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Abstract
Background: Due to its poor survival, intrahepatic cholangiocarcinoma (ICC) is held to be a 
much more aggressive cancer than hepatocellular carcinoma (HCC). In most published series, 
patients were diagnosed when symptomatic. However, ICC is now increasingly being discov-
ered during the surveillance for HCC in cirrhosis. Whether this earlier detection of ICC is as-
sociated with an equally dismal prognosis or not is unknown. Methods: This is amulticenter 
retrospective study of consecutive ICC patients. Patients were stratified into subgroups ac-
cording to the absence/presence of cirrhosis. A propensity score matching was performed to 
reduce the potential biases. Cirrhotic patients were further stratified according to their sur-
veillance status. The lead-time bias and its potential effects were also estimated. Results: We 
gathered 184 patients. Eighty-five patients (46.2%) were cirrhotic. Liver cirrhosis was not re-
lated to a worse overall survival (33.0 vs. 32.0 months, p = 0.800) even after the propensity 
score analysis (43.0 in vs. 44.0 months in 54 pairs of patients, p = 0.878). Among the cirrhotic 
population, 47 (55.3%) patients had received a diagnosis of ICC during a surveillance pro-
gramme. The 2 subgroups differed in maximum tumour dimensions (30 vs. 48 mm in surveyed 
and non-surveyed patients, respectively). Surveyed patients were more likely to receive surgi-
cal treatments (59.8 vs. 28.9%, p = 0.003). Overall survival was higher in surveyed patients (51.0 
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vs. 21.0 months, p < 0.001). These benefits were confirmed after correcting for the lead-time 
bias. Conclusions: Cirrhotic patients have different clinical presentation and outcomes of ICC 
according to their surveillance status. In our series, ICC in cirrhosis was not associated with 
worse OS. Cirrhosis itself should not discourage either surgical or non-surgical treatments.

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

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most frequent primary liver cancer, 
following hepatocellular carcinoma (HCC) [1]. Chronic liver diseases, and in particular liver 
cirrhosis, are a well-known risk factors for ICC [1]. However, the prognostic relevance of liver 
cirrhosis is still unknown. Current evidence relies on few single-centre retrospective studies, 
which provided contradictory results. In 2 Eastern surgical series, Li et al. [2] reported that 
survival rates were poorer for patients with cirrhosis than for those without cirrhosis, 
whereas Luo et al. [3] identified liver cirrhosis as a protective factor. In the only Western 
series (which included both surgical and non-surgical cases), Jesper et al. [4] reported no 
difference in survival between non-cirrhotic patients and patients with compensated 
cirrhosis. Interestingly, ICC can sometimes be discovered during the surveillance for HCC in 
cirrhosis [5]. None of these studies reported whether cirrhotic patients received the diag-
nosis of ICC in the setting of ultrasound surveillance, which is commonly recommended for 
the early detection of HCC and that might, theoretically, lead to an earlier diagnosis of ICC as 
well.

Despite this relative lack of evidence, the treatment of patients with both liver cirrhosis 
and ICC is gaining clinical significance due to the increasing prevalence of both conditions 
[6–8]. It also raises the question of whether these patients constitute a distinct group needing 
to be treated differently from patients without cirrhosis. Therefore, we aimed to assess the 
prognostic role of liver cirrhosis and the potential effects of ultrasound surveillance in a large 
collaborative multicenter study.

Methods

Study Design and Clinical Setting
This retrospective observational study included all patients who received a histological diagnosis of ICC 

in 4 centres located in 3 different institutions (S.Orsola-Malpighi Hospital – Bologna; Fondazione IRCCS Ca’ 
Granda – Milan; Policlinico S. Matteo – Pavia) between January 2003 and December 2017. The date of the last 
follow up was August 31, 2019.

The following data were available for each patient: age, sex, history of underlying liver diseases and liver 
functioning laboratory tests, Eastern Cooperative Oncology Group Performance Status, tumour dimension, 
multinodularity, and spread to lymphnodes or distant organs. Tumour staging was re-categorized according 
to the American Joint Committee on Cancer-TNM (AJCC-TNM) eighth edition classification for ICC [9].

Assessment of Liver Cirrhosis
Patients were divided into subgroups according to the absence/presence of liver cirrhosis. Cirrhosis 

was diagnosed either based on histology or on a combination of non-invasive paramenters (including liver-
directed physical exam, routine blood tests, elastography, liver imaging and fibrosis scores), according to the 
standard of practice [10, 11].

Definition of Ultrasound Surveillance in Cirrhotic Patients
Patients with liver cirrhosis were further distinguished in patients undergoing ultrasound surveillance 

for HCC and patients who had not been surveyed. ICC was considered to be diagnosed during surveillance if 
it was first detected during the semi-annual ultrasound surveillance programme, which is recommended for 
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cirrhotic patients for early detection of HCC. Patients who received a simultaneous diagnosis of ICC and 
cirrhosis or who already had a diagnosis of cirrhosis but did not perform or were not compliant with the 
semiannual surveillance protocol were considered non-surveyed patients.

Ethics
The Ethics Committee approved the study (protocol 78/2017/O/OSSN), which was conducted according 

to the ethical guidelines of the 1975 Declaration of Helsinki. Considering the retrospective design of the study 
and the unfavourable prognosis of the investigated disease, the Ethics Committee waived the need for 
informed consent for deceased patients and for patients whose clinical conditions had worsened to a point 
in which they were not able to sign a valid consent. All of the remaining patients signed the informed consent 
for this study.

Statistics
Continuous data are expressed as median (range). Categorical variables have been reported as 

frequencies. Group comparisons were performed with the Mann-Whitney test for continuous variables and 
with the Fisher test or the Cochran-Armitage test for trend, as appropriate. Overall survival (OS) was defined 
as the time between the diagnosis of ICC and death or last follow-up examination. Survival curves were esti-
mated using the product-limit method of Kaplan-Meier. The role of stratification factors was analysed with 
log-rank tests. The role of prognostic factors was investigated with a Cox-regression analysis. Recognized 
prognostic factors of ICC as well as variables reaching a p value <0.10 at the univariate analysis were included 
in the multivariable models. A first multivariable model was designed including only the main baseline 
clinical and tumour characteristics of ICC patients. This model was carried out to enable a comparison with 
previous studies which used similar variables. Subsequently, we designed a second multivariable model, that 
included also the treatment received, as it usually represents the main predictor of survival. The latter model 
was further used for the calculation of the propensity score. p values <0.05 were considered statistically 
significant.

To limit the effects of possible selection bias, we performed a propensity score analysis to correct the 
imbalances of prognosticators when comparing cirrhotic and non-cirrhotic patients. The propensity score is 
the conditional probability of being treated given a set of observed potential confounders. In this way, all the 
information from a group of potential confounders is summarized into a single-balancing score variable. 
Propensity score assures that the distribution of measured baseline covariates is maintained unchanged 
across the study groups.

Lead-time bias is defined as the false impression of improved survival in a screened population without 
affecting mortality because the cancer is diagnosed earlier in the natural history of the disease, but the 
patient still dies of cancer [12]. To address the potential lead-time bias when estimating the effects of 
surveillance in cirrhotic patients, we calculated the lead time of ICC in the same methodological line used 
for other screening programmes [13–15]. To assess the doubling time of ICC, we searched the Medline 
database from January 2000 to August 2019 with the keywords or Medical Subject Headings “cholangiocar-
cinoma” AND “doubling time” AND/OR “growth rate.” All the studies were limited to humans and literature 
in English. The assumptions for the sojourn time and the consequent procedures for calculating the lead 
time are reported in the Appendix. Statistical analyses were performed using SPSS version 23.0 (SPSS Inc., 
Chicago, IL, USA).

Results

Characteristics of the Whole Study Population
A total of 185 patients were included in this study (Table 1). Female gender was slightly 

predominant (57.3%), and the median age at the diagnosis of ICC was 65 years. Sixteen 
patients (8.7%) had an underlying hepatitis B virus infection, 38 (20.7%) a chronic hepatitis 
C virus infection, 48 (26.1%) a non-viral (mainly alcoholic or dysmetabolic) chronic liver 
disease, while 82 patients (44.6%) had no evident underlying liver diseases. Solitary tumours 
were found in 123 (66.5%) patients, with a median diameter of 55 mm (IQR 35–90). Nodal 
involvement was found in 29 (15.8%) patients and distant metastasis in 19 patients (10.3%). 
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Variable

Age, years 65 (59–72)
Female sex 106 (57.3)
Cirrhosis 85 (46.2)
PS > 0 51 (27.7)
Main tumour dimension, mm 55 (35–90)
Multinodular disease 62 (33.7)
N1 29 (15.8)
M1 19 (10.3)
Macrovascular invasion 14 (7.6)
Tumour grading

G1 78 (42.4)
G2 74 (40.2)
G3 32 (7.4)

TNM stage
1a 68 (37.0)
1b 35 (19.0)
2 37 (20.1)
3 25 (13.5)
4 19 (10.3)

Treatment
Surgery 107 (58.2)
Locoregional procedures 31 (16.8)
Chemotherapy 35 (19.0)
BSC 11 (6.0)

Continuous variables are expressed as median (interquartile range). 
Categorical variables are reported as absolute frequencies (percentage).
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Table 1. Whole study population 
background

Fig. 1. OS stratified according to 
the TNM stage in the whole study 
population. OS, overall survival.
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Fig. 2. OS stratified according to 
the treatment received in the 
whole study population. OS, over-
all survival.

Table 2. Predictors of survival in the whole study population according to the Cox regression analysis 
(including treatment received)

Variable Univariate analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Age, year 1.004 0.986–1.023 0.654
Male sex 0.738 0.511–1.065 0.105
Aetiology

Healthy liver – Reference –
HBV infection 0.625 0.306–1.274 0.196
HCV infection 1.088 0.698–1.697 0.710
Non-viral liver disease 0.783 0.495–1.241 0.298

Cirrhosis 0.955 0.667–1.367 0.802
ECOG PS > 0 2.036 1.398–2.966 <0.001 1.137 0.731–1.769 0.568
Main tumour dimension, mm 1.009 1.005–1.014 <0.001 1.003 0.998–1.009 0.227
Multinodular disease 2.304 1.590–3.339 <0.001 1.832 1.203–2.789 0.005
N1 1.228 0.743–2.028 0.423
M1 3.839 2.195–6.714 <0.001 1.804 0.912–3.596 0.090
Tumour grading

G1 – Reference – – Reference –
G2 1.446 0.965–2.166 0.074 1.456 0.943–2.249 0.090
G3 2.141 1.299–3.527 0.003 1.533 0.900–2.611 0.116

Treatment
Surgery – Reference – – Reference –
Locoregional procedures 2.005 1.231–3.265 0.005 2.201 1.322–3.665 0.002
Chemotherapy 6.062 3.710–9.904 <0.001 3.211 1.719–6.000 <0.001
BSC 16.585 7.696–35.742 <0.001 13.889 5.887–32.766 <0.001

ECOG PS, Eastern Cooperative Oncology Group Performance Status.
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Staging according to the AJCC TNM classification was as follows: stage 1: 56%; stage 2: 20.1%, 
stages 3–4: 23.9%. A majority of patients underwent surgery (58.2%). Locoregional proce-
dures (16.8%), systemic chemotherapy (19.6%), or best supportive care (6.0%) were utilized 
as treatments in the remaining patients. At the end of the follow-up period, 120 (65.2%) 
patients had died. The median overall survival was 33.0 months (95% CI 25.0–41.0). The 
stratification according to the AJCC-TNM classification identified different survivals according 
to the tumour stage (Fig. 1). Also, survival differed according to the received treatment, with 
a median OS of 52.0 months for surgery, 29.0 months for locoregional treatments, 11.0 for 
chemotherapy, and 7.0 months for best supportive care (Fig. 2).

At the Cox univariate analysis, tumour dimensions, multinodularity, distant metastasis, 
performance status, and tumour grading were related to the overall survival. The first multi-
variable model confirmed tumour dimensions, multinodularity, distant metastasis, and 
performance status as independent predictors of survival (online suppl. Table 1; for all online 
suppl. material, see www.karger.com/doi/10.1159/000509059). In the second model, that 
included also the treatment received, the multivariate analysis confirmed treatment and 
multinodularity as the sole predictors of survival (Table 2).

Comparison between Cirrhotic and Non-Cirrhotic Patients
Eighty-five patients (46.2%) of the whole population were cirrhotic. The Child-Pugh class 

was A5 in 65 (76.5%), A6 in 12 (14.1%), B7 in 6 (7.1%), and B8 in 2 patients (2.4%).

Table 3. Characteristics of patients with and without liver cirrhosis

Variable Non-cirrhotic patients 
(n = 99)

Cirrhotic patients 
(n = 85)

p value

Age, years 65 (57–72) 65 (60–72) 0.872
Female sex 53 (53.5) 26 (30.6) 0.002
PS > 0 71 (71.7) 62 (72.9) 0.870
Main tumour dimension, mm 80 (50–100) 36 (23–58) <0.001
Multinodular disease 39 (39.4) 23 (27.1) 0.087
N1 21 (21.2) 8 (9.4) 0.041
M1 15 (15.2) 4 (4.7) 0.027
Macrovascular invasion 4 (4.0) 10 (11.8) 0.056
Tumour grading

G1 36 (36.4) 42 (49.4) 0.338
G2 47 (47.5) 27 (31.8)
G3 16 (16.2) 16 (18.8)

TNM stage
1a 20 (20.2) 48 (56.5) <0.001
1b 28 (28.3) 7 (8.2)
2 21 (21.2) 16 (18.8)
3a 0 1 (1.2)
3b 15 (15.2) 9 (10.6)
4 15 (15.2) 4 (4.7)

Treatment
Surgery 68 (68.7) 39 (45.9) 0.003
Locoregional procedures 1 (1.0) 30 (35.3) <0.001
Chemotherapy 24 (24.2) 11 (12.9) 0.060
BSC 6 (6.1) 5 (5.9) 1.000

Continuous variables are expressed as median (interquartile range). Categorical variables are reported 
as absolute frequencies (percentage).
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Compared to the non-cirrhotic cohort, cirrhotic patients were more often males (53.5 vs. 
30.6%), had smaller tumours at the diagnosis (36 vs. 80 mm), and a rarer occurrence of nodal 
involvement (9.4 vs. 21.2%) and distant metastasis (4.7 vs. 15.2%) (Table 3). Nonetheless, 
cirrhotic patients were less likely to undergo surgery (45.9 vs. 68.7%) but received locore-
gional treatments more often (35.3 vs. 1.0%). There was also a trend for a reduced likelihood 
of receiving chemotherapy (12.9 vs. 24.2%, p = 0.060). On the contrary, the rate of patients 
receiving best supportive care was similar in the 2 groups (Table 3). The crude survival did 
not differ from that of non-cirrhotic patients (33.0 vs. 32.0 months, p = 0.800).

The propensity score analysis identified 54 pairs of patients. The comparison of the 
critical variables after the matching confirmed no significant differences in OS between the 
selected patients (online suppl. Table 2). In these matched populations, the OS was similar in 
both groups (43.0 vs. 44.0 months, p = 0.878).

The Role of Surveillance in Cirrhotic Patients
Among the 85 cirrhotic patients, 47 (55.3%) received the diagnosis of ICC during a 

surveillance programme, whereas the remaining 38 (44.7%) patients were diagnosed symp-
tomatically or incidentally. These 2 groups were similar in terms of age and sex (Table 4). The 

Table 4. Characteristics of cirrhotic patients according to their surveillance status

Variable Non-surveilled patients 
(n = 38)

Surveilled patients 
(n = 47)

p value

Age, years 68 (60–74) 63 (59–70) 0.064
Female sex 11 (28.9) 15 (31.9) 0.816
PS > 0 12 (31.6) 11 (23.4) 0.466
Child-Pugh class

A5 29 (76.3) 37 (78.7) 0.643
A6 5 (13.2) 7 (14.9)
B7–B8 4 (10.5) 3 (6.4)

Main tumour dimension, mm 48 (35–80) 30 (17.42) <0.001
Multinodular disease 13 (34.2) 10 (21.3) 0.223
N1 5 (12.3) 3 (6.4) 0.458
M1 3 (7.9) 1 (2.1) 0.320
Macrovascular invasion 2 (5.3) 8 (17.0) 0.174
Tumour grading

G1 13 (34.2) 29 (61.7) 0.015
G2 15 (39.5) 12 (25.5)
G3 10 (26.3) 6 (12.8)

TNM stage
1a 16 (42.1) 32 (68.1) 0.037
1b 6 (15.8) 1 (2.1)
2 7 (18.4) 9 (19.1)
3a 0 1 (2.1)
3b 6 (15.8) 3 (6.4)
4 3 (7.9) 1 (2.1)

Treatment
Surgery 11 (28.9) 28 (59.6) 0.008
Locoregional procedures 16 (42.1) 14 (29.8) 0.262
Chemotherapy 6 (15.8) 5 (10.6) 0.530
BSC 5 (13.2) 0 0.056

Continuous variables are expressed as median (interquartile range). Categorical variables are reported 
as absolute frequencies (percentage).
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2 groups were also similar in terms of liver function and portal hypertension parameters 
(online suppl. Table 3). Instead, they differed in tumour dimensions (30 and 48 mm in 
surveyed and non-surveyed patients, respectively) (p < 0.001). As a result, surveyed patients 
were more likely to be treated surgically (59.8 vs. 28.9%, respectively). Consequently, the 
crude survival was significantly different between these groups (51.0 vs. 21.0 months, p = 
0.001), with a crude reduction in the mortality risk of 59% in surveyed patients (HR 0.410–95% 
CI 0.238–0.705). Dissecting the cirrhotic patients according to their surveillance status and 
comparing them with non-cirrhotic patients revealed 3 different survival patterns (surveyed 
cirrhotic patients: median OS 51.0 months; non-cirrhotic patient: median OS 32.0 months; 
non-surveyed cirrhotic patients: median OS 21.0 months; p = 0.006) (Fig. 3).
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The correction for the lead-time bias left these results largely unchanged. In detail, the 
literature research identified a single pertinent paper [16], in which the median doubling 
time of ICC was 70 days. The median lead time in our cohort was 4.7 months (IQR 4.6–4.8). 
The adjusted median OS (46.2 months) was still higher in comparison with that of non-
surveyed patients (p = 0.004), with an adjusted reduction in the mortality risk of 54% (HR 
0.464–95% CI 0.271–0.796) (Fig. 4).

Additional Analyses
To further assess the role of liver cirrhosis in determining the OS, we intended to 

re-analyse the survival after a stratification according to the surveillance status. A proper 
stratification was not possible since all of the non-cirrhotic patients had been diagnosed 
symptomatically, so a subgroup of non-cirrhotic surveyed patients could not be created. 
Indeed, 18 patients had chronic liver disease without liver cirrhosis (HBV: 2 patients, HCV: 8 
patients, and alcoholic liver disease: 8 patients). In all of these cases, however, the underlying 
liver disease was discovered contextually to the ICC diagnosis. Viral hepatitis was diagnosed 
thanks to the pre-treatment standard investigation, while alcohol emerged as a risk factor 
when medical history data were collected.

Instead, a comparison between non-cirrothic patients and unsurveyed cirrhotic patients 
was feasible. When considering only these 2 populations, the univariable analysis confirmed 
tumour dimension, multinodularity, grading, performance status, metastatic disease, and 
treatment received as factors associated with the OS (cirrhosis reached a borderline signifi-
cance – p = 0.060). The multivariable Cox regression showed that only treatment was an inde-
pendent predictor of OS (liver resection = reference; locoregional treatments HR 2.451 [95% 
CI 1.930–4.516], p = 0.004; chemotherapy HR 5.363 [95% CI 3.026–9.317], p < 0.001; best 
supportive care HR 14.627 [95% CI 6.583–32.500], p < 0.001). On the contrary, liver cirrhosis 
was not predictive of OS (HR 0.999 [95% CI 0.534–1.869], p = 0.998).
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Discussion

So far, reports about the outcomes of ICC have provided conflicting results [17], espe-
cially in the cirrhotic population [2–4, 18], mirroring a large inter-centre variability. Conse-
quently, we adopted a multicenter approach to reduce the risk of an inherent selection bias 
for the first time.

Our study population was mainly recruited in centres who routinely perform abdominal 
ultrasound examinations and most of which deliver clinical hepatological activities. This 
peculiarity allowed the recruitment of both patients who had been investigated to charac-
terize focal lesions on healthy liver and cirrhotic patients performing ultrasound examina-
tions during the surveillance programmes for HCC. For these reasons, the rate of cirrhotic 
patients was relatively high in comparison with previous series [4, 15]. Nonetheless, our 
whole cohort remained representative of the ICC population, as demonstrated by the outcomes 
of the surgical and non-surgical procedures and by the prognostic role of the AJCC-TNM clas-
sification, which is consistent with previous literature extents. By analysing our population, 
2 main findings deserve discussion.

First, we found that cirrhotic patients with ICC were under a surveillance programme for 
HCC in about half of the cases. These patients had a significantly smaller ICC at the diagnosis 
and were more likely to be treated with surgical procedures. As a result, their prognosis was 
significantly better compared to that of non-surveyed cirrhotic patients. Even after applying 
the effects of a possible lead-time bias, the benefit of being under surveillance was largely 
confirmed. This is new evidence, as previous studies about ICC in cirrhotic patients never 
mentioned the surveillance status of the patients. A different possible rate of ICC diagnosed 
during surveillance might justify the conflicting evidence emerged in previous studies, which 
reported a higher, similar or lower OS in cirrhotic in comparison to non-cirrhotic patients.

Second, directly from the latter point, we found a similar OS in cirrhotic and non-cirrhotic 
ICC. This result is consistent with a previous report by Jesper and colleagues [4]. Differently 
from that study, however, we found differences in the clinical presentation of ICC in cirrhotic 
and non-cirrhotic patients. Overall, ICC was detected at an earlier stage in cirrhotic patients, 
with a lower likelihood of spread both to lymphnodes and to distant organs. As a result of 
these differences, we carried out a propensity score analysis to assess the role of cirrhosis as 
a prognostic factor correctly. Even after matching patients, liver cirrhosis did not result in a 
significantly lower OS. The presence of a large proportion of ICC diagnosed during surveil-
lance is an element of critical importance in the interpretation of the aforementioned 
difference between cirrhotic patients as a whole and non-cirrhotic subjects. When performing 
a 3-group comparison, the OS significantly decreased from cirrhotic surveyed patients to 
non-cirrhotic and cirrhotic non-surveyed patients.

Our results have different implications in the clinical practice. First, liver cirrhosis itself 
should not be considered a contraindication to the treatment of ICC, as the outcome of cirrhotic 
patients does not differ from that of non-cirrhotic patients. When not contraindicated by liver 
function, portal hypertension or comorbidities, surgery should always be considered in first line 
in these patients, as it can dramatically improve their outcome. Similarly, locoregional and 
systemic treatments should not be discouraged, provided that liver function and coagulative 
parameters are permissive. As a second point, this study demonstrated for the first time that the 
semiannual ultrasound surveillance brings not only the known benefits for the early detection 
of HCC, but for ICC as well. While the prevalence of ICC alone would not justify the costs of the 
surveillance, this further benefit could be taken into consideration by policymakers and guide-
lines when evaluating the cost-effectiveness of the surveillance protocols in liver cirrhosis.

Our results should also be interpreted considering some limitations. First, the data of our 
study are retrospective in nature. However, cases were consecutively selected to reduce 
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potential biases. Moreover, the risk of bias due to the presence of unbalanced prognosticators 
between groups was controlled applying a propensity score analysis. Second, our study 
included mostly patients in Child-Pugh A class. The small number of Child-Pugh B patients did 
not allow dedicated statistical analyses. As such, caution is needed before extending our 
findings to Child-Pugh B patients. Third, despite addressing the problem of the lead-time bias, 
other biases may be present when assessing the benefits of screening programmes, especially 
length-time bias. Length-time bias is defined as an overestimation of survival of screening-
detected cases caused by the relative excess of slower growing tumours detected with respect 
to symptomatic cases [17, 18]. A precise estimation of the length-time bias, however, is still 
lacking in the setting of the early detection of ICC. Hence, dedicated modelling studies are 
welcome.

In conclusion, we found that cirrhotic patients might have a different clinical presen-
tation and disease course of ICC according to their surveillance status, significantly influ-
encing the chance of receiving curative surgery and therefore of obtaining satisfactory long-
term outcomes. The discrepant results of previous studies evaluating the prognostic role of 
cirrhosis might be at least partly justified by the unknown rates of surveyed patients. In our 
series, cirrhosis (compensated in the majority of cases) was not associated with worse 
outcomes. Therefore, cirrhosis itself should not discourage either surgical, locoregional, or 
systemic treatments.
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