
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/324139333

Adherence to Barcelona Clinic Liver Cancer therapeutic algorithm for

hepatocellular carcinoma in the daily practice: A multicenter cohort study

from Argentina

Article  in  European journal of gastroenterology & hepatology · April 2018

DOI: 10.1097/MEG.0000000000001049

CITATIONS

2
READS

27

22 authors, including:

Some of the authors of this publication are also working on these related projects:

Padronização dos extratos vegetais de Mimosa spp. no desenvolvimento de fitomedicamentos. FAPESP: Processo: 15/21479-8 View project

Infections and Cirrhosis View project

Federico Piñero

Hospital Universitario Austral

48 PUBLICATIONS   125 CITATIONS   

SEE PROFILE

Sebastián Marciano

Hospital Italiano de Buenos Aires

86 PUBLICATIONS   333 CITATIONS   

SEE PROFILE

Ezequiel Ridruejo

Center for Medical Education and Clinical Research “Norberto Quirno”

107 PUBLICATIONS   1,102 CITATIONS   

SEE PROFILE

Carlos Miguez

Hospital de Gastroenterología Dr. Carlos Bonorino Udaondo

20 PUBLICATIONS   337 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Federico Piñero on 01 January 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/324139333_Adherence_to_Barcelona_Clinic_Liver_Cancer_therapeutic_algorithm_for_hepatocellular_carcinoma_in_the_daily_practice_A_multicenter_cohort_study_from_Argentina?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/324139333_Adherence_to_Barcelona_Clinic_Liver_Cancer_therapeutic_algorithm_for_hepatocellular_carcinoma_in_the_daily_practice_A_multicenter_cohort_study_from_Argentina?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Padronizacao-dos-extratos-vegetais-de-Mimosa-spp-no-desenvolvimento-de-fitomedicamentos-FAPESP-Processo-15-21479-8?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Infections-and-Cirrhosis?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Federico_Pinero?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Federico_Pinero?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hospital_Universitario_Austral?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Federico_Pinero?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sebastian_Marciano?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sebastian_Marciano?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hospital_Italiano_de_Buenos_Aires2?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sebastian_Marciano?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ezequiel_Ridruejo?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ezequiel_Ridruejo?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Center_for_Medical_Education_and_Clinical_Research_Norberto_Quirno?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ezequiel_Ridruejo?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Carlos_Miguez2?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Carlos_Miguez2?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Hospital_de_Gastroenterologia_Dr_Carlos_Bonorino_Udaondo?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Carlos_Miguez2?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Federico_Pinero?enrichId=rgreq-281cf6829bdf0a85ca13d6006b0cccc3-XXX&enrichSource=Y292ZXJQYWdlOzMyNDEzOTMzMztBUzo3MTAyNDc3NjUyNzA1MjlAMTU0NjM0NzY3MTU4Mg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Adherence to Barcelona Clinic Liver Cancer
therapeutic algorithm for hepatocellular carcinoma
in the daily practice: a multicenter cohort study from
Argentina
Federico Piñeroa,g,h, Sebastián Marcianob, Nora Fernándeze, Jorge Silvao, Yanina Zambelom, Manuel Cobosd,
Alina Zeregan, Ezequiel Ridruejoc, Carlos Miguezf, Beatriz Ameigeirasj, Claudia D’Amicoi, Luis Gaitel,
Matías Coronela, Carla Bermúdezb, Carlos Rosaleso, Gustavo Romerof, Lucas McCormackd, Virginia Reggiardom,
Luis Colombatoe, Adrián Gadanob, Fernando Rubinsteink and Marcelo Silvaa; On behalf of the Argentinean
Association for the Study of Liver Diseases (A.A.E.E.H)

Background and aim Adherence to the Barcelona Clinic Liver Cancer (BCLC) staging algorithm for the treatment of
hepatocellular carcinoma is challenging in the daily practice. We aimed to analyze adherence to BCLC along with its effect on
patient survival.
Patients and methods A cohort study was conducted in 14 hospitals from Argentina including patients with newly diagnosed
hepatocellular carcinoma (2009–2016). Adherence was considered when the first treatment was the one recommended by
the BCLC.
Results Overall, 708 patients were included. At diagnosis, BCLC stages were as follows: stage 0 4%, A 43%, B 22%, C 9% and
D 22%. Overall, 53% of the patients were treated according to BCLC, 24% were undertreated, and 23% overtreated. Adherence
to BCLC increased to 63% in subsequent treatments. Independent factors associated with adherence to BCLC were the
presence of portal hypertension [odds ratio: 1.63; 95% confidence interval (CI): 1.11–2.39] and BCLC stage C (odds ratio: 0.32;
95% CI: 0.12–0.72). In a multivariable model adjusting for portal hypertension and BCLC stages, adherence to BCLC showed
improved survival (hazard ratio: 0.67; 95% CI: 0.52–0.87).
Conclusion Adherence to BCLC represents a challenge in the daily practice, with almost half of the patients being treated
accordingly, showing that the decision-making process should be tailored to each individual patient. Eur J Gastroenterol Hepatol
30:376–383
Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Liver cancer or hepatocellular carcinoma (HCC) is currently
the fifth most common cancer and the second most common
cause of death owing to cancer worldwide [1]. Staging of
HCC is multifactorial as it includes tumor burden, cancer-

associated symptoms, portal hypertension, and the degree of
liver function impairment [2]. The Barcelona Clinic Liver
Cancer (BCLC) staging system meets these objectives and
was consequently adopted as the standard clinical algorithm
in international guidelines [3–5].

The BCLC system distinguishes five stages of disease,
that is, very early, early, intermediate, advanced, and end
stage, and each stage bears its own recommended treat-
ment strategy. Various other staging systems have been
proposed, but none of which have been accepted world-
wide [6–11]. Recent data from Europe and Asia showed
that adherence to BCLC still represents a challenge in the
daily practice, with adherence rates between 40 and 60%
[12,13]. Discrepancy between each recommendation and
the treatments performed is heterogeneous [12,13], owing
to individual patient factors such as advanced age, severe
comorbidities, and tumor location [14].

Measuring applicability of the BCLC system in other
populations, which have not been studied so far, will help
to understand the regional daily-faced barriers that might
arise when selecting the appropriate treatment for indivi-
dual patients. It is in these different country-specific
scenarios where the BCLC needs to be evaluated further.
To the best of our knowledge, few data have been reported
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to date evaluating the BCLC system in Latin America [15].
Our objective, therefore, was to describe the treatments in
the daily practice, adherence to BCLC recommendation,
and its effect on survival in a multicenter cohort from
Argentina.

Patients and methods

Study design, setting, and participating centers

This observational cohort study was conducted between 1
January 2009 and 1 January 2016, in 14 different regional
hospitals from Argentina. Liver transplant (LT) and non-LT
centers from different regions of the country were invited to
participate in this registry. Feasibility of each HCC treatment
modality in each center was recorded at the time of each
patient’s HCC diagnosis. Non-LT centers had the possibility
to refer to transplant centers when appropriate. Sites were
instructed to enroll all eligible patients on a sequential basis,
and individual data were obtained from medical charts.
Study data were registered into a web-based electronic sys-
tem. Conflicting or missing data were settled by central
revision and requested resubmission.

Cohort characteristics and study variables

Consecutive adult patients (>17 years of age) with newly
diagnosed HCC from 1 January 2009 through 1 January
2016 were included and followed until death or last
patient visit. Between 1 January 2009 and 1 September
2014, a retrospective cohort was followed up to 1 January
2016 (cohort 1), and starting on 2 September 2014
through 1 January 2016, a second prospective cohort was
included (cohort 2).

Criteria for inclusion required patients to be adults with
newly diagnosed HCC by either pathological criteria or
imaging evaluation as recommended by international
guidelines [4,5]. Patients were excluded if complete clinical
baseline data were missing.

Baseline characteristics at HCC diagnosis included
patients’ demographics, performance status [Eastern
Cooperative Oncology Group (ECOG) grade 0–4] [16],
liver fibrosis grade (I–IV), and laboratory variables.
Specific major comorbidities for each subject were also
registered including the following: diabetes mellitus, severe
pulmonary chronic disease, coronary or congestive heart
disease, previous ischemic or hemorrhagic stroke, periph-
ery vascular disease, chronic kidney failure (glomerular
filtration rate <30ml/min), and any other non-HCC
malignancies.

Screening for HCC was considered as recommended by
international guidelines (excluding noncirrhotic patients,
non-hepatitis B virus, non-hepatitis C virus stage 3 fibro-
sis) [4,5]. Computed tomography or MRI was evaluated
considering tumor number and diameter, macrovascular
invasion (either portal or hepatic veins), and extrahepatic
or lymph node metastasis. In addition, Milan criteria were
assessed [17]. Serum α-fetoprotein (AFP) level recorded at
HCC diagnosis was categorized in three cutoff values: up
to 100, 101–1000, and more than 1000 ng/ml [18,19].

Tumor staging was classified according to BCLC cri-
teria including the following: Child–Pugh score, perfor-
mance status by ECOG or cancer-related symptoms,
number and tumor diameter, vascular invasion, and lymph

node or extrahepatic metastasis [3–5]. The BCLC staging
was stratified into very early-stage (BCLC 0), early-stage
(BCLC-A), intermediate-stage (BCLC B), advanced-stage
(BCLC C), and end-stage HCC (BCLC-D). All the study
centers followed the international guidelines for the treat-
ment of HCC [3–5].

Every treatment performed and corresponding dates
were recorded. These included radiofrequency ablation
(RFA), percutaneous ethanol injection (PEI), liver resection
(LR), LT, transarterial chemoembolization (TACE) [20],
sorafenib [21], or best supportive care (BSC) [3–5]. It is
noteworthy of mention an important footnote in the BCLC
algorithm regarding BCLC-D stage in which LT is
recommended in patients with heavily impaired liver
function and with no contraindication for LT regarding
HCC burden [22]. This point was also considered in our
study as recommended.

Study end points

Primary end point analyzed the proportion of cases
adhering to BCLC clinical algorithm comparing the first
treatment decision to the BCLC recommendation.
Adherence was considered when the first therapy imple-
mented was the one recommended by the BCLC [3–5,22].
If the treatment done was that from a higher BCLC stage
(e.g. a patient being BCLC-A received sorafenib), this
subject was considered as being ‘subtreated’ whereas
‘overtreated’ in the opposite situation. Patients receiving
any locoregional treatment during the waitlist (e.g. TACE)
as a bridge to LT were considered in adherence to BCLC
[23]. Two independent and blinded investigators evaluated
and agreed each corresponding BCLC stage and ther-
apeutic recommendation for each individual subject.
Investigators were asked if each treatment decision was
done in a multidisciplinary tumor board or not. In addi-
tion, the secondary objective was to evaluate the effect on
survival according to adherence to BCLC adjusted with
other confounding variables.

All procedures followed the Strengthening the
Reporting of Observational Studies in Epidemiology
guideline [24] and were approved by each center; they
complied with the ethical standards and with Helsinki
Declaration of 1975, as revised in 2008.

Statistical analysis

Categorical data were compared using Fisher’s exact test
(two-tailed) or χ2-test. Continuous variables were com-
pared employing Student’s t-test or Mann–Whitney U-test
according to their respective distributions. Unadjusted and
adjusted odds ratios (OR) and its corresponding 95%
confidence intervals (CIs) evaluating potential confound-
ing effect were evaluated from a multivariate logistic
regression analysis to identify variables related to adher-
ence. Variables with a P value of less than 0.1 after the
univariate analysis were included in the multivariate
model, generated by stepwise forward selection. Final
model’s calibration and discrimination power was per-
formed using Hosmer–Lemeshow test and receiving
operator curve, respectively. Interaction term analysis was
performed for each BCLC staging and adherence. For
survival analysis, Kaplan–Meier survival curves were
compared using the log-rank test, and a multivariate Cox
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regression analysis with hazard ratios (HR) and 95% CI
was performed. Proportional hazard assumption was
evaluated through graphic (log − log curves, cumulative
hazard Cox regression curves, and smoothed hazard esti-
mates) and statistical method (Schoenfeld residuals test).
Calibration was assessed by comparison of observed and
predicted curves and evaluation of the goodness of fit of
the model by Harrell’s c-statistic index. Collected data
were analyzed using Stata 10.0 (StataCorp LLC, College
Station, Texas, USA).

Results

Participating centers and baseline patient characteristics

A total of 708 consecutive adult patients with newly
diagnosed HCC were included in this study (Fig. 1). Six of
14 hospitals were LT centers, and 68.4% (n= 484) of the
patients were followed up in these hospitals. In six centers,
all the treatment modalities including RFA/PEI, LR, LT,
and TACE were available, of which two centers had in
addition transarterial radioembolization (TARE); four
centers had all the treatment modalities except for LT and
TARE, two centers had only TACE, and two centers did
not had any treatment modality and were referral centers.

Table 1 describes the main baseline patient characteristics.
Overall, 58.1% of the cohort was under screening (n=375 of
645 in which screening was recommended). At diagnosis,
4.2% (n=30), 43.1% (n=305), 21.3% (n=151), 9.5%
(n=67), and 21.9% (n=155) of the patients were within
BCLC 0, A, B, C, and D stages, respectively. Overall, 47% of
the cohort fell within Milan criteria (n=333). Serum AFP
more tan 1000 ng/ml presented less frequently in very early
and early stages when compared with BCLC-B-D stages (7.6
vs. 22.6%; P<0.0001).

Overall analysis of treatments according to Barcelona
Clinic Liver Cancer

A multidisciplinary tumor board accomplished each
treatment decision in 60% of the cohort (n=425). Median
time from diagnosis to the first treatment was 1 month
[interquartile range (IQR): 0–4.0 months]. Adherence to

BCLC recommendation for the overall cohort showed that
53% of the patients were first treated according to BCLC
(n=378), 24% were undertreated (n=167), and 23%
overtreated (n=163).

Treatment adherence to different BCLC stages was as
follows:

Stage 0: HCC eligible for RFA/PEI or LT (n=30).
Adherence to BCLC in this stage was 53.3% (n= 16). The
most frequent first treatments performed in this stage were
RFA/PEI in 11 patients, LT or evaluation for LT in eight
patients, and TACE in seven patients.

Stage A: HCC eligible for RFA/PEI or LR or LT
(n=305). Adherence to BCLC was 57.4% (n= 175), of
which 36 were treated with RFA/PEI, 34 with LR, and 105
were transplanted. TACE was performed as a first treat-
ment in 142 patients, of which in 49.1% was done as a
bridge for LT.

Stage B: HCC eligible for TACE (n=151). Adherence
reached 51% in this stage, with TACE being the most frequent
first treatment performed (n=76), followed by LR (n=26),
sorafenib (n=13), RFA/PEI (n=10), LT (n=7), and BSC
(n=16). Three patients were included in a study protocol.

Stage C: HCC eligible for sorafenib (n=67). Sorafenib
was the first treatment performed in this stage in 29.8% of
the cases (n= 20). Other first treatments included: RFA
(n=1), LR (n=4), LT (n= 2), TACE (n=19), TARE
(n=1). and BSC (n=16). One patient was included in a
study protocol. The two patients who were transplanted
were exceeding Milan criteria.

Stage D: HCC eligible for BSC (n= 155). Adherence to
BCLC was 58.1% in this stage (n=76). Other first treat-
ments performed in this stage included RFA (n=1), LR
(n=1), LT (n=32), TACE (n= 36), and sorafenib (n= 7).
Twenty-eight patients were transplanted within Milan
criteria without any treatment while on the waitlist.

Fig. 1. Inclusion and exclusion criteria flow chart. HCC, hepatocellular car-
cinoma.

Table 1. Patients’ baseline characteristics

Variables Values

Age (mean ±SD) (years) 62 ± 10
Sex (male) [n (%)] 537 (75.9)
Noncirrhotic liver [n (%)] 89 (12.6)
Child–Pugh A/B/C [n (%)] 352 (49.7)/238 (33.6)/118 (16.7)
Etiology of liver disease [n (%)]

Hepatitis C virus 262 (37.0)
Alcohol 147 (20.8)
NASH 81 (11.4)
Cryptogenic 68 (9.6)
Hepatitis B virus 38 (5.4)
Cholestatica 13 (1.8)
Autoimmune 3 (0.4)
Hemochromatosis 23 (3.2)
Miscellaneous 47 (6.6)

Comorbidities [n (%)] 299 (42.2)
Diabetes mellitus [n (%)] 196 (27.7)
Ascites [n (%)] 253 (35.7)

Mild 144 (20.3)
Moderate-severe 109 (15.4)

Encephalopathy [n (%)] 147 (20.8)
Grade I–II 137 (19.3)
Grade III–IV 10 (1.4)

Esophageal varices [n (%)] 394 (56.7)
ECOG 0–2/3–4 [n (%)] 637 (89.9)/71 (10.1)

ECOG, Eastern Cooperative Oncology Group; NASH, nonalcoholic steatohepa-
titis.
aCholestatic: primary biliary cholangitis, primary and secondary sclerosing cho-
langitis.
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After the first treatment, 208 patients underwent a
second treatment, of which 137 were not treated according
to BCLC at the first treatment. Among these patients, 69
received a second treatment in accordance to BCLC
recommendation, representing an increasing BCLC
adherence to 63% for subsequent treatments. Median time
from the first to the second treatment was 5 months (IQR:
2.0–11.0 months). Figure 2a shows the first treatments
performed in each BCLC stage.

Variables associated with adherence to Barcelona Clinic
Liver Cancer clinical algorithm

Univariate and multivariate logistic regression analyses
considering related variables to BCLC adherence are shown
in Table 2 (Supplementary Table 1, Supplemental digital
content 1, http://links.lww.com/EJGH/A257). Independent
factors associated with BCLC adherence were presence of

portal hypertension (OR: 1.63; 95% CI: 1.11–2.39) and
BCLC stage C (OR: 0.29; 95% CI: 0.12–0.72) compared
with BCLC 0–A (reference). No significant difference
was observed between expected and observed events
(Hosmer–Lemeshow test P=0.70).

Stratified analysis of adherence comparing transplant
and nontransplant centers

Univariate analysis considering adherence between LT
versus non-LT centers showed that although adherence
was numerically higher in LT centers, it was not statisti-
cally significant (55.8 vs. 48.2%; P=0.061) (Table 2). In
LT centers, most patients belonged to BCLC 0–A 53.1%
(n= 257), whereas in non-LT centers, most patients were
diagnosed in BCLC stages C–D 43.3% (n=97).

Comparison of adherence at each BCLC stage stratified
between LT centers and non-LT centers showed that LT

Fig. 2. First treatments performed according to BCLC stages (a). Survival according to BCLC stages (dummies categories, reference BCLC stage 0) (b). Note:
Corresponding median survival for BCLC stages were as follows: stage 0 58 months (95% CI: 38–65 months), stage A 62 months (95% CI: 40–73 months)
HR: 1.23 (95% CI: 0.57–2.67; P=0.48), stage B 36 months (95% CI: 20–56 months) HR: 2.22 (95% CI: 1.01–4.87; P=0.036), stage C 7 months (95% CI:
2–13 months) HR: 7.05 (3.16–15.69; P=0.0001), and stage D 3 months (95% CI: 1–13 months) HR: 12.29 (95% CI: 5.69–26.54; P=0.0001).
BCLC, Barcelona Clinic Liver Cancer; BSC, best supportive care; CI, confidence interval; HR, hazard ratio; LR, transarterial chemoembolization; LT, liver
transplant; TACE, transarterial chemoembolization; TARE, transarterial radioembolization.
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centers had the greatest proportional adherence at BCLC
0–A (62.6%, n=160) and lower at BCLC stage C (24.4%,
n=24.4%; P<0.0001). In non-LT centers, the highest
proportion of adherence was observed in BCLC-D stage
(66.2%, n= 47) whereas the lowest adherence was
observed in the BCLC C stage 38.5% (P=0.003).

Survival analysis according to Barcelona Clinic Liver
Cancer stages and adherence to Barcelona Clinic Liver
Cancer algorithm

Outcomes were assessed in all patients during follow-up
with a median follow-up of 12.0 months (IQR:
4.0–27.0 months). Main causes of death were advanced
HCC (n= 135), portal hypertension-related complications
(n=51), and sepsis (n= 21). Corresponding survival
curves for BCLC stages are shown in Fig. 2b.

Unadjusted and adjusted HR from a Cox regression
analysis of pretreatment baseline patient and tumor char-
acteristics since HCC diagnosis showed that variables
independently associated with 5-year mortality were age
(HR: 1.04; 95% CI: 1.02–1.05), ECOG performance
status 0–2 h (0.43; 95% CI: 0.29–0.62), Child–Pugh score
B (HR: 1.55; 95% CI: 1.16–2.06), Child–Pugh score C
(HR: 2.89; 95% CI: 2.04–4.08), serum AFP more than
1000 ng/ml (HR: 2.02; 95% CI: 1.46–2.82), and tumor
macrovascular invasion (HR: 2.51; 95% CI: 1.74–3.62)
(Table 3).

Survival since the first treatment decision was higher in
patients with adherence to BCLC when compared with
patients without adherence (HR: 0.57; 95% CI: 0.44–0.73)
(Fig. 3a). This effect on survival was independent from the
presence of portal hypertension and BCLC stage with
adjusted HR for adherence to BCLC of 0.67 (95% CI:
0.52–0.87) (Supplementary Table 2, Supplemental digital
content 1, http://links.lww.com/EJGH/A257). Harrells’s C
concordance statistic of this final adjusted survival model
was 0.74; calibration of the model showed no significant
differences between expected and observed events, and
proportional hazard assumption was kept in time
(Supplementary Fig. S1, Supplemental digital content 2,
http://links.lww.com/EJGH/A256). Survival was lower in
patients who were undertreated or overtreated according to
BCLC with a HR: 1.73 (95% CI: 1.29–2.32) and HR: 1.50
(95% CI: 1.14–1.99), respectively, when compared with
those patients with adherence to BCLC (Fig. 3b).

Sensitivity analysis

A sensitivity analysis was done after excluding patients
without cirrhosis. Adherence was lower among patients
without cirrhosis when compared with patients with cir-
rhosis (42 vs. 55%; P= 0.04). The effect of adherence
upon survival was not significant among patients without
cirrhosis, with an HR: 0.78 (95% CI: 0.36–1.72), whereas
in patients with cirrhosis, the presence of adherence

Table 2. Baseline pretreatment variables associated with adherence to Barcelona Clinic Liver Cancer

Variables Adherence to BCLC (%) Unadjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P

Age (years) 0.98 (0.97–0.99) 0.033 0.98 (0.97–1.02) 0.10
Sex
Male (n=537) 54.7 1.26 (0.89–1.79) 0.18
Female (n=171) 48.8

Liver transplant center
Yes (n=484) 55.8 1.35 (0.98–1.86) 0.06 1.32 (0.94–1.85) 0.11
No (n=224) 48.2

Comorbidity
Yes (n=299) 51.2 0.86 (0.63–1.16) 0.31
No (n=409) 55.0

Cirrhosis or F3 fibrosis
Yes (n=639) 54.6
No (n=69) 42.0 0.60 (0.36–0.99) 0.048 0.85 (0.47–1.52) 0.58

Child–Pugh
A (n=352) 51.1
B (n=238) 55.5 1.19 (0.85–1.65) 0.30
C (n=118) 55.9 1.21 (0.79–1.84) 0.36

Portal hypertension
Yes (n=484) 58.1 1.81 (1.31–2.49) <0.0001 1.63 (1.11–2.39) 0.012
No (n=224) 43.3

BCLC stagea

0–A (n=335) 57.0 – – – –

B (n=151) 50.9 0.78 (0.53–1.15) 0.22 0.97 (0.65–1.45) 0.89
C (n=67) 29.8 0.32 (0.18–0.56) <0.0001 0.29 (0.12–0.72) 0.007
D (n=155) 58.1 1.04 (0.71–1.53) 0.82 0.98 (0.64–1.52) 0.95

AFP (>1000 ng/ml)
Yes (n=106) 51.9 0.94 (0.62–1.43) 0.78
No (n=602) 53.3

Vascular invasion
Yes (n=74) 40.5 0.56 (0.34–0.91) 0.02 0.98 (0.49–1.94) 0.96
No (n=634) 54.9

Extrahepatic tumor disease
Yes (n=48) 41.7 0.60 (0.33–1.09) 0.09 1.41 (0.63–3.12) 0.39
No (n=660) 54.2

Univariate and multivariate logistic regression analyses.
Normal values: α-fetoprotein 0.6–4.4 ng/ml.
AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; HCC, hepatocellular carcinoma; LT, liver transplantation; OR, odds ratio.
aDummy or categorical variable, reference BCLC 0–A.
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remained significantly related with 5-year survival with a
HR: 0.60 (95% CI: 0.47–0.77). Finally, evaluating only
the effect upon survival among patients who received only
one treatment (n= 338) to exclude any subsequent treat-
ment bias, adherence to BCLC remained related with
survival with an HR: 0.66 (95% CI: 0.48–0.91).

Discussion

This is the first cohort study to assess adherence or
applicability of BCLC treatment recommendation in a
non-European, non-Asian population. We found that
overall first treatment adherence to BCLC was barely
beyond 50% and increased in subsequent treatments.
Adherence to BCLC at the first treatment had an effect on
patient survival independently from the presence of portal
hypertension and from BCLC stage.

The BCLC clinical algorithm is based on effective
treatments that have shown a survival benefit in clinical
trials and in observational studies [4,5]. Although the
BCLC has been proposed in western countries, it has been
assessed in Asian populations with a good prognostic
performance [25].

In the BRIDGE retrospective cohort study, in which
global patterns of HCC management were evaluated,
patients from Latin America were not included [26]. This
study showed that in western countries, the most frequent
BCLC stage was C, whereas in Asian populations, stage A
was the most frequent one. In our cohort, the most fre-
quent BCLC stages at diagnosis were stage 0–A, as seen in

almost 50% of the cases. In Asian populations, the most
frequent first treatment performed was RFA/PEI or LT,
whereas TACE was the first treatment performed for most
patients in our study. LT was the second most frequent
treatment in our cohort, similar to what was observed in
the USA [26]. However, in our study, the most parts of
TACEs were performed as a ‘treatment stage migration’
considering it as a bridge to LT [23]. In this sense, those
patients treated with this modality were adherent to BCLC
as previously mentioned.

We observed that in LT centers, most of the patients
were diagnosed at early stages whereas in non-LT centers,
most of the patients presented with advanced HCC. This
might probably respond to the fact that patients who are
transferred to non-LT centers were not candidates for LT
any longer (referral bias). In LT centers, although adher-
ence to BCLC was numerically higher than that of non-LT
centers, it did not reach statistical significance. In both LT
and non-LT centers, adherence was low in BCLC-C
patients, candidates for sorafenib treatment. This finding
suggests that the access of sorafenib should be reviewed in
the coming years in our population considering that this
drug was available in our country during the whole period
of time included in this study.

Some series have reported different rate of adherence to
BCLC [12,13,27–29]. In a Korean single-center study, in
which the most frequent BCLC stage was A, adherence to
BCLC reached 40%. In this study, the most frequent dis-
crepancies were refusal to living donor LT and financial
limitations [13]. In that study, the greatest deviation from

Table 3. Baseline variables associated with 5-year mortality

Variables 5-Year mortality rate (%) Unadjusted hazard ratio (95% CI) P Adjusted hazard ratio (95% CI) P

Age (years) 1.03 (1.01–1.04) <0.0001 1.04 (1.02–1.05) <0.0001
Sex
Male (n=537) 42.3 1.08 (0.82–1.42) 0.55
Female (n=171) 42.7

Comorbidity
Yes (n=299) 45.1 1.08 (0.86–1.37) 0.49
No (n=409) 40.7

Diabetes mellitus
Yes (n=196) 38.8 0.83 (0.63–1.08) 0.17
No (n=512) 44.0

ECOG 0–2
Yes (n=637) 37.9 0.19 (0.14–0.26) 0.0001 0.43 (0.29–0.62) <0.0001
No (n=71) 84.5

Cirrhosis or F3 fibrosis
Yes (n=639) 42.9 0.86 (0.58–1.28) 0.45
No (n=69) 39.1

Child–Pugh
A (n=352) 34.5 – 0.019 – 0.003
B (n=238) 41.6 1.38 (1.06–1.83) 0.0001 1.55 (1.16–2.06) <0.0001
C (n=118) 68.6 3.23 (2.41–4.34) 2.89 (2.04–4.08)

Portal hypertension
Yes (n=484) 40.2 1.22 (0.94–1.57) 0.13
No (n=224) 43.7

AFP (>1000 ng/ml)
Yes (n=106) 64.1 3.09 (2.31–4.15) 0.0001 2.02 (1.46–2.82) <0.0001
No (n=602) 39.5

Vascular invasion
Yes (n=74) 77.0 4.74 (3.48–6.44) 0.0001 2.51 (1.74–3.62) <0.0001
No (n=634) 38.5

Extrahepatic disease
Yes (n=48) 70.8 3.29 (2.25–4.81) 0.0001 1.36 (0.88–2.09) 0.16
No (n=660) 40.5

Cox regression analysis.
Normal values: α-fetoprotein 0.6–4.4 ng/ml.
AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma;
LT, liver transplantation.
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the BCLC recommendation accounted for stages A and C,
similar to what we have observed in our study. Another
European single-center study showed a low rate of
adherence in BCLC stage B [27]. However, an important
selection bias of candidates for TACE was observed in that
study. Other researchers from Europe have reported
adherence rates ranging from 48 to 60% [12,28,29].
A multicenter study from Italy compared treatments per-
formed applying the 2005 version of the BCLC, in which
sorafenib was not yet included [28]. In Italy, the highest
adherence rate was observed in BCLC stage A [12],
whereas in Switzerland this figure corresponded to BCLC
stage D [29].

Although in our study adherence was more than 50%
for the first HCC treatment, when we considera the sub-
sequent treatment, the overall adherence was 63%.
Independent variables related with adherence to BCLC
from a multivariate logistic regression model showed that
presence of portal hypertension almost increased two-fold
the probability of adherence to BCLC. Adherence showed
an effect on patient survival not only in the univariate
analysis but also when its effect was adjusted by the pre-
sence of portal hypertension and each BCLC stage. When
compared in a stratified analysis, adherence showed
improved survival when compared with either ‘over-
treated’ or ‘undertreated’ subgroup of patients. Finally, it
might be argued that evaluation of adherence to BCLC
should not include noncirrhotic population. In this sense, a
sensitivity analysis excluding patients without cirrhosis
showed that adherence was higher in those with cirrhosis
and the effect on survival still remained in these patients.

We faced limitations in this study, which we tried to
overcome. First, given the fact that in cohort studies with
no control group prognostic factors are likely to be biased,
a strict revision of the data was centrally requested and a
complete follow-up and outcome assessment was available
for all included patients. Second, when considering sub-
sequent treatment, re-assessment of BCLC status was not
recorded, although the time elapsed from the first to the
second treatment was short. Third, it may be argued that

subsequent treatments after the first therapeutic decision
might be influenced by the clinical outcomes (subsequent
treatment bias); however, when we performed a sensitivity
analysis excluding subsequent treatments, the effect of
adherence on survival still remained. Finally, we did not
include any intermediate BCLC subclassification [7,30], as
this has not been validated yet [31].

In summary, in our cohort, adherence to BCLC was
more than 50% and increased in subsequent treatments
with an effect on patient survival. Although the BCLC
approach appears to be rigid, it is flexible and should be
cautiously implemented and tailored to each individual
patient. It is important to consider the most adequate
option for every individual patient, including the tumor
burden, Child–Pugh and ECOG status, but also age,
comorbidities, and tumor localization, and for most,
regional or local hospital treatment feasibility are deter-
minant factors [14]. Consequently, the best treatment
option depends not only on the BCLC as a fixed recom-
mendation but rather based on an individualized clinical
decision-making process.
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