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Abstract
Background Laparoscopic liver resection (LLR) has now been established as a safe and minimally invasive technique that 
is deemed feasible for treating hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC). However, the role 
of LLR in treating combined hepatocellular-cholangiocarcinoma (cHCC-CC) patients has been rarely reported. This study 
aimed to assess the efficacy of LLR when compared with open liver resection (OLR) procedure for patients with cHCC-CC.
Methods A total of 229 cHCC-CC patients who underwent hepatic resection (34 LLR and 195 OLR patients) from Janu-
ary 2014 to December 2018 in Zhongshan Hospital, Fudan University were enrolled and underwent a 1:2 propensity score 
matching (PSM) analysis between the LLR and OLR groups to compare perioperative and oncologic outcomes. Overall 
survival (OS) and recurrence-free survival (RFS) parameters were assessed by the log-rank test and the sensitivity analysis.
Results A total of 34 LLR and 68 OLR patients were included after PSM analysis. The LLR group displayed a shorter post-
operative hospital stay (6.61 vs. 8.26 days; p value < 0.001) when compared with the OLR group. No significant differences 
were observed in the postoperative complications’ incidence or a negative surgical margin rate between the two groups (p 
value = 0.409 and p value = 1.000, respectively). The aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
and inflammatory indicators in the LLR group were significantly lower than those in the OLR group on the first and third 
postoperative days. Additionally, OS and RFS were comparable in both the LLR and OLR groups (p value = 0.700 and p 
value = 0.780, respectively), and similar results were obtained by conducting a sensitivity analysis.
Conclusion LLR can impart less liver function damage, better inflammatory response attenuation contributing to a faster 
recovery, and parallel oncologic outcomes when compared with OLR. Therefore, LLR can be recommended as a safe and 
effective therapeutic modality for treating selected cHCC-CC patients, especially for those with small tumors in favorable 
location.
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Combined hepatocellular-cholangiocarcinoma (cHCC-CC) 
is a rare and aggressive primary hepatic malignancy origi-
nating from the cells having histological characteristics of 
both hepatocellular carcinoma (HCC) and intrahepatic chol-
angiocarcinoma (ICC) [1]. Being a rare entity, the variable 
incidence rate of cHCC-CC ranges from 2–5% in primary 
liver cancers [2].

The clinical features of cHCC-CC remain controversial 
as this disease shows intermediate clinical features between 
HCC and ICC. Several studies have shown that some fea-
tures of cHCC-CC resemble the aggressive behavior of 
HCC, whereas other features mimic ICC characteristics [3, 
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4]. Previous literature demonstrated that genetic features of 
cHCC-CC were more similar to ICC than HCC [5], which 
was in contrast with another recent study that identified that 
cHCC-CC harbored frequent genetic aberrations similar to 
HCC [6]. Another multicenter study that used genomic and 
transcriptomic sequencing revealed that in cHCC-CC, areas 
with a clear boundary between the HCC and ICC compo-
nents demonstrated robust ICC-like pathological features, 
whereas those parts without clear boundaries between the 
two components exhibited HCC-like features [7].

At present, no specific guidelines have been estab-
lished for effective management of this disease, but sur-
gical intervention remains one of the most effective cura-
tive approaches that yields improved desired outcomes in 
patients with cHCC-CC [2, 8]. LLR has been proven as 
a safe and effective surgical option in treating aggressive 
liver tumors, such as HCC, ICC, or other metastatic liver 
tumors, etc. [9–13]. However, to the best of our knowledge, 
there is no evidence comparing LLR and OLR as effective 
therapeutic interventions for cHCC-CC patients. Our study 
aimed to evaluate the efficacy of LLR for cHCC-CC patients 
and compare resultant perioperative and oncologic outcomes 
between the LLR and OLR groups.

Patients and methods

Study population and data collection

This retrospective study was approved by the institutional 
review board of Zhongshan Hospital, Fudan University. 
Informed consent was obtained from each patient. Patient 
data were collected retrospectively from the electronic medi-
cal records of Zhongshan Hospital, Fudan University. From 
January 2014 to December 2018, 365 patients who under-
went surgical treatment for cHCC-CC in our institute were 
identified by pathological diagnosis. Among these patients, 
26 patients were excluded due to receiving liver transplan-
tation, and 78 patients were prohibited due to preoperative 
anti-tumoral therapies or a repeat hepatectomy procedure 
for recurrence, to avoid their impact on survival and keep 
balance in baseline characteristics. Moreover, as LLR was 
not initially recommended for patients with portal vein or 
inferior vena cava tumor thrombosis, 32 individuals were 
excluded from this account. Henceforth, a total of 229 
patients (34 LLR and 195 OLR) were included in this study 
(Fig. 1).

Baseline patient characteristics

Patients’ baseline characteristics like age, sex, body mass 
index (BMI), as well as comorbid disease history (hyperten-
sion, diabetes mellitus, and heart disease), were recorded. 

The hepatitis B/C virus (HBV/HCV) and preoperative anti-
viral treatment status were also identified. Preoperative labo-
ratory examinations were obtained for each patient, which 
included complete blood count examination, liver function 
test, coagulation function test, serum tumor biomarker test, 
etc.

Perioperative parameters

Individual features about tumor size, number, and capsu-
lation were obtained. Additional information like the type 
of resection, operation time, estimated intraoperative blood 
loss, blood transfusion, Pringle maneuver application, and 
intermittent clamping time was recorded. Anatomic liver 
resection is defined as systematic resection of a hepatic 
segment confined by tumor-bearing portal tributaries [14]. 
Moreover, major liver resection is defined as a resection of 
three or more liver segments.

Complete blood count examination and liver function test 
data was obtained along with the calculation of four serum 
component indexes that included systemic immune-inflam-
mation (SII), platelet-to-lymphocyte ratio (PLR), neutrophil-
to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio 
(LMR), on the first and third postoperative day, respectively 
[15].

Furthermore, the percentage of positive surgical margin, 
as well as the resection margin value, was also calculated. 
The resection margin was defined as the minimum distance 
between the tumor and the cutting edge in the formalin-
fixed tissues. Liver cirrhosis stages were recorded and con-
firmed by histopathological examination of paracarcinoma 
tissues. Moreover, tumor characteristics, including micro-
vascular invasion status, tumor TNM staging, and Edmond-
son–Steiner (ES) grade, were also registered. T stage was 
assigned according to the 8th edition staging system of the 

Fig. 1  The flowchart of the study design and population. LLR laparo-
scopic liver resection, OLR open liver resection
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American Joint Committee on Cancer (AJCC) for cHCC-
CC cases. Additionally, metastasis status of lymph nodes 
was also confirmed through histopathological diagnosis in 
patients who underwent lymph node dissection.

According to the Clavien-Dindo classification [16], post-
operative complications were evaluated and classified. The 
length of postoperative hospital stay was reviewed for each 
patient.

Follow‑up

After hepatic resection, all patients were followed up at one 
month and then after every two or three months. Follow-up 
assessments included complete blood count examination, 
liver function test, tumor biomarker assessment, chest X-ray, 
abdominal ultrasonography, either computed tomography 
(CT), or magnetic resonance imaging (MRI) [17]. Positron 
emission tomography-computed tomography (PET-CT) was 
usually performed in patients with suspicious metastasis. 
Recurrence is defined as a typical imaging appearance (CT, 
MRI, and/or PET-CT scan). In addition, OS is defined as 
the period from the date of hepatectomy to death or the lat-
est follow-up, and RFS was defined as the duration from 
the date of hepatectomy to recurrence or the latest follow-
up. Patients who received adjuvant treatment after surgery, 
including preventive chemotherapies or transcatheter arterial 
chemoembolization, were also recorded during the follow-
up period.

Statistical analysis

Continuous data were expressed as the mean [± standard 
deviation (SD)] or median [interquartile range (IQR)]. 
Normally distributed continuous variables were compared 
by Student’s t test, and non-normally distributed continu-
ous data were analyzed using the Mann–Whitney U test. 
Categorical variables were analyzed using the Chi-square 
(χ2) test or Fisher’s exact test as appropriate to the situation. 
OS and RFS were estimated by the Kaplan–Meier method 
and consequently compared by the log-rank test in the PSM 
population. Univariate analysis was performed to identify 
OS- and RFS-related risk factors in all enrolled patients. 
Additionally,  log10-transformed alpha-fetoprotein (AFP) and 
 log10-transformed carbohydrate antigen 199 (CA19–9) were 
calculated to reduce the expected skewness.

PSM analysis was used to control confounding bias [18]. 
Various covariates like age, sex, BMI, HBV status, preopera-
tive antiviral treatment, preoperative liver functions, tumor 
markers  (log10AFP, carcinoembryonic antigen (CEA), and 
 log10CA19–9), resection type, cirrhosis stage, tumor char-
acteristics (tumor size, number, capsulation, microvascular 
invasion status, tumor T stage, ES grade, and lymph node 
metastatic status) along with any received adjuvant treatment 

were used for achieving the propensity score. A 1:2 near-
est neighbor match paradigm was used for ensuring a close 
match. The covariate balance was assessed using the stand-
ardized difference between the two groups after PSM analy-
sis [19]. Furthermore, prognostic factors for OS and RFS 
were compared by the Cox proportional hazards regression 
model in the matched population. The multivariate Cox haz-
ards regression model and inverse probability of treatment 
weighting (IPTW) of the propensity score model were used 
as the sensitivity analysis in the unmatched cohort. The haz-
ard ratios (HRs) and corresponding 95% confidence inter-
vals (CIs) were calculated for LLR vs. OLR in cHCC-CC 
patients.

The PSM analysis was performed by the R package of 
MatchIt [20], and IPTW was used by the R package of ipw 
[21], followed by the calculation of all statistical computa-
tions by using R (version 3.5.2). A two-tailed p value < 0.05 
was considered statistically significant.

Results

Patient characteristics

A total of 229 patients who underwent hepatic resection for 
cHCC-CC were enrolled, out of which, 34 and 195 patients 
underwent LLR and OLR, respectively. The flowchart for 
study enrollment is shown in Fig. 1. The demographic and 
clinical characteristics of both groups before the PSM analy-
sis are presented in Supplementary Table S1. Some base-
line differences between the two groups were identified that 
included the serum level of gamma-glutamyl transpeptidase 
(GGT) (p value = 0.034) and tumor size (p value < 0.001). 
No differences were found in other parameters between the 
two groups.

After a 1:2 PSM analysis, 34 and 68 patients who 
underwent LLR and OLR were enrolled and compared, 
respectively. The standardized differences for all matched 
covariates were less than 0.15. Differences in the patient 
characteristics between the two groups were alleviated and 
comparable after PSM analysis (Table 1).

Perioperative outcomes after PSM

After PSM analysis, the mean operative time was 260.59 
and 197.36 min in the LLR and OLR group (p value = 0.002, 
Table 2), respectively. The Pringle maneuver was used for 
12 patients (35.3%) in the LLR group vs. 46 patients (67.6%) 
in the OLR group (p value < 0.003). The mean clamping 
time was 24.78 min in the LLR group vs. 18.31 min in the 
OLR group (p value = 0.020; Table 2). The blood loss was 
124.38 mL and 154.12 mL in the LLR and the OLR groups 
(p value = 0.251), respectively. No significant difference was 
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Table 1  Characteristics of patients underwent LLR and OLR for combined hepatocellular-cholangiocarcinoma after propensity score matching

LLR laparoscopic liver resection, OLR open liver resection, BMI body mass index, HBV/HCV hepatitis B/C virus, PT prothrombin time, ALB 
albumin, TB total bilirubin, ALT alanine aminotransferase, GGT  glutamyl transpeptidase, AFP alpha-fetoprotein, CEA carcinoembryonic antigen, 
CA19-9 carbohydrate antigen 19–9, SD standard deviation, IQR interquartile range, TACE transhepatic arterial chemotherapy and embolization
*Fisher’s exact test and ‡Mann–Whitney U test

Characteristics Patients, number (%) p values Standard-
ized differ-
enceLLR (n = 34) OLR (n = 68)

Age, mean (± SD), years 52.79 (± 12.42) 53.37 (± 10.33) 0.806 0.050
Sex (Female/Male) 10/24 17/51 0.812 0.099
BMI, mean (± SD), kg/m2 23.31 (± 3.33) 23.45 (± 3.53) 0.848 0.041
Comorbid diseases
 Hypertension, % 4 (11.8%) 9 (13.2%) 1.000 0.044
 Diabetes mellitus, % 4 (11.8%) 5 (7.4%) 0.477* 0.150
 Heart disease, % 1 (2.9%) 1 (1.5%) 1.000* 0.100
 HBV infection, % 29 (85.3%) 56 (82.4%) 0.925 0.080
 HCV infection, % 0 (0.0%) 0 (0.0%) 1.000*  < 0.001
 Preoperative antiviral treatment, % 17 (50.0%) 29 (42.6%) 0.622 0.148

Preoperative blood tests
 TB, mean (± SD), μmol/L 12.22 (± 4.56) 12.65 (± 5.41) 0.691 0.086
 ALB, mean (± SD), g/L 43.51 (± 4.71) 42.93 (± 4.02) 0.523 0.131
 PT, mean (± SD), s 11.71 (± 0.68) 11.61 (± 0.75) 0.509 0.142
 ALT, mean (± SD), U/L 31.35 (± 28.10) 31.85 (± 17.71) 0.914 0.021
 GGT, mean (± SD), U/L 46.17 (± 40.82) 51.46 (± 35.46) 0.501 0.138
 AFP, median [IQR], ng/mL 19.65 [5.17, 133.82] 33.10 [4.65, 130.90] 0.723‡ NA
  Log10(AFP), mean (± SD), ng/mL 1.47 (± 1.04) 1.54 (± 0.96) 0.729 0.072
 CEA, mean (± SD), ng/mL 2.20 [1.65, 2.92] 2.58 (± 1.45) 0.819 0.048
 CA19-9, median [IQR], U/mL 18.80 [10.10, 28.30] 15.80 [10.88, 24.60] 0.668‡ NA
  Log10(CA19-9), mean (± SD), U/mL 1.18 (± 0.50) 1.18 (± 0.34) 0.954 0.011

Resection type
 Anatomic liver resection, % 10 (29.4%) 16 (23.5%) 0.688 0.134
 Single segment resection 1 (1/10, 10%) 2 (2/16, 12.5%)
 Left lateral segment resection 6 (6/10, 60%) 6 (6/16, 37.5%)
 Right anterior/posterior segment resection 2 (2/10, 20%) 4 (4/16, 25%)
 Hemihepatectomy 1 (1/10, 10%) 4 (4/16, 25%)
 Major resection, % 1 (2.9%) 4 (5.9%) 0.662* 0.144
 Lymph node dissection, % 0 (0.0%) 2 (2.9%) 0.551 NA
 Cirrhosis, % 20 (58.8%) 40 (58.8%) 1.000  < 0.001

Tumoral characteristics
 Tumor size, mean (± SD), cm 2.74 (± 1.43) 2.94 (± 1.42) 0.487 0.147
 Tumor number (solitary, %) 27 (79.4%) 53 (77.9%) 1.000 0.036
 Capsule, % 13 (38.2%) 23 (33.8%) 0.826 0.092
 AJCC-T stage (T1/T2-T3) 21/13 41/27 1.000 0.030
 Lymph node metastasis in pathology, % 0/34 (0.0%) 0/68 (0.0%) 1.000*  < 0.001
 Microvascular invasion, % 10 (29.4%) 22 (32.4%) 0.940 0.064
 Edmondson–Steiner grade (I-II/III-IV) 16/18 34/34 0.944 0.059

Postoperative adjuvant therapy, % 8 (23.5%) 20 (29.4%) 0.695 0.134
 TACE 8 (8/8, 100%) 17 (17/20, 85.0%)
 Chemotherapy 0 (0/8, 0.0%) 1 (1/20, 5.0%)
 TACE plus chemotherapy 0 (0/8, 0.0%) 1 (1/20, 5.0%)
 Radiotherapy 0 (0/8, 0.0%) 1(1/20, 5.0%)
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observed between the two groups in the blood transfusion 
rate (p value = 1.000). In the LLR group, 2 of 34 laparo-
scopic procedures (5.9%) were converted because of adhe-
sions caused by previous upper abdomen operations.

No significant difference was observed in the incidence of 
postoperative complications between the matched groups (p 
value = 0.409). However, the mean length of postoperative 
hospital stay was significantly shorter in the LLR group than 
in the OLR group (6.61 days vs. 8.26 days, p value < 0.001, 
Table 2).

There were no differences in the rate of negative surgical 
margin (p value = 1.000), and the resection margin’s average 
values between the two matched groups were comparable 
(LLR vs. OLR, 0.88 vs. 0.86 cm, p value = 0.931, Table 3).

Postoperative trends of serum indicators 
in the matched patients

No differences were observed in the baseline serum mark-
ers between the LLR and OLR groups (Table 4). Several 
serum markers, including the white blood cell (WBC) 

count, neutrophil and lymphocyte percentage, neutrophil 
as well as monocyte count, ALT, AST, NLR, and MLR, 
displayed slight differences in favor of the LLR groups 
on the first and third postoperative days (Table 4). These 
results further supported our findings that LLR could pro-
vide a better inflammatory response attenuation and liver 
function damage when compared to OLR.

In addition, we compared the impact of Pringle maneu-
ver on postoperative serum markers. Our results showed 
that ALT and AST displayed slight differences in favor 
of the no clamping group after surgery (Supplementary 
Table S2). However, these factors have a negligible effect 
on short-term prognosis. We further explore the impact 
of intermittent clamping duration (≤ 15 or > 15 min) on 
postoperative serum markers. No significant differences 
except SII and PLR were observed between the groups 
with clamping ≤ 15 and > 15 min after surgery (Supple-
mentary Table S3). These findings suggested that the 
usage or duration of Pringle maneuver has negligible effect 
on postoperative serum markers.

Table 2  Operative outcomes 
of patients underwent 
LLR and OLR for 
combined hepatocellular-
cholangiocarcinoma after 
propensity score matching

LLR laparoscopic liver resection, OLR open liver resection, SD standard deviation
*Fisher’s exact test

Characteristic LLR (n = 34) OLR (n = 68) p values

Operative time, mean (± SD), minutes 260.59 (± 124.10) 197.36 (± 65.18) 0.002
Estimated blood loss, mean (± SD), ml 124.38 (± 94.63) 154.12 (± 130.16) 0.251
Pringle maneuver, n (%) 12 (35.3%) 46 (67.6%) 0.003
Clamping time, mean (± SD), minutes 24.78 (± 11.73) 18.31 (± 8.81) 0.020
Blood transfusion, n (%) 1 (2.9%) 1 (1.5%) 1.000*
Complications (Clavien-Dindo) 4 (11.8%) 14 (20.6%) 0.409
 I-II 3 13

III-IV 1 1
Postoperative hospital stays, mean (± SD), days 6.61 (± 2.40) 8.26 (± 2.20)  < 0.001

Table 3  Oncological 
characteristics of patients 
underwent LLR and OLR 
for combined hepatocellular-
cholangiocarcinoma after 
propensity score matching

LLR laparoscopic liver resection, OLR open liver resection, SD standard deviation
*Fisher’s exact test

Characteristic LLR (n = 34) OLR (n = 68) p values

Negative tumor margin, n (%) 34 (100.0%) 68 (100.0%) 1.000*
Surgical margin, mean (± SD), cm 0.88 (± 0.91) 0.86 (± 0.88) 0.931
Primary recurrence site, n (%) 15 35 1.000*
 Intrahepatic 13/15 31/35
  Recurrence near the resection margin 0/13 (0.0%) 1/31 (3.2%)
  Recurrence at a distant site 13/13 (100.0%) 30/31 (96.8%)

 Extrahepatic 2/15 4/35
  Lymph node 1/2 1/4
  Adrenal gland 1/2 0/4
  Lung 0/2 2/4
  Lumbar vertebra 0/2 1/4
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Follow‑up and survival

The PSM population revealed a median follow-up period 
of 34.38 months for all 102 patients, depicting 32.98 and 
35.25 months for the LLR and OLR group, respectively. 
The recurrence after resection was observed in 15 patients 
(15/34, 44.1%) in the LLR and 35 patients (35/68, 51.5%) in 
the OLR group. The initial recurrent sites in the LLR group 
were found in the liver (13/15, 86.7%), lymph node (1/15, 
6.7%), and adrenal gland (1/15, 6.7%). In contrast, the OLR 
group observed the initial recurrence sites as liver (31/35, 
88.6%), lung (2/35, 5.7%), lymph node (1/35, 2.9%), and 
lumbar vertebra (1/35, 2.9%) (Table 3).

There was no significant difference between the two 
groups in OS after PSM analysis (p value = 0.700, Fig. 2A). 
The one-, two-, and three-year OS rates were 0.985, 0.926, 
and 0.867 in the OLR along with 1.000, 0.939, and 0.899 in 
the LLR group, respectively. Additionally, no significant dif-
ference was found between the two groups after PSM analy-
sis was conducted in the Cox proportional hazards regres-
sion model (HR 1.299 95% CI 0.149–1.945, p value = 0.345, 
Table 5). Similar results were also obtained by sensitivity 

analysis in the unmatched population (multivariate analysis: 
HR 0.538 95% CI 0.149–1.945, p value = 0.345; IPTW: HR 
0.892 95% CI 0.285–2.794, p value = 0.845) (Table 5).

No significant difference was observed between the LLR 
and the OLR group in RFS after PSM (p value = 0.780) 
(Fig. 2B). The one-, two-, and three-year RFS rates were 
0.676, 0.617, and 0.544 in the OLR, and 0.879, 0.657, and 
0.554 in the LLR group, respectively. Moreover, the Cox 
proportional hazards regression model utilization after PSM 
analysis did not show any statistical significance (HR 1.090 
95% CI 0.589–2.015, p value = 0.785, Table 5). Consist-
ent results were observed by the sensitivity analysis in the 
unmatched population (multivariate analysis: HR 0.765 95% 
CI 0.412–1.420, p value = 0.379; IPTW: HR 0.636 95% CI 
0.326–1.239, p value = 0.183; Table 5).

Identification of OS‑ and RFS‑related risk factors

Univariate analysis was performed to identify OS- and RFS-
related risk factors. Consequently, the presence of HBV (p 
value = 0.024), evaluated level of CA199 (p value = 0.015), 
major resection (p value = 0.032), large tumor size (p 

Table 4  Change levels of serum indicators on the preoperative day, postoperative day one and day three

RBC red blood cell, WBC white blood cell, HGB hemoglobin, NE% neutrophil percentage, NY% lymphocyte percentage, MNC% monocyte 
percentage, TB total bilirubin, DB direct bilirubin, ALB albumin, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline 
phosphatase, GGT  gamma-glutamyl transferase, SII systemic immune-inflammation, PLR platelets-to-lymphocyte ratio, NLR neutrophil-to-lym-
phocyte ratio, LMR lymphocyte-to-monocyte ratio
Values are presented as mean ± standard deviation or median [interquartile range] appropriately
‡ Mann–Whitney U test

Characteristic Before surgery Postoperative day one Postoperative day three

LLR (n = 34) OLR (n = 68) p LLR (n = 34) OLR (n = 68) p LLR (n = 34) OLR (n = 68) p

RBC, ×  1012/L 4.69(± 0.49) 4.62(± 0.45) 0.491 4.09(± 0.48) 4.19(± 0.45) 0.318 4.06(± 0.49) 3.99(± 0.51) 0.526
WBC, ×  109/L 5.23(± 1.40) 5.07(± 1.48) 0.617 10.6(± 2.95) 12.46(± 3.59) 0.010 8.61(± 2.54) 10.26(± 3.68) 0.021
Platelet, ×  109/L 171.56(± 65.35) 151.59(± 59.76) 0.126 142.56(± 56.78) 133.6(± 54.00) 0.440 131.03(± 56.66) 112.93(± 48.51) 0.096
NE% 55.38(± 8.79) 56.16(± 8.70) 0.673 82.71(± 5.14) 84.78(± 3.86) 0.026 75.75(± 6.01) 79.14(± 4.91) 0.003
LY% 33.65(± 8.33) 33.17(± 7.74) 0.774 9.69(± 4.62) 7.63(± 2.94) 0.008 14.08(± 5.35) 11.16(± 3.87) 0.002
MNC% 7.59(± 1.84) 7.95(± 2.01) 0.375 7.42(± 1.72) 7.48(± 1.76) 0.880 9.07(± 2.21) 9.07(± 2.19) 0.997
NE, ×  109/L 2.88(± 0.87) 2.86(± 1.04) 0.926 8.79(± 2.59) 10.58(± 3.16) 0.005 6.53(± 1.98) 8.19(± 3.18) 0.006
LY, ×  109/L 1.78(± 0.68) 1.67(± 0.59) 0.401 1.03(± 0.52) 0.94(± 0.43) 0.360 1.21(± 0.6) 1.10(± 0.44) 0.320
MNC, ×  109/L 0.39(± 0.13) 0.40(± 0.14) 0.814 0.77(± 0.24) 0.93(± 0.32) 0.013 0.79(± 0.35) 0.92(± 0.36) 0.083
TB, μmol/L 12.22 (± 4.56) 12.65 (± 5.41) 0.691 22.86(± 9.76) 26.03(± 10.52) 0.146 31.42(± 23.81) 33.54(± 15.09) 0.585
DB, μmol/L 4.68(± 2.16) 4.71(± 2.29) 0.943 8.07(± 3.37) 9.92(± 4.42) 0.035 11.93(± 7.72) 15.14(± 6.17) 0.025
ALB, g/L 43.51(± 4.71) 42.93(± 4.02) 0.523 39.32(± 4.36) 39.31(± 4.14) 0.991 42.09(± 4.28) 39.90(± 4.37) 0.018
ALT, U/L 31.35(± 28.10) 31.85(± 17.71) 0.914 153.00[114.75–

248.25]
245.00[168.50–

436.00]
0.012‡ 111.50[80.25–

205.50]
206.50[129.00–

324.75]
0.009‡

AST, U/L 27.00(± 12.28) 28.57(± 17.28) 0.636 153.00[106.25–
269.00]

278.00[165.00–
469.50]

0.006‡ 48.50[36.50–
97.25]

93.00[61.75–
128.00]

0.002‡

ALP, U/L 81.76(± 24.72) 75.71(± 22.36) 0.216 63.00(± 13.93) 60.72(± 19.71) 0.548 61.76(± 13.31) 75.56(± 28.05) 0.008
GGT, U/L 46.17 (± 40.82) 51.46 (± 35.46) 0.501 35.41(± 27.79) 40(± 23.86) 0.390 35.79(± 22.79) 38.88(± 21.37) 0.502
SII 305.79(± 162.25) 284.85(± 175.61) 0.562 1410.79(± 894.29) 1669.16(± 921.88) 0.182 807.18(± 484.07) 897.54(± 519.32) 0.399
PLR 106.13(± 54.09) 98.30(± 45.97) 0.447 162.91(± 92.30) 160.77(± 77.05) 0.902 121.90(± 57.94) 110.86(± 53.04) 0.339
NLR 1.80(± 0.68) 1.88(± 0.87) 0.624 10.28(± 4.37) 12.88(± 5.58) 0.019 6.40(± 3.08) 8.00(± 3.09) 0.016
LMR 4.76(± 1.87) 4.41(± 1.44) 0.293 1.38(± 0.67) 1.06(± 0.41) 0.004 1.67(± 0.88) 1.30(± 0.55) 0.011
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value < 0.001), multiple tumor numbers (p value = 0.013), 
absence of capsule (p value = 0.046), high T stage (p 
value = 0.002), or presence of MVI (p value < 0.001) were 
associated with high risk of death (Supplementary Table S4), 
while large tumor size (p value < 0.001), multiple tumor 
numbers (p value < 0.001), high T stage (p value < 0.001), 
presence of MVI (p value < 0.001), or absence of postopera-
tive adjuvant therapy (p value = 0.007) were related to high 
risk of recurrence (Supplementary Table S4).

Discussion

cHCC-CC is a rare type of liver cancer originating from 
the cells having histological characteristics of both HCC 
and ICC. On the one hand, cHCC-CC has the character-
istics of HCC, which usually occurs in conjunction with 
chronic hepatitis and liver cirrhosis [2, 22], but on the other 
hand, cHCC-CC also behaves like ICC, prevalent in some 

conditions such as lymph node metastasis. Radiologically, 
cHCC-CCs can mimic both HCC and CC imaging features 
due to the coexistence of both the components within the 
same tumor [2], making preoperative diagnosis more dif-
ficult. Recently, several studies have provided a few novel 
approaches for preoperative cHCC-CC diagnosis through 
clinical parameters or radiomic models, achieving the AUC 
of more than 0.70 [23, 24].

As the application of LLR for liver tumors is increas-
ing rapidly, accumulating studies have reported the efficacy 
of LLR in HCC, ICC, metastatic liver tumors, etc. [9, 13]. 
However, the efficacy of LLR in cHCC-CC patients has been 
rarely reported, considering the rare nature of this entity. In 
this study, the investigation regarding the efficacy of LLR 
in cHCC-CC patients revealed that the LLR provides faster 
recovery and similar oncological outcomes than OLR. To 
the best of our knowledge, this is the first study that has com-
pared the perioperative and oncological outcomes between 
the LLR and OLR groups for cHCC-CC patients.

Fig. 2  Oncologic outcomes of patients with cHCC-CC after propen-
sity score matching. A Overall survival of patients with cHCC-CC 
who underwent LLR (n = 34) or OLR (n = 68) after propensity score 

matching. B Recurrence-free survival of patients with cHCC-CC 
who underwent LLR (n = 34) or OLR (n = 68) after propensity score 
matching. LLR laparoscopic liver resection, OLR open liver resection

Table 5  Comparison of 
oncologic outcomes by adjusted 
analysis

Both multivariable Cox regression# and IPTW* analysis models were adjusted by all covariates used in 
the PSM analysis
RFS recurrence-free survival, OS overall survival, HR hazard ratio, CI confidence interval, PSM propensity 
score matching, IPTW inverse probability of treatment weighting

Oncological out-
comes

Model HR (95% CI) p values

RFS PSM analysis 1.090 (0.589–2.015) 0.785
RFS Multivariable Cox regression# 0.765 (0.412–1.420) 0.397
RFS IPTW analysis* 0.636 (0.326–1.239) 0.183
OS PSM analysis 1.299 (0.345–4.895) 0.699
OS Multivariable Cox regression# 0.538 (0.149–1.945) 0.345
OS IPTW analysis* 0.892 (0.285–2.794) 0.845
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Previous studies reported that LLR provided shorter 
hospital stays and a comparable mortality rate when com-
pared to OLR in the HCC patients [10, 12]. These findings 
were also confirmed by our results that observed a shorter 
hospital stay and parallel mortality rate in the cHCC-CC 
patients who underwent LLR. In addition to that, our find-
ings revealed that postoperative serum inflammatory mark-
ers (WBC count, neutrophil count, monocyte count, and 
PLR) were significantly lower in the LLR group than OLR 
group, suggesting that LLR provided a better inflammatory 
response attenuation when compared with the open surgical 
procedure. Furthermore, our study results exhibited a faster 
postoperative liver function recovery in the LLR group when 
compared to the OLR group that contributed to the fact that 
less surgical trauma contributed to a decreased inflammatory 
reaction, minor liver function damage, and a faster recov-
ery. In addition, univariate analysis demonstrated death- and 
recurrence-related clinicopathological risk parameters, and 
closer follow-up plans and appropriate anti-tumoral treat-
ments can be conducted for the high-risk patients.

It is an important consideration that complete tumor 
clearance with a negative surgical margin provides a greater 
prognostic benefit for patients undergoing liver cancer sur-
geries. Some surgeons worried that laparoscopic resection 
could increase the chances of positive margins due to the 
presence of narrow resection margins, thereby resulting in 
early tumor recurrence [25]. However, with the applica-
tion of preoperative 3D reconstruction and intraoperative 
ultrasound (IOUS) that provides valuable diagnostic inputs, 
complete tumor clearance with a tumor-free margin can be 
achieved by laparoscopy. Additionally, the usage of intraop-
erative indocyanine green fluorescence imaging (ICG) could 
identify tumor localization or segmental boundaries; thus, 
contributing to precise liver resection [26]. In the current 
study, the rates of negative surgical margin and the values 
of minimum resection margin were comparable between the 
two groups, which was consistent with the previous studies 
[10, 27]. Notably, the OS and RFS rates were comparable 
between the two groups after the PSM analysis, and similar 
results were also identified by the sensitivity analysis. There-
fore, our study data not only confirmed the previous known 
advantages and the comparable long-term outcomes of LLR 
but also provided further evidence in terms of the efficacy of 
LLR in treating cHCC-CC patients.

Because of its low incidence, the recurrence pattern of 
cHCC-CC is still controversial. Yamashita et al. reported 
that half of patients had an early recurrence, which 
included a high rate of extrahepatic recurrence (58%) 
[28]. Recent literary insights demonstrated that the liver 
(57.9%) was the most common site of recurrence, while 
the lymph node (15.8%) was the second-most common 
recurrence site in cHCC-CC [29]. In the present study, 
49.0% (50/102) patients suffered from tumor recurrence; 

the proportion of intrahepatic recurrence (88.0%, 44/50) 
was higher than the extrahepatic recurrence (12.0%, 6/50), 
thereby suggesting that postoperative adjuvant therapies 
should remain focused on combating the occurrence of 
intrahepatic recurrences as well as metastases. Repeat liver 
resection, TACE, radiofrequency ablation (RFA), chemo-
therapy, immunotherapy, etc., were performed among the 
50 recurrent or metastatic patients. Active comprehensive 
therapies explain this phenomenon that OS is good but 
RFS is unsatisfied in this study.

Although lymph node metastasis was considered as an 
independent prognosis predictor of cHCC-CC patients [22, 
30], the prognostic benefit of lymph node dissection (LND) 
is still controversial [2]. Owing to this fact LND was not 
considered as a conventional therapeutic option in resect-
able patients with HCC [31], and regional LND was recom-
mended as a standard surgical therapeutic intervention in 
ICC patients [32]. However, it was observed that routine 
LND procedure does not seem to impact the OS of patients 
with ICC [33, 34]. The extended LND is not generally rec-
ommended because it does not provide a survival benefit in 
ICC patients, instead causes more postoperative complica-
tions, such as lymphatic leakage [35, 36]. In our institute, 
LND was carried out in patients with enlarged regional 
lymph nodes duly assessed by the preoperative imaging 
examinations (CT, MRI, and/or PET-CT, etc.). Due to the 
presence of overlapping radiological features of HCC and 
CC, it is very difficult to make a preoperative radiological 
diagnosis; hence in clinical practice, the potential thera-
peutic options for cHCC-CC patients are usually based on 
preoperative imaging findings or tumor markers, in accord-
ance with the HCC or ICC treatment options. In our study, 
none of the patients (0/34) received LND in the LLR group, 
while two patients (2/68) received LND in the matched OLR 
group. Due to the lower incidence of LND, it is extremely 
difficult to compare the role of LND between the two groups. 
The role of LND and its oncologic efficacy in cHCC-CC 
patients should be investigated in further studies.

There are several limitations to this study. Firstly, the pre-
sent study was a retrospective and non-randomized study 
involving a single center, although PSM analysis was uti-
lized to eliminate most of the confounding bias, residual 
confounding bias (such as selection bias) still might have 
existed. The mean tumor size in the OLR group was larger 
than that in the LLR group before PSM analysis, and it was 
corrected in the matched population. Therefore, the paral-
leled outcomes might be limited to small tumors currently. 
More than half of patients undergoing anatomic liver resec-
tion were performed left lateral segment resection, indi-
cating the LLR is suitable for those with small tumors in 
favorable locations. Further multicenter randomized studies 
with larger sample sizes and longer follow-up periods, as 
well as prospective clinical trials, should be conducted to 
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identify precise oncologic outcomes between the LLR and 
OLR groups for all cHCC-CC patients.

In conclusion, as compared to OLR, LLR showed early 
recovery and comparable oncologic outcomes for the 
patients with cHCC-CC. Therefore, LLR can be considered 
an effective alternative for selected cHCC-CC patients, espe-
cially for those with small tumors in favorable locations.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00464- 022- 09579-y.
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