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Abstract
Introduction: According to the Barcelona Clinic Liver Cancer (BCLC) algorithm, transarterial 
chemoembolization (TACE) is recommended in patients with hepatocellular carcinoma (HCC) 
of intermediate stage (BCLC-B), whereas partial hepatectomy (PH) is restricted to early stage 
A. Expanding the indication for PH to intermediate stage remains debated. Objective: This 
meta-analysis aimed to analyze short- and long-term outcomes of PH compared to TACE in 
patients with intermediate-stage HCC. Methods: A meta-analysis was conducted according 
to PRISMA guidelines. Trials comparing PH with TACE in patients with intermediate-stage HCC 
were selected. Only patients of BCLC-B stage were included in the analyses. Primary endpoint 
was overall survival (OS) and secondary endpoint was 90-day postprocedural mortality. Ran-
dom-effects models were used to analyze time ratios (TRs). Results: Seven eligible trials were 
analyzed, including 1,730 BCLC-B patients undergoing PH (n = 750) or TACE (n = 980). Com-
parison of OS between PH and TACE determined a pooled TR of 1.91 (95% CI 1.24–2.94; p < 
0.001). Survival rates at 1-, 3-, and 5-year were 85, 60, and 42% after PH, compared to 73, 60, 
and 20% after TACE (p < 0.001). There was no difference in postprocedural mortality between 
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PH and TACE with rates of 3.7 and 3.4%, respectively (TR 0.95; 95% CI 0.17–5.50; p = 0.879). 
Conclusions: In patients with intermediate HCC, PH was associated with increased long-term 
survival compared to TACE, with comparable postprocedural mortality. These results suggest 
considering PH as treatment option in intermediate HCC and highlight the urgent need to 
refine the selection of patients with BCLC-B stage who may benefit from PH.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Responsible for 750,000 new cases each year worldwide, primary liver cancer has shown 
a worrisome epidemiological progression during the last 2 decades. In the United States, it 
affects 42,000 new patients annually and became the fastest growing malignancy in term of 
cancer-related mortality [1, 2]. Hepatocellular carcinoma (HCC), the most common form of 
liver cancer, is characterized by an aggressive biology and dismal outcomes [3].

European (EASL) [4] and previous American (AASLD) [5] consensus guidelines for the 
treatment of HCC endorse the Barcelona Clinic Liver Cancer (BCLC) algorithm [6]. According 
to these clinical practices guidelines, partial hepatectomy (PH) should only be undertaken in 
patients at early stage (BCLC-A), while patients at intermediate stage (BCLC-B) should be 
treated with transarterial chemoembolization (TACE). In the Asian guidelines [7–9], the role 
of PH has been extended to a broader subgroup of HCC patients with acceptable short- and 
long- term outcomes, and the latest AASLD guidelines also nuanced their definition of resect-
ability [10]. 

Recent data have suggested higher survival rates in subgroups of HCC patients of BCLC-B 
stage treated with PH, as opposed to TACE [11, 12]. Subsequently, meta-analyses have 
compared PH and TACE in intermediate-stage HCC patients [13–15]. Unfortunately, these 
meta-analyses included a substantial proportion of HCC patients with large single tumors 
who were classified as BCLC-B stage although BCLC classification categorizes these patients 
in the early-stage (BCLC-A) [4, 16], for whom the benefit of surgery is not debated. Therefore, 
the question of PH versus TACE in intermediate HCC remains unsolved [17].

To overcome this issue, the present study aimed to analyze and compare short- and long-
term outcomes of PH and TACE in HCC patients with strict BCLC-B stage.

Methods

Systematic review and meta-analysis were conducted according to PRISMA guidelines [18].

Systematic Review of the Literature
A comprehensive systematic review of the literature was performed throughout Medline Ovid SP, 

PubMed, Embase.com, Cochrane Central Register of Controlled Trials – Wiley, Web of Science – Core collection, 
and Google Scholar to identify studies comparing PH and TACE in patients with intermediate-stage HCC. 
Search was limited to full-text manuscripts published in English, until March 12th, 2018. Main medical 
subject headings used were: “HCC,” “hepatectomy,” and “chemoembolization.” Detailed search strategy and 
algorithms with proper syntax adapted to each database are provided in online supplementary Table 1 (for 
all online suppl. material, see www.karger.com/doi/10.1159/000505093).

Study Selection, Data Extraction, and Quality Assessment
Two investigators (D.M. and D.C.) independently assessed the eligibility of publications for selection, 

according to criteria of inclusion and exclusion (online suppl. Table 2). In case of disagreement, a consensus 
was obtained after discussion with coinvestigators (I.L. and E.M.).
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Some studies included a subset of patients with single large HCC; these patients were considered as 
BCLC-A, and therefore excluded from the analysis [4, 16]. 

The following data were extracted from each selected study: design, location, number of HCC patients (total, 
BCLC-B, treated with PH or TACE), age (years), proportions of male and Hepatitis B virus (HBV) positive patients, 
median number and size of nodules, AFP level (ng/mL), as well as main findings of the study. We used the 
modified Newcastle-Ottawa score to estimate the risk of bias of nonrandomized controlled trials (NRCT) [19].

Variables and Endpoints of Interest
The BCLC classification was followed to stratify and select patients with intermediate HCC (B stage 

according to BCLC classification) [6]. Studies using alternative classification, such as Hong Kong Liver Cancer 
staging [20], were not included. 

Primary endpoint was overall survival (OS), and secondary endpoint was postprocedural 90-day 
mortality [21]. Studies with unavailable survival data for BCLC-B patients were also excluded.

Statistical Analysis
Following Guyot et al. [22], based on the “DigitizeIt” software (https://www.digitizeit.de/) and “ipdfc” 

Stata command [23], the Kaplan-Meier data were reconstructed for each treatment arm and study. Quality 
of the reconstruction was assessed by visually comparing the Kaplan-Meier survival curves. At least 4 of the 
selected studies exhibited clear nonproportional hazards (e.g., the survival curves were crossing). Therefore, 
analysis based on the Cox model was not appropriate. Instead, we used parametric mixed effects (or multi-
level) accelerated failure time (AFT) models [24]. In the AFT metric, the effect size is measured in terms of a 
time ratio (TR; or percentile ratio [25]), which can be interpreted as the ratio of the median survival time in 
the first arm (e.g., TACE in the present study) over the second arm (e.g., surgery). To estimate TR for each 
study, we adopted an Empirical Bayes approach and the mean of the distribution was used as an overall 
estimate. We investigated the goodness of fit of various mixed effects AFT model distributions: Gamma, 
Loglogistic, Weibull, and selected the best fitting one based on the Akaike criterion, as well as visual inspection 
of the agreement between the Kaplan-Meier curves and the predicted survival curves from the parametric 
model (online suppl. Fig. 1).

This one-stage approach has been contrasted with the more commonly used 2-stage approach by Der 
Simonian and Laird, which first estimates the TR for each study and thereafter pools the estimates. The 
former has the advantage of using a more exact likelihood than the latter and allows one to compute marginal 
survival curves in addition to TR [26]. Moreover, heterogeneity is likely to be better estimated and accounted 
for by the one-stage approach. Nevertheless, as a sensitivity analysis, we also performed a 2-stage analysis 
using the flexible parametric 3-parameter Gamma AFT model to compute the TRs (online suppl. Fig. 2, 3).

In addition, as a third alternative, we investigated another approach based on nonproportional flexible 
parametric models, which allows time-dependent hazard ratios (HRs) [27] (results not shown). Despite its 
extremely great flexibility, this approach provides less readily interpretable results as HRs vary with time and a 
HR curve is estimated in each study (i.e., the effect size is not a single fixed quantity but rather a curve). On the 
other hand, AFT metric computes a single fixed-effect size per study, and heterogeneity is more readily assessed.

Due to the heterogeneity, a summary prediction interval (line) was computed and graphed on the forest 
plots, in addition to the mean and its CI (diamond). When there is heterogeneity, the prediction interval 
allows one to predict the likely impact of the intervention when applied to the target population. 

Sensitivity analyses were conducted, by excluding each study, sequentially. Overall mean TR obtained 
were graphed on a forest plot along with the overall mean TR computed without exclusion.

Statistical analyses were performed using the Stata 15.1 statistical package (Stata Corporation, College 
Station, Texas, TX, USA).

Results

Literature Review and Selection of Studies
A thorough search strategy identified 1,511 studies, after duplicates removal (online 

suppl. Fig. 4). After initial screening, 116 full-text manuscripts were evaluated for eligibility. 
A total of 109 articles were excluded based on the selection criteria. Seven studies comparing 
PH and TACE in HCC patients with BCLC-B stage were included in the meta-analysis.
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Characteristics or Selected Studies
Seven trials (1 RCT, 1 propensity score matching-NRCT, 5 NRCT) [11, 12, 28–32] were 

analyzed, totalizing 3,174 HCC patients. Four studies only included patients with BCLC stage 
B HCC [11, 12, 31, 32] while 3 trials included a subset of patients with stage A [28–30]. After 
strict selection of BCLC-B HCC patients, a total of 1,730 patients were included for final 
analysis, including 750 and 980 patients treated with PH and TACE, respectively (Table 1). 
Selected articles were published between 2009 and 2017, with a majority of studies conducted 
in Asia. Included patients showed preponderance for being male, around 60 years, and HBV 
positive. Six studies reported increased survival rates after PH compared to TACE [11, 12, 
28–30, 32], whereas one trial did not demonstrate difference in 5-year OS [31]. 

Risk of bias of NRCT was assessed with modified Newcastle-Ottawa score, showing low 
to intermediate risk (online suppl. Table 3).

Primary Endpoint: Overall Survival
Pooled analysis showed near doubling of OS in patients undergoing PH, as opposed to 

TACE (TR 1.91; 95% PI 1.24–2.94; p < 0.001; Fig. 1). The estimated between-study variance 
(i.e., amount of heterogeneity) was 0.23 on the log-time scale.

The marginal survival curves of PH and TACE, pooling all of the included studies, are 
provided in Figure 2. Median survival was 53 (95% CI 37–68) and 28 (95% CI 20–35) months 
after PH and TACE, respectively (p < 0.001). Survival rates at 1-, 3-, and 5-year were 85, 60, 
and 42% after PH, compared to 73, 60, and 20% after TACE (p < 0.001).

Secondary Endpoint: Postprocedural Mortality
No difference was identified in postprocedural mortality at 90 day between PH and TACE, 

with mortality rates of 3.7 and 3.4%, respectively (TR 0.95; 95% PI 0.17–5.50; p = 0.879; 
Fig. 3). Again, the estimated between-study variance was 0.41.

Ho et al.

Zhong et al.

Jianyong et al.

Yin et al.

Ciria et al.

Kim et al.

Tada et al.

Overall

2009

2013

2014

2014

2015

2016

2017

2.29 (1.92, 2.73)

1.83 (1.53, 2.18)

1.75 (1.47, 2.09)

2.13 (1.79, 2.54)

1.79 (1.50, 2.13)

1.92 (1.61, 2.29)

1.72 (1.45, 2.05)

1.91 (1.60, 2.28)

2.29 (1.92, 2.73)

1.83 (1.53, 2.18)

1.75 (1.47, 2.09)

2.13 (1.79, 2.54)

1.79 (1.50, 2.13)

1.92 (1.61, 2.29)

1.72 (1.45, 2.05)

1.91 (1.60, 2.28)

11 2 3

(1.24, 2.94)95% PI

Study Year TR (95% CI)

Favors TACE Favors PH
Mixed effects AFT model

Fig. 1. Pooled TR for OS. For individual studies, lines indicate CIs of TR. For pooled effect (i.e., Overall), line 
represents the PI and diamond illustrates CI around the estimated mean effect. PH, partial hepatectomy; PI, 
prediction interval; TACE, transarterial chemoembolization; TR, time ratio; AFT, accelerated failure time.
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Sensitivity Analyses
Sensitivity analyses with sequential exclusion of studies are detailed in online supple-

mentary Figure 2. Results remained consistent with mean TR varying between 1.78 and 2.00 
(95% CI 1.54–2.41). Moreover, the 2-stage analysis using the flexible parametric 3-parameter 
Gamma AFT model provided very similar results as the one-stage (TR 1.89; 95% PI 1.22–2.49; 
p < 0.001) except regarding the heterogeneity estimate, which was substantially smaller 
(estimated between-study variance = 0.006) online supplementary Figure 2. Goodness of fit 
is provided in online supplementary Figure 1.
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Fig. 3. Pooled TR for postprocedural mortality. For individual studies, lines indicate confidence intervals of 
TR. For pooled effect (i.e., overall), line represents the PI and diamond illustrates CI around the estimated 
mean effect. PH, partial hepatectomy; PI, prediction interval; TACE, transarterial chemoembolization; TR, 
time ratio; AFT, accelerated failure time.
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Discussion

This study is the first meta-analysis exploring long-term survival after PH and TACE in 
intermediate-stage HCC (BCLC-B), excluding patients with single large nodule. PH was asso-
ciated with a 1.9-fold increased survival over TACE with comparable postprocedural mortality. 

Current management of HCC lacks clear standardized consensus, resulting in important 
variations across different guidelines, particularly when comparing Eastern and Western 
recommendations [33–35]. To date, BCLC classification remains the most widely used 
treatment algorithm for HCC in Western countries, endorsed by both EASL and previous 
AASLD guidelines. While recommendations for patients at early (BCLC-A) and advanced 
(BCLC-C) stages are less debated, therapeutic strategies for intermediate stage (BCLC-B) 
remain controversial. This controversy arises from the heterogeneity of patients grouped 
together into BCLC-B. To overcome this issue, a consensus suggested to substratify BCLC-B 
stage in 4 subgroups [36]. Albeit being of interest, this subclassification is rarely used in 
clinical practice.

Over recent years, the universal role of TACE in BCLC-B has been questioned [37], with 
studies including a randomized controlled trial suggesting increased survival after PH 
compared to TACE in well-defined subgroups [11]. Previous meta-analyses have compared 
PH and TACE in BCLC-B HCC [13–15], but they included a significant proportion of solitary 
large HCC (> 5 cm) that were erroneously classified as BCLC-B stage instead of BCLC-A. 
Patients with solitary resectable HCC should be classified as BCLC-A regardless of tumor size 
[4, 6, 16], acknowledging that large HCC’s are more frequently associated with microvascular 
invasion and satellites nodules [38]. Following guidelines, PH is recommended in this group 
of patients. The inclusion of an important subset of HCC patients with BCLC-A stage in these 
meta-analyses may have biased their conclusions in favor of surgical treatment. The present 
meta-analysis was designed with strict selection criteria, which is paramount. As an illus-
tration, our stringent selection permitted inclusion of 1,730 patients, as opposed to 4,958 
[13], 2,619 [14], and 3,417 [15] patients in the other meta-analyses; these numbers under-
score the high proportion of BCLC-A patients included in those studies. Overall, our results 
suggest that tumor burden alone does not accurately reflect prognosis in BCLC-B HCC. It is 
increasingly recognized that algorithms based solely on clinical characteristics are inade-
quate to accurately predict HCC prognosis; while biomarkers such as AFP are being incorpo-
rated, better indices of tumor biology are urgently needed [4]. Although important efforts 
have been pursued in this field, molecular markers remain barely used in clinical practice to 
date [39, 40]. In the future, the development of new technologies such as liquid biopsy [41–
43] may help in selecting patients with HCC in BCLC-B stage for surgical resection. Mean-
while, clinical markers capable to refine prognosis of patients with intermediate stage are 
necessary.

For the primary endpoint (e.g., OS), a statistical analysis providing TRs instead of HRs 
was used, suggesting the superiority of PH compared to TACE in intermediate-stage HCC 
patients. In addition of being clinically more intuitive and relevant, this approach is also 
more accurate, since survival curves were clearly nonproportional. Other statistical 
approaches were also investigated: A 2-stage approach, which provided very similar results 
and conclusions as the one-stage, and another one based on nonproportional flexible para-
metric models, which generate time-dependent HRs [27]. Despite its flexibility, the later 
approach provides less-readily-interpretable results as HRs vary with time. Moreover, one 
HR curve is estimated for each study (i.e., effect size is not a single fixed value but rather a 
curve). Conversely, the AFT metric computes a single fixed-effect size per study and facili-
tates the assessment of heterogeneity. Regarding the secondary endpoint (e.g., postproce-
dural mortality), although it is widely reported at 30-, 90-day postprocedural mortality was 
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preferred here. There is increasing evidence supporting the relevance of this measure, 
particularly after HPB surgery [21]. Although increased postprocedural mortality after PH 
in comparison to TACE may have been suspected, the present results showed no difference. 
One can argue that strict selection criteria (e.g., quality of liver parenchyma, no portal hyper-
tension) in patients undergoing PH may reflect the good outcome observed in the studies 
included. Nevertheless, postprocedural mortality after PH was 3.7%, confirming that surgery 
is feasible in this group of HCC patients, providing patients have normal liver function and 
no significant portal hypertension [4]. 

Several limitations need to be addressed. These are intrinsic limitations related to this 
topic and available trials. 

Analyzed trials were essentially conducted in Asia (6 Asian and 1 European studies). This 
point raised the question whether the present findings may be extrapolated to Western 
patients. Also, one may hypothesize that the analyzed patients included an important 
proportion of noncirrhotic HCC arising on HBV-positive patients (an important subgroup in 
Asia) and that this subgroup may have favored PH; hence, it would mean that increasing the 
proportion of patients from Western countries, or of Asian patients with cirrhosis might 
impact the present results and rather favor TACE. First, Asian-born immigrants also represent 
an important subgroup of HCC patients in Western countries [44]. Second, a recent large 
multicentric study conducted in Asia and including 1,066 cirrhotic patients undergoing PH 
for multinodular HCC demonstrated that surgery can be safely performed, even with cirrhosis 
and multinodular disease [45]. Third, the included European study by Ciria et al. [31], albeit 
of small sample size, also showed increased survival after PH compared to TACE in this 
setting. 

Most included trials were non-RCT (6 NRCT and 1 RCT). This point raised the question 
of potential bias. One may hypothesize that treatment arms differed and that patients with 
preserved liver function and good functional status might be preferentially selected as 
surgical candidates. Although it would be reasonable to formulate this hypothesis, it would 
be misleading to speculate it as a fact. First, the RCT by Yin et al. [11] demonstrated the 
second-largest TR and no difference in postprocedural mortality, in treatment arms showing 
comparable patients. This confidently supports the final results of the present meta-analysis. 
Second as previously discussed, the recent large multicentric study by Li et al. [45] showed 
that PH was safe and feasible in multinodular cirrhotic patients.

Available data in the selected studies did not permit exploration of other potential prog-
nostic factors such as tumor size or liver function. Identifying subgroups of HCC patients 
within BCLC-B who may benefit from PH is paramount. This approach requires subgroup or 
meta-regression analyses integrating multiple variables extracted from each study. Such 
analyses were not performed in the present study because it would have been statistically 
inaccurate and associated with an important risk of false-positive results due to the limited 
number of included studies. In addition, potential prognostic factors were not provided in 
sufficient detail in all included studies [46, 47]. 

In conclusion, the present systematic review and meta-analysis suggests increased OS 
with comparable postprocedural mortality rates in HCC patients of strict BCLC-B stage treated 
with PH, compared to TACE. These results support the role of PH as treatment option in inter-
mediate-stage HCC and emphasize the need to refine selection criteria of patients with HCC 
in BCLC-B stage who may benefit from surgery.
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