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Abstract

Aim: To evaluate the perioperative outcomes and postoperative survival of applying staging laparoscopy (SL) in
intrahepatic cholangiocarcinoma (ICC) patients undergoing surgical resection.

Methods: A retrospective analysis was performed on all selected ICC patients who underwent curative-intent
resection with/without applying staging laparoscopy from January 2010 to August December 2021. Perioperative
outcomes and postoperative survival were analyzed. Propensity score matching (PSM) and inverse probability of
treatment weighting (IPTW) were performed to reduce the bias due to confounding variables in the SL group and
the non-SL group. Multivariate Cox analysis was used to ascertain the independent predictor of survival for ICC
patients.

Results: A total of 279 patients (24.1%) were included in the SL group, while 881 patients (75.9%) were included
in the non-SL group. Compared with the non-SL group, the SL group had lower blood loss, smaller tumor size,
higher RO resection rate, and shorter hospital stay, but a higher incidence of postoperative complications. The OS
of the SL group was better than that of the non-SL group (Median OS: 31 months vs. 20 months). The 1-, 3-, and 5-
year overall survival rates of the SL group were 77.9%, 45.1%, and 32.9%, respectively, while the non-SL group had
rates of 63.9%, 31.3%, and 18.4%. SL was confirmed as an independent predictor of survival by multivariate Cox
analysis.

Conclusion: ICC patients receiving SL had better perioperative outcomes and significantly prolonged overall
survival after resection surgery. The subgroup analysis results support the use of routine SL.

Keywords: Staging laparoscopy, intrahepatic cholangiocarcinoma, resection surgery, postoperative outcomes.

INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is a primary liver cancer that originates from the epithelial cells of
the bile ducts within the liver. Over the past two decades, the incidence and mortality rates of ICC have
shown a significant upward trend globally"!. Generally, ICC is more common in Asian countries than in
Western countries, with the incidence rate in China increasing by an average of 11% annually*”. ICC
accounts for approximately 10% to 15% of primary liver cancers'". Among malignant liver tumors, ICC
ranks second in prevalence, second only to hepatocellular carcinoma*. ICC is insidious in onset, with early
clinical symptoms that are often indistinct and a lack of effective screening methods. Consequently, the
disease progresses rapidly, leading to a majority of patients being diagnosed at an advanced stage, by which
time local invasion or distant metastasis has already occurred”’. According to data from the National Center
for Health Statistics Database, the overall 5-year survival rate of all ICC patients is only about 9%, Surgical
resection is the only treatment method that may potentially cure ICC. However, due to patients frequently
missing the optimal surgical treatment window and the limitation of surgical quality, only 15% of patients
diagnosed with ICC between 1983 and 2010 underwent resection with a 5-year survival rate of
approximately 30%-40% after surgery, and the postoperative recurrence rate reached as high as 60%"".

Updating surgical concepts to improve the quality of surgical treatment can significantly prolong the long-
term survival of ICC patients who have the opportunity to undergo surgical resection. For example, in the
past period, the application of laparoscopic liver resection, the selection of anatomical and non-anatomical
liver resection, the number and scope of lymph node dissection, the scope of liver resection, the application
of portal vein embolization (PVE) and associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS) and other surgical concepts have been updated, significantly reducing surgical
injuries and improving long-term survival for ICC patients undergoing surgical resection®*’. Laparoscopy
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has been widely used in ICC resection surgery and laparoscopic hepatectomy has gradually replaced
traditional open hepatectomy as an important surgical option. Laparoscopic hepatectomy has been proven
to have better surgical outcomes and comparable oncological outcomes and survival outcomes than open

hepatectomy, especially for those with a high risk of very early recurrence"***.

In addition to its application in resection surgery, laparoscopy also plays an important role in the
preoperative staging of tumors, which is also known as staging laparoscopy (SL). SL is a minimally invasive
surgical procedure used to determine the extent of cancer within the abdominal cavity, particularly useful
for staging gastrointestinal and gynecological cancers"”. SL is usually performed several days before open
surgery to assist in making surgical decisions, although the necessity of SL may vary across countries and
different health systems. Computed tomography (CT), abdominal ultrasound (US), magnetic resonance
imaging (MRI), positron emission tomography (PET), and other imaging techniques have achieved great
success in the diagnosis and staging of biliary tract tumors, and have become the most commonly used
preoperative tumor staging methods with advantages such as non-invasive, convenient, and low-cost.
However, according to data from two studies, approximately 46% of ICC cases were unable to accurately
identify small cancerous and metastatic lesions during the preoperative imaging period, resulting in
incorrect tumor staging evaluations"”"*. Due to the lack of detection of tumor metastasis during tumor
staging, these patients underwent failed and unnecessary open resection surgeries. Therefore, applying SL
for accurate tumor staging before surgery can help reduce unnecessary open resection and improve the rate
of curative resection.

Studies addressing the role of staging laparoscopy for ICC are limited and the number of cases is too small;
furthermore, most of these studies are focusing on all hepatobiliary malignancies rather than specifically
targeting ICC types'”'\. These two studies indicate that SL has a significant advantage in detecting occult
metastatic lesions in ICC, reducing meaningless resection surgeries by 25%-36%'""'"".. Accurate preoperative
staging is crucial for the resection surgery of ICC patients, especially for open resection surgery which is
costly and risky. In China, there are still a large number of hospitals using open resection surgery to treat
ICC. Therefore, this study retrospectively analyzed case data from 14 large Hepatobiliary surgery centers in
China from 2010 to 2021 regarding the use of SL in ICC patients, using propensity score matching (PSM)
and inverse probability of treatment weighting (IPTW) statistical processing methods to mitigate bias, with
the aim of evaluating the benefits of SL in ICC patients undergoing surgical resection and further better
guiding the surgical treatment.

METHODS

Patients

Patients with ICC undergoing curative-intent resection between January 2010 and December 2021 at 14
hospitals in China (the First Affiliated Hospital of Xi’an Jiaotong University, Eastern Hepatobiliary Hospital
Affiliated to Naval Medical University, West China Hospital of Sichuan University, Tianjin Medical
University Cancer Hospital, the First Hospital Affiliated to Army Medical University, Hunan Provincial
People’s Hospital, the First Affiliated Hospital of Zhengzhou University, Zhongda Hospital of Southeast
University, Affiliated Hospital of North Sichuan Medical College, Xinhua Hospital Affiliated to Shanghai
Jiaotong University School of Medicine, the Seventh Affiliated Hospital of Sun Yat-sen University, the
Second Norman Bethune Hospital of Jilin University, Shaw Hospital Affiliated to Zhejiang University
School of Medicine, Department of Hepatobiliary and Pancreatic Surgery, and the Affiliated Hospital of
Qingdao University) who satisfied the following inclusion criteria, and who had been successfully followed
were included as retrospective study subjects. The institution review board of each institution approved this
study. Unified Case Report Form (CRF) was distributed to these 14 centers, where standard demographic,
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laboratory, and clinicopathologic data were collected and uniformly assigned. The follow-up deadline was
December 2021.

The inclusion criteria were as follows: (1) Postoperatively pathological diagnosed as ICC; (2) Preoperative
evaluation indicated that the patient could tolerate surgery without serious heart, lung, brain, and kidney
vital organ lesions; (3) Underwent curative intent resection; (4) Without definite distant metastases. The
exclusion criteria included: (1) Patients with a prior or concurrent other malignancy; (2) Preoperatively
imaging evidence of definite distant metastases; (3) Incomplete clinical data and follow-up information; (4)
Underwent neoadjuvant therapy. Based on whether they received staging laparoscopy, ICC patients meeting
the inclusion and exclusion criteria mentioned above were divided into SL and non-SL groups. It is
important to note that, due to the current lack of universal guidelines for the application of SL in ICC
patients, the decision to perform SL was primarily made by physicians based on a comprehensive
assessment, such as the patient’s individual situation and the physician’s proficiency.

Staging laparoscopy was conducted under general anesthesia with the patient in the supine position. A
disposable trocar was inserted below the umbilicus, followed by the insertion of two additional trocars into
the right and left upper quadrants, respectively. Upon entry into the abdominal cavity, 250 mL of warm
saline was injected into the peritoneal cavity. Careful irrigation was essential to prevent the dissemination of
the primary tumor. A minimum of 100 mL of fluid was aspirated from the peritoneal cavity and promptly
sent for centrifugation and cytological examination. A systematic examination of the peritoneal cavity was
then performed in a clockwise direction, starting from the right quadrant. Any suspicious lesions were
biopsied and sent for frozen section pathology to assess the presence of metastases'*..

Data collection

The diagnosis and pathological evaluation were in accordance with the World Health Organization (WHO)
defining criteria (2010). The tumor stage was determined according to the American Joint Council on
Cancer (AJCC) sth edition tumor-node-metastasis classification system. Standard demographic,
perioperative clinicopathological, preoperative symptoms and tumor-related characteristics were collected.
Intraoperative data and postoperative characteristics, including lymph node dissection status, blood loss,
tumor size, surgical margin, pathological differentiation, postoperative complications and hospital stay days,
were collected based on final pathology reports.

Statistical analysis

All statistical analyses were performed with the SPSS 27.0 (SPSS, Chicago, IL, United States) software
package. Nominal data were compared using y* tests or Continuity Correction, continuous parametric data
using #-tests, and non-parametric data using Mann-Whitney tests. The log-rank test was used in univariate
analysis. A P-value of < 0.05 was considered statistically significant. Propensity score matching (PSM) and
inverse probability treatment weighting (IPTW) were used to mitigate bias. The propensity score analysis
was performed with 1:1 exact matching. The weights of IPTW were calculated by generating a logistic
regression model to predict the probability of each patient who underwent curative-intent resection either
receiving or not receiving SL on the basis of 13 defined preoperative variables to standardize the two groups.

RESULTS

A total of 1,472 ICC patients were collected between 2010 and 2021. According to inclusion and exclusion
criteria, a total of 1,160 eligible ICC patients were included in this study, including 243 (including 87 in SL
group) patients from the First Affiliated Hospital of Xi’an Jiaotong University, 127 patients (none in SL
group) from Eastern Hepatobiliary Hospital Affiliated to Naval Medical University, 114 (including 7 SL
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group) patients from West China Hospital of Sichuan University, 147 (including 6 SL group) patients from
Tianjin Medical University Cancer Hospital, 58 (including 4 SL group) patients from the First Hospital
Affiliated to Army Medical University, 108 (including 43 SL group) patients from Hunan Provincial
People’s Hospital, 35 patients from the First Affiliated Hospital of Zhengzhou University, 33 (including 2 SL
group) patients from Zhongda Hospital of Southeast University, 37 (including 11 SL group) patients from
Affiliated Hospital of North Sichuan Medical College, 24 (including 3 SL group) patients from Xinhua
Hospital Affiliated to Shanghai Jiaotong University School of Medicine, 37 (none in SL group) patients from
the Seventh Affiliated Hospital of Sun Yat-sen University, 25 (including 5 SL group) patients from the
Second Norman Bethune Hospital of Jilin University, 134 (including 101 SL group) patients from Shaw
Hospital Affiliated to Zhejiang University School of Medicine, 38 (including 8 SL group) patients from the
Affiliated Hospital of Qingdao University. A total of 279 patients (24.1%) were included in the SL group,
while 881 patients (75.9%) were included in the non-SL group [Figure 1].

An overview of baseline characteristics is provided in Table 1. There was no significant difference between
the non-SL group and the SL group in the vast majority of characteristics, except for albumin [41.0 (36.9,
44.2) g/L vs. 39.9 (36.4, 42.7) g/L, P = 0.006]. Preoperative symptoms are defined as one or more of the
tumor-related discomfort symptoms, such as abdominal pain, bloating, jaundice, weight loss, fever,
recurrent cholangitis, and others. Prior to surgery, one or more imaging techniques including CT, MRI, and
US were used to examine the patient. If imaging evidence indicates the presence of malignant tumors in the
intrahepatic bile ducts, which are consistent with postoperative pathological examination, it is defined as a
clear preoperative imaging diagnosis. If not, it is defined as an unclear preoperative imaging diagnosis.
Postoperative complications include ascites, abdominal infection, bile leakage, liver failure, bleeding, pleural
effusion, lung infection, incision infection, and other related complications.

Perioperative outcomes and postoperative survival

The perioperative outcomes of the SL group and non-SL group were evaluated [Table 2]. There was no
significant difference in lymph node dissection status between the non-SL group and the SL group (P =
0.951), while there were statistical differences in all other main characteristics, including blood loss [300
(200, 600) mL vs. 300 (150, 600) mL, P = 0.046], tumor size [5.00 (3.00, 7.50) cm vs. 4.50 (3.00, 7.00) ¢cm, P =
0.025], surgical margin (92%R0 vs. 98%R0, P < 0.001), pathological differentiation (P < 0.001), postoperative
complications (with complications, 46% vs. 57%, P = 0.002) and hospital stay days [12 (8, 16) days vs. 10 (7,
14) days, P = 0.002]. It is worth noting that the SL group is only inferior to the non-SL group in terms of the
frequency of postoperative complications. Other major Perioperative characteristics indicate that the SL
group has better perioperative outcomes than the non-SL group.

The postoperative survival outcomes of the SL group and non-SL group were evaluated as well [Figure 2].
The median overall survival (OS) of non-SL group ICC patients was 24.0 months (95%CI, 22.9-26.0
months). The 1-, 3-, and 5-year overall survival rates were 70.9%, 37.3%, and 21.8%, respectively. In
comparison, the median OS of SL group ICC patients was 30.0 months (95%CI, 21.4-38.6 months). The 1-,
3-, and 5-year overall survival rates were 77.9%, 47.7%, and 32.8%, respectively.

In order to better evaluate the survival outcomes between the two groups, we further conducted subgroup
analyses on risk factors such as cholelithiasis, preoperative symptoms, and CA199 levels [Figure 3]. The
subgroup analysis results showed that ICC patients without cholelithiasis and preoperative symptoms had
better OS after receiving SL compared to those who did not receive SL. Furthermore, regardless of whether
the level of CA19-9 is high (P = 0.053) or low (P = 0.090), there is no statistically significant difference in OS
between the corresponding SL group and non-SL group patients.
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Table 1. Baseline characteristics; n (%) or median (interquartile range)

Characteristics Non-SL, n = 881 SL,n=279 P-value
Gender 0.659
Male 483 (55%) 149 (53%)
Female 398 (45%) 130 (47%)
Age (years) 60 (51, 66) 61(53, 67) 0.120
Cholelithiasis 0.492
No 744 (84%) 231(83%)
Yes 137 (16%) 48 (17%)
CA199 (U/mL) 82 (23,638) 47 (16, 565) 0.133
ALB (g/L) 41.0 (36.9,44.2) 39.9 (36.4,42.7) 0.006*
Tbil (umol/L) 14 (10, 20) 14 (11, 20) 0.694
ALT (U/D) 26 (17, 45) 24 (17,43) 0.555
HBV/HCV infection 0.473
With 211 (24%) 61(21.9%)
Without 670 (76%) 218 (78.1%)
N stage 0.524
NO 536 (61%) 176 (63%)
N1 245 (28%) 74 (27%)
N2 9 (1.0%) 0 (0%)
Nx 91 (10%) 29 (10%)
Child-Pugh score 0.247
1 774 (88%) 252 (90%)
2 105 (12%) 27 (9.7%)
3 2(0.2%) 0 (0%)
Imaging diagnosis 0.100
No 77 (8.7%) 16 (5.7%)
Yes 804 (91%) 263 (94%)
Preoperative symptoms 0.218
No 316 (36%) 111 (40%)
Yes 565 (64%) 168 (60%)
ECOG score 0.068
0 426 (48%) 111 (40%)
1 393 (45%) 156 (56%)
2 59 (6.7%) 12 (4.3%)
3 2(0.2%) 0 (0%)
4 1(0.1%) 0 (0%)

*P < 0.05. SL: Staging laparoscopy.

Perioperative outcomes and postoperative survival after PSM and IPTW

Considering that the non-SL group and SL group contain a large number of variables, there may be
confounding factors, which may lead to biases in the evaluation results that affect the correctness of the
conclusion. Therefore, we used the methods of propensity score matching (PSM) and inverse probability of
treatment weighting (IPTW) to mitigate bias here, making the evaluation more accurate.

The baseline characteristics and perioperative outcomes after PSM are provided in Table 3. After 1:1
matching, there was no significant difference in all baseline characteristics between the non-SL group and
the SL group. In the perioperative outcomes, there was no significant difference in lymph node dissection
status and pathological differentiation, but other major characteristics showed significant differences
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Table 2. Perioperative characteristics; n (%) or median (interquartile range)
Perioperative characteristics Non-SL, n = 881 SL,n=279 P-value
Tumor size 5.00 (3.00, 7.50) 4.50 (3.00, 7.00) 0.025*
Surgical margin <0.001*
RO 807 (92%) 274 (98%)
R1 74 (8.4%) 5 (1.8%)
Pathological differentiation <0.001*
Low 235 (27%) 123 (44%)
Medium 565 (64%) 130 (47%)
High 81(9.2%) 26 (9.3%)
Lymph node dissection 0.951
No 389 (44%) 123 (44%)
Yes 492 (56%) 156 (56%)
Blood loss 300 (200, 600) 300 (150, 600) 0.046*
Postoperative complications 0.002*
No 476 (54%) 121 (43%)
Yes 405 (46%) 158 (57%)
Hospital stay (day) 12 (8,16) 10 (7,14) 0.002*

*P < 0.05. SL: Staging laparoscopy.

between the non-SL group and the SL group, including blood loss [400 (200, 675) mL vs. 300 (150, 600) mL,
P =0.007], tumor size [5.00 (3.40, 7.50) cm vs. 4.50 (3.00, 7.00) cm, P = 0.013], surgical margin (92%Ro0 vs.
99%Ro0, P < 0.001), postoperative complications (with complications, 46% vs. 57%, P = 0.010), and hospital
stay days [11 (8, 16) days vs. 10 (7, 14) days, P = 0.037].

The postoperative survival outcomes [Figure 4] and subgroup analysis [Figure 5] of the SL group and non-
SL group after PSM were evaluated as well. Consistent with the results before PSM, the OS of the SL group
was better than that of the non-SL group (Median OS: 31 months vs. 20 months). The 1-, 3-, and 5-year
overall survival rates of the SL group were 77.9%, 45.1%, and 32.9%, while the rates of the non-SL group
were 63.9%, 31.3% and 18.4%, respectively. Similarly, consistent with the results before PSM, ICC patients
without cholelithiasis had better OS after receiving SL compared to those who did not receive SL. However,
remarkably, following PSM, the survival outcomes for ICC patients improved after receiving SL, irrespective
of their CA19-9 levels or the presence of preoperative symptoms.

We then used the IPTW method to process the initial data and evaluated the baseline characteristics and
perioperative outcomes of the SL group and the non-SL group [Table 4]. The difference between groups of
baseline characteristics after IPTW was consistent with the PSM, and the evaluation results of perioperative
outcomes were also consistent.

Staging laparoscopy was confirmed as an independent predictor of survival by multivariate Cox
analysis

To further validate the reliability of the aforementioned results, we conducted a multivariate Cox regression
analysis to ascertain whether staging laparoscopy serves as an independent predictor of survival. Consistent
with our expectations, the multivariate Cox analysis confirmed that SL is indeed an independent predictor
of survival. The detailed results of this analysis are presented in Table 5 and Figure 6.
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Table 3. The baseline characteristics and perioperative outcomes after PSM; n (%) or median (interquartile range)
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Characteristic Non-SL, n =274 SL,n=274 P-value
Gender 0.607
Male 151 (55%) 145 (53%)
Female 123 (45%) 129 (47%)
Age (years) 61(53,67) 60 (53, 67) 0.894
Cholelithiasis 0.909
No 228 (83%) 227 (83%)
Yes 46 (17%) 47 (17%)
CA199 (U/mL) 52 (19, 475) 46 (16, 544) >0.999
ALB (g/L) 40.1(36.3,43.9) 39.9 (36.5,42.7) 0.665
Tbil (umol/L) 13.(10,18) 14 (11, 20) 0.137
ALT (U/D) 27 (18, 41) 2517, 44) 0.398
HBV/HCV infection 0.316
With 211 (24%) 61(21.9%)
Without 670 (76%) 218 (78.1%)
N stage 0.433
2 3(1.1%) 0 (0%)
NO 163 (59%) 174 (64%)
N1 83 (30%) 71 (26%)
Nx 25 (9.1%) 29 (11%)
Child-Pugh score 0.876
1 246 (90%) 247 (90%)
2 27 (9.9%) 27 (9.9%)
3 1(0.4%) 0 (0%)
Imaging diagnosis 0.707
No 14 (5.1%) 16 (5.8%)
Yes 260 (95%) 258 (94%)
Preoperative symptoms 0.217
No 96 (35%) 110 (40%)
Yes 178 (65%) 164 (60%)
ECOG score 0.933
0 120 (44%) 109 (40%)
1 123 (45%) 153 (56%)
2 29 (M%) 12 (4.4%)
3 1(0.4%) 0 (0%)
4 1(0.4%) 0 (0%)
Tumor size 5.00 (3.40, 7.50) 4.50 (3.00, 7.00) 0.013*
Surgical margin <0.001*
RO 253 (92%) 270 (99%)
R1 21(7.7%) 4 (1.5%)
Pathological differentiation 0.893
Low M1 (41%) 120 (44%)
Medium 146 (53%) 128 (47%)
High 17 (6.2%) 26 (9.5%)
Lymph node dissection 0.194
No 107 (39%) 122 (45%)
Yes 167 (61%) 152 (55%)
Blood loss (mL) 400 (200, 675) 300 (150, 600) 0.007*
Postoperative complications 0.010*

No

147 (54%)

17 (43%)
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Yes 127 (46%) 157 (57%)
Hospital stay (day) 11(8,16) 10 (7,14) 0.037*

*P < 0.05. SL: Staging laparoscopy; PSM: propensity score matching.

DISCUSSION

Staging laparoscopy was first proposed for preoperative staging of gastric cancer in 1987 and has since been
widely used in the surgical treatment of various types of tumors™. SL displayed a higher accuracy in
detecting peritoneal involvement than computed tomography and positron emission tomography scans and
is now a recommended step for preoperative work in most published guidelines"”. In the past period, a
large number of studies aimed at evaluating the benefits of SL for patients have been published, providing
sufficient evidence for the widespread clinical application of SL* /. Most previous studies have confirmed
the role of SL in detecting imaging occult metastases. However, some researchers argue that SL requires
patients to undergo an additional minimally invasive surgery, which can lead to an increase in operative
time and overall medical costs, and in the long run, SL does not bring significant improvement in

survival®”. In particular, there is currently significant controversy over the role of routine SL*’\,

ICC is a highly malignant tumor that is prone to metastasis in the early stages; thus, the application of SL is
reasonable for ICC patients. However, evidence of its efficacy is currently scarce and inconclusive. There are
currently few studies evaluating the role of SL in ICC patients, mainly a few prospective studies with
insufficient case numbers or studies that include all biliary tumors"”*". A recent literature snapshot paper
on the role of staging laparoscopy for intrahepatic cholangiocarcinoma reviewed all current research articles
about SL in ICC patients"™. After analyzing a total of 5 studies involving 119 patients who accepted SL, the
authors drew a conclusion that the role of SL for patients with a preoperative diagnosis of ICC remains
unclear®™. Therefore, larger studies involving more patients that comprehensively evaluate the benefits of SL
are urgently needed. In the past two decades, many Chinese hospitals have extensively explored the
application of SL in ICC patients. Collecting comprehensive information on these explorations and
evaluating them appropriately can help us better understand the role of SL in the surgical treatment of ICC,
ultimately guiding us to better use SL to improve the benefits of ICC patients. In this study, we
retrospectively collected 279 ICC patients who received SL from 10 large ICC surgical treatment centers in
China from 2010 to 2021. In addition, we also collected 881 ICC patients who did not receive SL as the
control group.

We compared the baseline characteristics between the SL group and the non-SL group to ensure that the
preoperative status of patients between the two groups was similar, in order to facilitate subsequent
evaluation of perioperative outcomes and overall survival outcomes. Due to the retrospective property of
this study, as well as the potential impact between different variables and between variables and final
outcomes, subsequent analysis of the original case data will inevitably lead to bias. Therefore, we further
adopted PSM and IPTW methods to mitigate bias, which had been proven effective in previous studies™ ..
After PSM and TPTW, there was no significant difference in all baseline characteristics between the two
groups. Continuously, further evaluation of perioperative outcomes and overall survival outcomes was
carried out. The evaluation results of the SL group and non-SL group indicated that the SL group has better
perioperative outcomes and postoperative survival outcomes than the non-SL group. Compared with the
non-SL group, the SL group had a higher success rate of Ro resection, smaller tumor size, less blood loss,
and shorter hospital stay. Although we were unable to obtain yield and sensitivity values in this study due to
limitations in retrospective studies, higher Ro resection and smaller tumor size suggest that the use of SL can
still significantly benefit ICC patients. Surprisingly, the incidence of postoperative complications in the SL
group was significantly higher than that in the non-SL group, which contradicted the results of a previous
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Table 4. The baseline characteristics and perioperative outcomes after IPTW; n (%) or median (interquartile range)

Characteristic Non-SL, n = 881 SL,n=279 P-value
Gender 0.627
Male 483 (55%) 149 (53%)
Female 398 (45%) 130 (47%)
Age (years) 60 (51, 66) 61(53,67) 0.235
Cholelithiasis 0.319
No 744 (84%) 231(83%)
Yes 137 (16%) 48 (17%)
CA199 (U/mL) 82 (23,638) 47 (16, 565) 0.435
ALB (g/L) 41.0 (36.9,44.2) 39.9 (36.4,42.7) 0.539
ALT (U/D) 26 (17,45) 24.(17,43) 0.489
HBV/HCV infection 0.533
With 211 (24%) 61(21.9%)
Without 670 (76%) 218 (78.1%)
N stage 0.590
NO 536 (61%) 176 (63%)
N1 245 (28%) 74 (27%)
N2 9 (1.0%) 0 (0%)
Nx 91(10%) 29 (10%)
Child-Pugh score 0.280
1 774 (88%) 252 (90%)
2 105 (12%) 27 (9.7%)
3 2(0.2%) 0 (0%)
Imaging diagnosis 0.217
No 77 (8.7%) 16 (5.7%)
Yes 804 (91%) 263 (94%)
Preoperative symptoms 0.180
No 316 (36%) 111 (40%)
Yes 565 (64%) 168 (60%)
ECOG score 0.526
0 426 (48%) 111 (40%)
1 393 (45%) 156 (56%)
2 59 (6.7%) 12 (4.3%)
3 2(0.2%) 0 (0%)
4 1(0.1%) 0 (0%)
Tumor size (cm) 5.00 (3.00,7.10) 4.50 (3.00, 7.00) <0.001"
Surgical margin <0.001*
RO 817 (93%) 264 (95%)
R1 64 (7.3%) 15 (5.4%)
Pathological differentiation < 0.001*
Low 356 (40%) 2 (0.7%)
Medium 438 (50%) 257 (92%)
High 87 (9.9%) 20 (7.2%)
Lymph node dissection 0.382
No 356 (40%) 156 (56%)
Yes 525 (60%) 123 (44%)
Blood loss (mL) 300 (200, 600) 400 (200, 800) <0.001"
Postoperative complications <0.0071*
No 571(65%) 26 (9.3%)

Yes 310 (35%) 253 (91%)
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Hospital stay (day) 11(8,15) 13(9,17) <0.001*

*P < 0.05. SL: Staging laparoscopy; IPTW: inverse probability of treatment weighting.

study™. We considered that this situation may arise because patients who had undergone SL often
subsequently received laparoscopic liver resection. Due to limited visibility and restricted operating space, as
well as the surgeon’s potential lack of proficiency, the surgical duration is inevitably longer than open
abdominal surgery. Prolonged surgical time can lead to an increased risk of complications such as infections
and bile leakage. In terms of survival outcomes, the SL group had a longer median OS time and higher 1-, 3-
, and 5-survival rates. This survival benefit is obvious. In addition, we further conducted subgroup analysis
in order to achieve better stratification of ICC patients. The results of subgroup analysis show that the
survival outcomes for ICC patients improved after receiving SL, irrespective of their CA19-9 levels or the
presence of preoperative symptoms, and ICC patients without cholelithiasis had better OS after receiving SL
as well. Our subgroup analysis conclusions supported the application of routine SL in ICC patients.

Due to the unique biological characteristics of ICC, the concept of using laparoscopic liver resection to treat
ICC is still in dispute®*!. The debate about the use of laparoscopic liver resection in ICC mainly focuses on
the difficulty of performing high-quality lymph node dissection under laparoscopy, insufficient tumor
margins due to lack of tactile sensation, and tumor dissemination caused by vibration of energy surgical
instruments such as ultrasound knives or pneumoperitoneum®. Due to limitations in concepts and
technical conditions, many hospitals in China are still using traditional open resection surgery to treat ICC.
Furthermore, the application of laparoscopic liver resection in ICC has not yet formed a widely accepted
consensus and is still being explored. Consequently, in this scenario, a reasonable SL plays an irreplaceable
role in reducing unnecessary and failed open resection.

Drawing upon empirical evidence from Western nations, prevailing guidelines for ICC recommend the
routine staging laparoscopy in suspicious unresectable ICC patients or those with predisposing factors for
metastatic dissemination®**". However, there have been no studies evaluating SL outcomes in Chinese
ICC patients reported so far. Our study was expected to provide necessary evidence support for developing
SL recommendations that are more in line with Chinese ICC patients.

Some limitations of this study must be acknowledged. First, the retrospective nature of the studies may
result in the results of our evaluation not fully reflecting the accurate outcomes. Second, due to the use of
ICC medical record data from 14 medical centers in this study, we are unable to verify whether each
hospital has adopted a unified operating procedure and standard when implementing SL, which may affect
the accuracy of some data, such as postoperative complications. Thirdly, in this study, we find that the
proportion of SL implementation varies among different medical centers, indicating that different
physicians may have different preferences for SL. This may lead to selection bias in this study. Finally, we
could not get specific information on yield and sensitivity values, which is due to the retrospective property
of this study as well. More prospective studies with detailed follow-ups are needed in the future.

In conclusion, this article is the first to specifically focus on the safety and feasibility of receiving staging
laparoscopy for Chinese ICC patients. It also represents the largest and most representative study to date on
ICC patients undergoing SL. This multicenter, retrospective study demonstrates that ICC patients who
underwent SL experienced better perioperative outcomes and significantly prolonged overall survival
following resection surgery. Considering the ongoing debate about the necessity of SL for ICC patients, we
hope this study will provide robust evidence-based data to inform future research in this area.
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Table 5. The multivariate Cox analysis of ICC patients in this study

Characteristic Totals HR (95%CI) P-value

Gender 0.713
Male 632 Reference
Female 528 0.971(0.829-1.137)

Age (years) 0.005*
Age < 58 484 Reference
Age 258 676 1.011 (1.003-1.019)

Cholelithiasis 0.583
No 975 Reference
Yes 185 1.060 (0.861-1.305)

CA19-9 level <0.001"
Low 453 Reference
High 707 1.517 (1.266-1.818)

CEA level <0.001*
Low 815 Reference 0.539
High 345 1.543 (1.290-1.864)

HBV/HCV infection 0.808
With 272 Reference
Without 888 1.024 (0.847-1.238)

N stage <0.001*
NO 712 Reference
N1 319 1.557 (1.300-1.846)

N2 9 0.802 (0.352-1.824)
Nx 120 0.796 (0.565-1.120)

Child-Pugh score 0.408
1 1,026 Reference
2 132 0.578 (0.078-4.259)

3 2 1.021(0.744-1.402)

Imaging diagnosis 0.897
No 93 Reference
Yes 1,067 1.021(0.744-1.402)

Preoperative symptoms <0.001*
No 427 Reference
Yes 733 1.552 (1.292-1.864)

ECOG score 0.006*
0 537 Reference
1 549 0.876 (0.736-1.042)

2 71 1.138 (0.826-1.566)
3 2 4.478 (1.049-19.123)
4 1 14.949 (1.936-115.404)

Staging laparoscopy 0.020*
No 881 Reference
Yes 279 0.780 (0.633-0.961)

Surgical margin <0.001*
RO 1,081 Reference
R1 79 1.817 (1.320-2.499)

Pathological differentiation <0.001*
Low 358 Reference
Medium 695 0.395 (0.138-1.133)

High 107 0.531(0.184-1.535)
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Lymph node dissection 0.003*
No 512 Reference
Yes 648 0.772 (0.650-0.917)

Postoperative complications 0.337
No 543 Reference
Yes 563 1.084 (0.919-1.278)

*P < 0.05. SL: Staging laparoscopy; IPTW: inverse probability of treatment weighting; ICC: intrahepatic cholangiocarcinoma; Cl: confidence
interval; HR: hazard ratio.

Registered cases

n=1472
n=312
Exelidled @ Incomplete clinical data
@ Loss to follow-up
(@) Distant metastases
@ Neoadjuvant therapy (1) First Affiliated Hospital of Xi'an Jiactong University, n=243
(2) Eastern Hepatobiliary Hospital Affiliated to Naval Medical University, n=127
(3) West China Hospital of Sichuan University, n=114
. (4) Tianjin Medical University Cancer Hospital, n=147
ICC patients (5) First Hospital Affiliated to Army Medical University, n=58
n=1160 (6) Hunan Provincial People’s Hospital, n=108
(7) First Affiliated Hospital of Zhengzhou University, n=35
(8) Zhongda Hospital of Southeast University, n=33
(9) Affiliated Hospital of North Sichuan Medical College, n=37

(10) Xinhua Hospital Affiliated to Shanghai Jiaotong University School of
Medicine, n=24
(11) Seventh Affiliated Hospital of Sun Yat-sen University, n=37
non-SL group (12) Second Norman Bethune Hospital of Jilin University, n=25
n =881 (75.9%) (13) Shaw Hospital Affiliated to Zhejiang University School of Medicine, n =134

(14) Affiliated Hospital of Qingdao University, n=38

SL group

n=279 (24.1%)

PSM(1:1) 1PTw

SL group non-SL group
(n=274) (n=274)

Figure 1. Flowchart of the patient selection, group assignment processes and statistical processing. ICC: Intrahepatic
cholangiocarcinoma; SL: staging laparoscopy; PSM: propensity score matching; IPTW: inverse probability of treatment weighting.
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Figure 2. The postoperative outcomes of the SL group and non-SL group. (A) Kaplan-Meier survival analysis; (B) The 1-, 3-, and 5-year
overall survival rates of the SL group and non-SL group. SL: Staging laparoscopy.
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Figure 3. Subgroup analysis of Kaplan-Meier survival analysis according to risk factors of the SL group and non-SL group. (A, B)
With/without cholelithiasis; (C, D) With/without preoperative symptoms; (E, F) High/low CA199 levels. SL: Staging laparoscopy.
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Figure 4. The postoperative outcomes of the SL group and the non-SL group after PSM. (A) Kaplan-Meier survival analysis; (B) The 1-,
3-, and 5-year overall survival rates of the SL group and non-SL group. SL: Staging laparoscopy; PSM: propensity score matching.
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Figure 5. Subgroup analysis of Kaplan-Meier survival analysis according to risk factors of the SL group and the non-SL group after PSM.
(A, B) With/without cholelithiasis; (C, D) With/without preoperative symptoms; (E, F) High/low CA199 levels. SL: Staging

laparoscopy; PSM: propensity score matching.
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Figure 6. Multivariate Cox analysis of independent prognostic factors in ICC patients. ICC: Intrahepatic cholangiocarcinoma.
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