 4. Indirect estimates of HRs comparing
sorafenib therapy alone vs. other treatment regimens are
presented in Fig, 4A. For OS, 4 treatment regimens had relatively
higher efficiency than sorafenib therapy alone. Patients treated
with SR (HR, 0.44; 95% CI, 0.33-0.58), SR followed by PVC (HR,
0.26; 95% CI, 0.16-0.42), RFA with sorafenib therapy (HR, 0.35;
05% CI, 0.19-0.64), and TACE combined with SIRT (HR, 0.72;
95% C1, 0.56-0.92) had significantly lower HR for OS than those
with sorafenib therapy alone. SR followed by PVC was ranked

Comparison: others vs. 'sorafenib’

Treatment (random-effect models) HR  95%Cl
Best supportive care —E— 3.90 [2.89-5.27]
EBRT 0.99 [0.35-2.79]
RFA plus sorafenib — 0.35 [0.19-0.64]
SIRT — . 0.40 [0.19-0.83]
Sorafenib 1.00

Surgical resection —— 0.44 [0.33-0.58]
Surgical resection plus PVC — 0.26 [0.16-0.42]
TACE — 2.84 [1.98-4.09]
TACE plus EBRT 0.56 [0.21-1.45]
TACE plus SIRT —— 0.72 [0.56-0.92]
TACE plus sorafenib — 2.14 [1.42-3.21]
TARE —_— 1.18 [0.70-2.01]

0.2 0.5 1 2 5

Fig. 4. Forest plot depicting hazard ratio (HR) of overall survival after each treatment in patients with hepatocellular carcinoma
accompanied by portal vein tumor thrombus compared to systemic therapy with sorafenib using random-effect models. Cl,
confidence interval; EBRT, external beam radiation therapy; RFA, radiofrequency ablation; SIRT, selective internal radiation
therapy; PVC, portal vein chemotherapy; TACE, transarterial chemoembolization; TARE, transarterial radioembolization.

Comparison: others vs. 'sorafenib’

Treatment (random-effect models) MD 95% CI
Best supportive care — 1.36 [-4.27-6.98]
EBRT 11.96 [-11.83-35.75]
RFA plus sorafenib — 2.86 [-5.21-10.93]
SIRT o 7.98 [-3.11-19.07]
Sorafenib 0.00

Surgical resection . 11.57 [5.85-17.29]
Surgical resection plus PVC — 17.48 [5.91-29.05]
TACE —r 4.62 [-5.30-14.53]
TACE plus EBRT 20.71 [2.88-38.54]
TACE plus SIRT T 2.82 [-3.10-8.73]
TACE plus sorafenib o B s p— 10.48 [-2.69-23.66]
TARE T 520 [-1.89-12.30]

-30 -20 -1

0 10 20 30

Fig. 5. Forest plot depicting mean difference (MD) of survival after each treatment in patients with hepatocellular carcinoma
accompanied by portal vein tumor thrombus compared to systemic therapy with sorafenib using random-effect models. Cl,
confidence interval; EBRT, external beam radiation therapy; RFA, radiofrequency ablation; SIRT, selective internal radiation
therapy; PVC, portal vein chemotherapy; TACE, transarterial chemoembolization; TARE, transarterial radioembolization.
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the best treatment regimen for OS (P-score, 93.9%), followed by
RFA with sorafenib therapy (P-score, 86.0%), SR (P-score, 77.1%),
and TACE combined with SIRT (P-score, 55.9%). There was
neither significant heterogeneity (12 = 0%) nor inconsistency (Q
= 091, P = 0.821) within treatment regimens compared.

Further analyses were performed to estimate mean survival
time difference according to each treatment regimen. It
was conducted using RMST based on time-to-event data
reconstructed from the KM curves in each original article.
Patients treated with SR (MD, 1157 months; 95% CI, 5.85-17.29
months), SR followed by PVC (MD, 17.48 months; 95% CI,
5.91-29.05 months), and TACE combined with EBRT (MD, 20.71
months; 95% CI, 2.88-38.54 months) had significantly longer
survival than those treated with sorafenib therapy alone (Fig, 5).
Significant heterogeneity (I2 = 86.5%) and inconsistency (Q =
35.26, P < 0.001) existed among original studies.

DISCUSSION

Although the standard practical guidelines such as the BCLC
and American Association for the Study of Liver Diseases
recommend systemic target therapy to treat HCC accompanied
by PVTT [21,22], recent studies have stated that patients treated
with aggressive locoregional therapeutic modalities such as
TARE, TACE/SIRT, and SR have better prognosis than those
treated with sorafenib therapy alone [16,23]. These guidelines
have a limitation in that they do not distinguish between
HCC with gross vascular invasion and those with extrahepatic
metastasis, considering them as the same class. However, it
would be reasonable to conduct a study for HCC accompanied
by PVTT excluding extrahepatic metastasis because they have
a chance of being cured with aggressive locoregional treatment
regimens, Our work indirectly but comprehensively compared
survival outcomes of various treatment regimens using network
meta-analysis, in which locoregional therapeutic modalities
demonstrated better outcomes than systematic therapy with
sorafenib alone. This statistical analysis method could suggest
which treatment regimen is most effective for patients with
HCC accompanied by PVTT without extrahepatic metastasis.
According to our study, SR followed by PVC was ranked the
best treatment regimen for those patients. To the best of our
knowledge, the work demonstrated here is the first network
meta-analysis of comparative efficiency of various treatment
regimens for HCC accompanied by PVTT without extrahepatic
metastasis.

SR has not been considered an absolute contraindication for
patients with HCC accompanied by PVTT [18], but a possible
treatment option for selected ones. It has brought great
improvement in survival outcomes for patients with HCC
accompanied by PVTT due to advanced surgical techniques and
establishment of methods for patient selection [24]. One study

has demonstrated that the median OS is 20.7 months in the
SR group and 11.6 months in the sorafenib group [7]. However,
more than 80% of patients appeared to have unresectable
HCC at the time of diagnosis. Only a limited group of patients
can be candidates for SR. In addition, SR is associated with
risk of hospital mortality and postoperative complications.
Patients should be carefully selected for SR according to their
performance status and remnant liver function reserve, If PVTT
is confined to segmental or sectional branches of the portal
vein, anatomical resection can secure tumor-free margins.
When the PVTT extends to the major branch or the main
portal vein, en-bloc resection of portal vein or a concomitant
thrombectomy could be performed [25].

Despite surgical management, owing to its poor prognosis
and high recurrence rate, the need for adjuvant therapy for
PVTT has been advocated. Various adjuvant treatments have
been investigated and some of them have been reported to be
able to prolong OS. Peng et al. [26] have assessed postoperative
TACE with a randomized comparative trial. Sun et al. [27] have
carried out a randomized controlled trial for postoperative
adjuvant intensity modulated radiation therapy. Both studies
showed better survival outcome of the treatment group than
that of the control group [26,27]. However, studies comparing
superiority of adjuvant treatment have not been reported yet.
A multicenter randomized control is needed. In our study, PVC
was performed as adjuvant therapy. It was ranked as the best
treatment for HCC accompanied by PVTT. However, PVC is
technically not feasible under some circumstances. Thus, its
practical application is limited. More investigation is needed to
validate the most proper postoperative management.

TACE has been widely used for unresectable HCC. Its
technical development has helped more patients achieve
better survival outcome. TACE is one of the locoregional
treatments that carry anticancer agents directly to cancer
through tumor feeding artery. Previously, TACE was perceived
as a contraindication to patients with HCC accompanied by
PVTT, especially when thrombosis was present in the main
portal vein [4,5]. It is attributed to theory that TACE has an
embolization effect, which can worsen the liver function by
reducing blood supply. However, some studies have stated that
if collateral circulation is intact, TACE is applicable regardless
of PVTT type without severe complications [28]. In addition,
liver necrosis rarely occurs after TACE. There are limited
treatment options for HCC accompanied by PVTT. Considering
the safety of TACE, it is commonly chosen for patients with
HCC accompanied by PVTT in practice. Based on recent studies,
TACE is obviously superior to the best supportive care [19].
However, compared to sorafenib, its superiority is not clearly
identified. Instead, combinations of various treatments can lead
to a better prognosis than TACE alone, Especially, combination
treatment of TACE and sorafenib and combination treatment of



Seungji Lee, et al: Comparing effects of different treatment regimens for HCC with PVTT

TACE and EBRT offered better survival outcomes than sorafenib
alone in our study.

Another treatment option for HCC accompanied by PVTT
is EBRT. Most concerns about radiation therapy in HCC are
assertions that HCC is a radio-resistant tumor and that serious
complications can occur due to radiation-induced liver disease.
However, multiple studies have shown that EBRT is a safe and
effective treatment option for unresectable HCC. With the
improvement of radiation delivery techniques that enable us to
localize tumor, radiation therapy is playing an important role
in multidisciplinary treatment for HCC accompanied by PVTT.
One retrospective study using propensity score matching has
argued that EBRT should be the first-line therapy, especially for
HCC accompanied by PVTT, rather than sorafenib since EBRT
can lead to longer survival time [29]. However, serious unsolved
problems such as radiation-induced lung disease and bowel
toxicity limit the application of EBRT [30]. Further studies on
effectiveness and safety of EBRT are needed.

This study has several limitations. First, only 1 prospective
randomized trial was included. Other included studies were all
retrospective ones. However, we selected retrospective studies
with propensity score matching to reduce bias. Second, newly
introduced chemotherapeutic agents were not included in this
study. Recently, according to the BCLC guideline published in
2022, atezolizumab combined with bevicizumab or durvalumab
combined with tremelimumab was newly recommended
for 1st line therapy in patients with advanced stage of HCC.
However, published studies comparing sorafenib and other
chemotherapeutic agents included patients with advanced
stage HCC including extrahepatic metastasis. These articles
were excluded because our study targeted patients with HCC
accompanied by PVTT without extrahepatic metastasis. Third,
the results of this study cannot be uniformly applied to all
patients with HCC accompanied by PVTT. Most of the patients
included in this study had compensated liver cirrhosis for
whom aggressive locoregional treatments were possible. Lastly,
since a wide variety of treatment regimens are applied to HCC
accompanied by PVTT, network meta-analysis with all regimens
is virtually impossible. Therefore, further study comparing the
different treatment regimens classified based on the mainstay

treatment such as SR, TACE, and stereotactic body radiation
therapy is necessary.

In conclusion, results of our study support that aggressive
locoregional treatment with or without combination of systemic
therapy can bring better survival outcomes for patients with
HCC accompanied by PVTT rather than systemic treatment with
sorafenib alone. Thus, we propose that aggressive locoregional
treatments such as SR or TACE combined with EBRT should be
considered for patients with HCC accompanied by PVTT.

SUPPLEMENTARY MATERIALS

Supplementary Table 1 can be found via https://doi.
org/10.4174/astr.2022.103.5.280.
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