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Background. Intrahepatic cholangiocarcinoma (ICC) is the second most common liver malignancy after hepatocellular carcinoma
(HCC), with a dismal prognosis and high heterogeneity. The oncological advantages of anatomical resection (AR) and non-
anatomical resection (NAR) in HCC have been studied, but surgical strategies for ICC remain controversial with insufficient
investigations. Materials and Methods. From Jan 2013 to Dec 2016, 3880 consecutive patients were retrospectively reviewed from
a single center. Patients with ICC undergoing AR or NAR have been enrolled according to inclusion and exclusion criteria.
Propensity score matching (PSM) analysis was performed between two groups with a 1:1 ratio. The primary endpoint was overall
survival (OS), and the secondary endpoints included disease-free survival (DFS), intraoperative patterns, postoperative morbidity,
mortality, complications and recurrence. A prognostic nomogram was developed by a multivariate Cox proportion hazard model.
Results. After PSM, 99 paired cases were selected from 276 patients enrolled in this study. Patients in the AR group achieved better
1-, 3-, and 5-year OS (70%, 46%, and 34%, respectively) and DFS (61%, 21%, and 10%, respectively) than patients in the NAR
group with statistical significance after PSM analysis. The postoperative complications and recurrence patterns were comparable
between the two groups. Multivariate analysis identified NAR, tumor size >5 cm, multiple tumors, and poor differentiation as
independent risk factors for OS (p <0.05). Selected patients can benefit most from AR, according to subgroup analysis. A
prognostic nomogram based on six independent risk factors for OS and factors with clinical significance was constructed to
predict OS in ICC patients. Conclusion. AR improved the long-term survival of ICC with comparable postoperative complications
and similar recurrence patterns. AR is suggested in ICC patients with sufficient remnant liver volume. In addition to surgery
strategy, malignant characteristics of tumors are risk factors for ICC prognosis.

1. Introduction

Cholangiocarcinoma (CCA) is a highly lethal hepatic ma-
lignancy with increasing incidence and mortality worldwide,
with 0.3-6 cases per 100,000 inhabitants per year in Western
and over 6 cases in some East Asian regions [1-3]. This
heterogeneous cancer with aggressive invasiveness can be
classified as intrahepatic CCA (iCCA or ICC), perihilar CCA
(pCCA), or distal CCA (dCCA), according to the anatomic

structure [4-6]. Though advances in neoadjuvant chemo-
therapy and targeting immunotherapy have brought sci-
entific and clinical insights into treatments for ICC, there is
still a lack of decisive evidence for their clinical application
[7, 8].

Surgical resection still remains the only potentially cu-
rative treatment, with low resectability rates varying from
19% to 74% [9]. The surgery strategies and resection range
are controversial for ICC in speaking of prognosis
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improvement. Resection margin and lymph node metastasis
are significant prognostic factors, but it is debated whether
wide resection margins or lymphadenectomy improved
postoperative survival [10, 11]. Aggressive invasiveness
characteristics of ICC present multifocality, lymph node
metastasis, and vascular invasion with dismal outcomes [12].
The optimal therapeutic strategy for ICC has not been de-
termined yet [13]. Appropriate preoperative surgical plan-
ning and  subsequent treatments decided by
multidisciplinary team (MDT) discussion are indispensable
in achieving optimal outcomes for ICC patients [13].

Anatomical resection (AR) was firstly proposed by Jap-
anese surgeon Makuuchi in the 1980s to eradicate potential
micrometastasis [14]. Studies for oncological advantages of
AR in primary liver cancer mainly focus on hepatocellular
carcinoma (HCC), though the results have been long con-
troversial [15, 16]. Compared with intrahepatic metastasis of
HCC via vascular structures, tumor cells of ICC spread along
with the biliary tree and lymph system, which supports the
oncological and prognostic superiority of AR over non-
anatomical resection (NAR) in theory [17]. The complete
excision of tumor-bearing portal tributaries of AR in ICC may
prevent microscopic intrahepatic metastasis by preventing
tumor cells from spreading along the biliary tree or lymph
system and reducing the rates of local recurrence and pro-
longing survival. The efficacy of AR for ICC may also vary
according to clinicopathological factors, including tumor size,
number, location, differentiation, preoperative liver function,
and remnant liver parenchyma.

However, the impact of AR and NAR on short-term and
long-term outcomes in ICC still lacks investigation [18-20].
We conducted this retrospective study to evaluate the op-
erative and postoperative characteristics of AR and NAR
groups. Propensity score matching (PSM) analysis was
applied to minimize the selection bias of the surgery strategy.

2. Materials and Methods

2.1. Patient Enrollment. From Jan 2013 to Dec 2016, 3880
consecutive patients were retrospectively reviewed in the In-
stitute of Hepato-Pancreato-Biliary Surgery, Tongji Hospital,
Tongji Medical College, Huazhong University of Science and
Technology. The inclusion criteria were as follows: (1) patients
with ICC confirmed pathologically; (2) patients with age >18
years; (3) patients initially treated with AR or NAR; (4) patients
with RO resection margin. The exclusion criteria were as fol-
lows: (1) patients with severe underlying diseases; (2) patients
with other malignancies; (3) patients with metastasis prior to
the resection; (4) patients who received previous antitumor
treatments; (5) patients undergoing hepatectomy combined
with transarterial chemoembolization (TACE) or ablation; (6)
patients with microscopically positive (R1) resection or mac-
roscopically positive (R2) resection margin; (7) patients who
died within 30 days after surgery or due to other nontumor
causes; (8) patients with insufficient clinical data.

This study was reviewed and approved by the Medical
Ethics Committee of Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology.
Written informed consent was obtained from the patients.
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2.2. Liver Resection and Follow-Up. Surgery strategy of AR
and NAR was determined based on a general evaluation of
jaundice, serum level of total bilirubin, and remnant liver
volume assessed by CT scanning and three-dimensional re-
construction techniques as well as indocyanine green re-
tention at 15 min (ICGR15). AR was defined as the complete
resection of Couinaud’s segments by prior ischemia or dye
staining of indocyanine green (ICG) fluorescence, including
segmentectomy, lobectomy, or hemihepatectomy. NAR was
defined as incomplete resection of the portal tributaries of the
lesion segment with a surgical margin of at least 1 cm or
without exposing the tumor surface on the parenchymal
transection, including partial resection or enucleation of the
liver tumor [15, 17, 21]. Intraoperative ultrasound was rou-
tinely performed to evaluate tumor location, number, size and
adjacent parenchyma, in addition to preoperative imaging.
Pringle’s maneuver was routinely performed with interval
clamping/unclamping of 10 min/5 min. Portal occlusion and/
or inferior vena cava (IVC) occlusion were applied when
necessary. Routine lymphadenectomy at the level of hepato-
duodenal ligament has been performed according to guide-
lines [22]. All patients in this study have achieved RO
resection.

The first follow-up was carried out 1 month after the
operation, and every 2-3 months within the first year,
then every 6-12 months afterwards. Physical examination
and measurements of liver and kidney function, serum
level of tumor markers (carbohydrate antigen 19-9
(CA19-9), carcinoembryonic antigen (CEA), and alpha-
fetoprotein (AFP)), and imaging examination (abdomi-
nal ultrasound, contrast-enhanced computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and chest
X-ray) were performed during the follow-up. When re-
currence occurred during the follow-up, reoperation,
microwave ablation, transarterial chemoembolization
(TACE), chemotherapy, radiotherapy, targeted therapy,
immunotherapy or palliative care were given according to
clinical guidelines, MDT discussion, and the patients'
wishes [6, 22-25]. The last follow-up date was Jan 2022.

2.3. Study Endpoints. The primary endpoint was overall
survival (OS). The secondary endpoints included disease-
free survival (DFS), intraoperative parameters (operation
time, blood loss, blood transfusion, portal vein/IVC oc-
clusion and laparoscopic/open surgery), postoperative
morbidity, mortality, complications, and recurrence
(intrahepatic, extrahepatic, or both). OS was defined as the
time from the date of surgery to either the date of death or
the last date of follow-up, while DFS was defined as the time
from the date of surgery to either the date of disease re-
currence or the last date of follow-up. Postoperative mor-
bidity and mortality were defined as events that happened
within the first 60 days after surgery. Complications were
graded according to the Clavien-Dindo classification [26].

2.4. Propensity Score Matching Analysis and Nomogram
Prediction. PSM analysis was introduced to reduce the bias
of treatment selection. As previously described, the ICC
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patients in AR and NAR groups were matched by propensity
score [27]. The propensity score for an individual was cal-
culated given the covariates of tumor number, Child-Pugh
classification, lymph node metastasis, and portal vein tumor
thrombosis (PVTT) in pathology using a logistic regression
model. Thereafter, 1:1 nearest neighbor matching with
a calliper of 0.01 and without replacement was applied to
ensure minimized conditional bias [28].

Independent risk factors selected by multivariate analysis
for OS and the demographic characteristics with clinical
significance were incorporated into the nomogram to pre-
dict 1-, 3-, and 5-year survival.

2.5. Statistical Analysis. Categorical variables are presented
as numbers (%) and were compared by the Chi-squared
test. Continuous variables are presented as mean-
+ standard deviation (SD). Normally distributed data were
compared with Student’s ¢-test, and nonnormally distri-
bution was analyzed by the Mann-Whitney U test. The
Kaplan-Meier method was applied to depict the survival
curves before and after PSM, compared using the Log-rank
test. Candidate variables with statistical significance in
univariate analysis were introduced into multivariable Cox
proportional hazards regression analyses to determine the
independent risk factors associated with OS and DFS in the
PSM cohort. In order to evaluate the impact of surgical
strategy (AR or NAR) on OS, the groups were included in
the multivariable Cox regression, regardless of whether the
p value was statistically significant in univariate analysis.
Statistical analysis was performed by IBM SPSS version
22.0 (SPSS Inc., Chicago, IL, USA) and R software version
4.1.2 with the “rms,” “survival,” “survminer,” “ggsci,” and
“forestplot” packages. p <0.05 was considered to be sta-
tistically significant.

3. Results

3.1. Perioperative Characteristics. From Jan 2013 to Dec 2016,
a total of 3880 consecutive patients with malignant liver
diseases from our single HPB center were retrospectively
reviewed and validated. In these cases, patients with hepa-
tocellular carcinoma (n=2903), metastatic liver cancer
(n=265) and other malignancies (n=43) were excluded.
Among the patients with cholangiocarcinoma (n =669), pa-
tients with perihilar CCA (n =189) and distal CCA (n=102)
and patients undergoing TACE (n =48) and microwave ab-
lation (n =54) were excluded. 276 ICC patients with surgical
treatment were initially included in the analytic cohort, with
137 patients in the NAR group and 139 patients in the AR
group. PSM analysis determined 99 pairs of patients for
further survival and risk factor analysis (Figure 1).
Perioperative characteristics are summarized in Table 1.
The preoperative RBC count was lower in the AR group
(p = 0.038). There were more patients in the NAR group with
Child-Pugh class A (91.97% vs. 84.17%), compared with those
in the AR group (p = 0.046). There is no significant difference
among the other baseline characteristics in two groups. The
operation time in the AR group was longer (p = 0.028).

Patients in the AR group had a larger amount of intraoperative
hemorrhage (p = 0.045) and the percentage of transfusion was
higher (p = 0.023). More patients in AR group had singular
lesion (p =0.001), lymph node metastasis (p = 0.006) and
PVTT (p = 0.033). The hospital stay was shorter in NAR group
(p <0.001). There was no statistical significance in the other
operative and postoperative parameters between the two
groups.

PSM analysis selected 99 matched pairs from each group.
There were no significant differences in baseline charac-
teristics in AR and NAR groups after PSM. However, more
patients in the AR group had transfusions (p = 0.009), and
the hospital was longer in the AR group (p = 0.008) as well.
There were no significant differences in the incidence of
complication (p =0.534), types (p =0.882), or Clav-
ien-Dindo grade (p = 0.825) between the two groups in the
PSM cohort (Table 2).

3.2. Survival Analysis. Before PSM analysis, the 1-, 3-, and 5-
year OS in the AR group (68%, 44%, and 28%, respectively)
were comparable to those in the NAR group (64%, 34%, and
22%, respectively), though the Kaplan-Meier curves were
suggestive but not significant (Figure 2(a)). There was no
significant difference of 1-, 3-, and 5-year DFS between AR
group (58%, 19%, and 7%, respectively) and NAR group
(50%, 13%, and 3%, respectively) (Figure 2(c)). Patients
showed better 1-, 3-, and 5-year OS in AR group (70%, 46%,
and 34%, respectively) than NAR group (60%, 28%, and
16%, respectively) (p =0.022) (Figure 2(b)) after PSM
analysis. In the PSM cohort, the 1-, 3-, and 5-year DFS in the
AR group (61%, 21%, and 10%, respectively) were signifi-
cantly better than those in the NAR group (49%, 12%, and
4%, respectively) (p = 0.029) (Figure 2(d)).

During the follow-up, 6 (6.06%) patients in the AR group
and 1 (1.01%) patient in the NAR group did not report
disease recurrence (Table 3). Recurrence pattern analysis
showed there were no statistical differences in intrahepatic
recurrence, extrahepatic recurrence, and both intra-/extra-
hepatic recurrence. Patients in the AR group tended to have
an intrahepatic recurrence in distant segments (39.39% vs.
31.31%) and less possibility of recurrence in resection
margin (2.02% vs. 5.05%) or adjacent segments (26.26% vs.
32.32%), though the difference was not statistically signifi-
cant (p = 0.245).

Subgroup analysis of OS and DEFS after PSM analysis
showed that the surgical strategy of AR in selected patients
had an associated improved prognosis (Figure 3). Specific
subgroups of patients, age >60 years, male, without HBV
infection, CA19-9>37U/mL, without laparoscopic ap-
proach, without portal vein occlusion, with IVC occlusion,
singular tumor, well/moderate differentiation, without mi-
crovascular invasion, regardless of the tumor size, may
benefit more from AR in OS. Other subgroups of patients,
age >60 years, CA19-9 > 37 U/mL, Child-Pugh class A, with
cirrhosis, without laparoscopic approach, without portal
occlusion, tumor size >5 cm, singular tumor, well/moderate
differentiation, and without microvascular invasion, may
benefit more from AR in DFS (Figure 4).
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3880 consecutive cases with malignant liver diseases
from Jan 2013 to Dec 2016 in a single HPB center

3211 patients with other liver malignancy
(i) Hepatocellular carcinoma (n = 2903)
(ii) Metastatic liver cancer (n = 265)

(iii) Others (n = 43)

[ 669 cases with cholangiocarcinoma (CCA) ]

291 patients with other CCA
(i) perihilar CCA (n = 189)
(ii) distal CCA (n = 102)

[ 378 cases with intrahepatic CCA (ICC) ]

102 patients with non-surgical treatrments
(i) TACE (n =48)
(ii) Ablation (n = 54)

[ 276 patients of ICC in the analytic cohort ]

[ NAR Group (n = 137) ] [ AR Group (n = 139) ]

[ I
1

[ 99 pairs in the PSM cohort ]

FiGURE 1: The flowchart of patient enrollment in this study.

TaBLE 1: Characteristics of the patients in the two groups before and after PSM.

Before propensity matching After propensity matching

NAR

AR

NAR

AR

(n=137) (n=139) p (n=99) (n=99) p
Age (year) (n (%))
<60 94 (68.61%) 90 (64.75%) 0.496 70 (70.71%) 63 (63.64%) 0.289
>60 43 (31.39%) 49 (35.25%) 29 (29.29%) 36 (36.36%)
Sex (n (%))
Male 82 (59.85%) 85 (61.15%) 0.826 58 (58.59%) 59 (59.60%) 0.885
Female 55 (40.15%) 54 (38.85%) 41 (41.41%) 40 (40.40%)
HBYV infection (n (%))
Yes 36 (26.28%) 38 (27.34%) 0.842 20 (20.20%) 23 (23.23%) 0.605
No 101 (73.72%) 101 (72.66%) 79 (79.80%) 76 (76.77%)
Smoke history (n (%))
Yes 39 (28.47%) 37 (26.62%) 0.731 28 (28.28%) 27 (27.27%) 0.874
No 98 (71.53%) 102 (73.38%) 71 (71.72%) 72 (72.73%)
Alcohol history (n (%))
Yes 25 (18.25%) 24 (17.27%) 0.831 17 (17.17%) 16 (16.16%) 0.849
No 112 (81.75%) 115 (82.73%) 82 (82.83%) 83 (83.84%)
RBC count (1012/L) 4.37 +0.58 4.24+0.52 0.038 4.35+0.60 4.25+0.51 0.209
HB (g/L) 129.52 +£19.68 128.11 +18.10 0.535 128.59 +£19.73 12792 +£17.94 0.803
ALT (U/L) (1 (%))
<40 107 (78.10%) 99 (71.22%) 0.189 77 (77.78%) 76 (76.77%) 0.865
>40 30 (21.90%) 40 (28.78%) 22 (22.22%) 23 (23.23%)
AST (U/L) (n (%))
<40 106 (77.37%) 98 (70.50%) 0.194 77 (77.78%) 75 (75.76%) 0.736
>40 31 (22.63%) 41 (29.50%) 22 (22.22%) 24 (24.24%)
ALB (g/L) (n (%))
<35 18 (13.14%) 26 (18.71%) 0.207 14 (14.14%) 19 (19.19%) 0.340

>35

119 (86.86%)

113 (81.29%)

85 (85.86%)

80 (80.81%)
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TaBLE 1: Continued.
Before propensity matching After propensity matching
NAR AR NAR AR
(n=137) (n=139) p (n=99) (n=99) p
TB (umol/L) (n (%))
<20.5 110 (80.29%) 105 (75.54%) 0.341 77 (77.78%) 79 (79.80%) 0.728
>20.5 27 (19.71%) 34 (24.46%) 22 (22.22%) 20 (20.20%)
BUN (mmol/L) 4.84+1.41 4.85+1.62 0.961 4.82+1.42 484+1.54 0.917
CR (¢mol/L) 68.30+16.72 68.23+15.83 0.972 68.08 +15.16 69.16 £ 16.09 0.627
PT (s) 13.85+1.02 13.75+1.10 0.424 13.90+1.05 13.74+1.08 0.291
PTA (%) 90.37 £13.36 92.39 +14.57 0.232 89.71 +13.64 92.62 +14.05 0.141
APTT (s) 37.27 £3.57 37.80+4.81 0.302 37.33+£3.63 37.67 +4.41 0.556
Child-Pugh classification (n (%))
A 126 (91.97%) 117 (84.17%) 0.046 88 (88.89%) 89 (89.90%) 0.817
B 11 (8.03%) 22 (15.83%) 11 (11.11%) 10 (10.10%)
AFP (ng/mL) (n (%))
<40 128 (93.43%) 129 (92.81%) 0.838 94 (94.95%) 96 (96.97%) 0.470
>40 9 (6.57%) 10 (7.19%) 5 (5.05%) 3 (3.03%)
CA19-9 (U/mL) (n (%))
<37 75 (54.74%) 69 (49.64%) 0.396 56 (56.57%) 53 (53.54%) 0.668
>37 62 (45.26%) 70 (50.36%) 43 (43.43%) 46 (46.46%)
CEA (ng/mL) (n (%))
<20 127 (92.70%) 127 (91.37%) 0.682 91 (91.92%) 93 (93.94%) 0.579
>20 10 (7.30%) 12 (8.63%) 8 (8.08%) 6 (6.06%)
Cirrhosis (n (%))
Yes 28 (20.44%) 33 (23.74%) 0.508 19 (19.19%) 16 (16.16%) 0.576
No 109 (79.56%) 106 (76.26%) 80 (80.81%) 83 (83.84%)
Laparoscopic approach (n (%))
Yes 27 (19.71%) 21 (15.11%) 0.313 19 (19.19%) 17 (17.17%) 0.712
No 110 (80.29%) 118 (84.89%) 80 (80.81%) 82 (82.83%)
Robotic approach (n (%))
Yes 4 (2.92%) 4 (2.88%) 0.983 3 (3.03%) 4 (4.04%) 0.700
No 133 (97.08%) 135 (97.12%) 96 (96.97%) 95 (95.96%)
Portal vein occlusion (1 (%))
Yes 41 (29.93%) 57 (41.01%) 0.054 29 (29.29%) 42 (42.42%) 0.054
No 96 (70.07%) 82 (58.99%) 70 (70.71%) 57 (57.58%)
IVC occlusion (n (%))
Yes 7 (5.11%) 8 (5.76%) 0.813 4 (4.04%) 6 (6.06%) 0.516
No 130 (94.89%) 131 (94.24%) 95 (95.96%) 93 (93.94%)
Operation time (min) 134,080 +112.790  167.990+141.030  0.028  143.420+122.812 165400+ 135210 0.233
Intraoperative hemorrhage (mL) 272.800+257.337  372.900 +473.712 0.045 266.230 +266.020 375.220+532.383  0.094
Intraoperative transfusion (n (%))
Yes 7 (5.11%) 18 (12.95%) 0.023 3 (3.03%) 13 (13.13%) 0.009
No 130 (94.89%) 121 (87.05%) 96 (96.97%) 86 (86.87%)
Differentiation (n (%))
Poor 78 (56.93%) 81 (58.27%) 0.822 57 (57.58%) 58 (58.59%) 0.885
Well/moderate 59 (43.07%) 58 (41.73%) 42 (42.42%) 41 (41.41%)
Tumor size (cm)
<5 78 (56.93%) 69 (49.64%) 0.225 60 (60.61%) 50 (50.51%) 0.153
>5 59 (43.07%) 70 (50.36%) 39 (39.39%) 49 (49.49%)
Tumor number
Singular 85 (62.04%) 112 (80.58%) 0.001 74 (74.75%) 80 (80.81%) 0.228
Multiple 52 (37.96%) 27 (19.42%) 25 (25.25%) 19 (19.19%)
Lymph node metastasis
Yes 28 (20.44%) 49 (35.25%) 0.006 27 (27.27%) 18 (18.18%) 0.127
No 109 (79.56%) 90 (64.75%) 72 (72.73%) 81 (81.82%)
Neuron invasion
Yes 3 (2.19%) 8 (5.76%) 0.130 3 (3.03%) 4 (4.04%) 0.700
No 134 (97.81%) 131 (94.24%) 96 (96.97%) 95 (95.96%)
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TaBLE 1: Continued.

Before propensity matching After propensity matching
NAR AR NAR AR
(n=137) (n=139) p (n=99) (n=99) p

Necrosis

Yes 2 (1.46%) 4 (2.88%) 0.419 1 (1.01%) 3 (3.03%) 0.312

No 135 (98.54%) 135 (97.12%) 98 (98.99%) 96 (96.97%)
PVTT

Yes 2 (1.46%) 9 (6.47%) 0.033 2 (2.02%) 3 (3.03%) 0.651

No 135 (98.54%) 130 (93.53%) 97 (97.98%) 96 (96.97%)
Microvascular invasion

Yes 9 (6.57%) 13 (9.35%) 0.393 7 (7.07%) 6 (6.06%) 0.774

No 128 (93.43%) 126 (90.65%) 92 (92.93%) 93 (93.94%)
Hospital stay (day) 7.61 £ 3.86 10.70+9.29 <0.001 7.85+4.1 10.77 £10.03 0.008

HBV: hepatitis B virus, RBC: red blood cell, HB: hemoglobin, ALT: alanine aminotransferase, AST: aspartate transaminase, ALB: albumin, TB: total bilirubin,
BUN: blood urea nitrogen, CR: creatinine, PT: prothrombin time, PTA: prothrombin activity, APTT: activated partial thromboplastin time, AFP: alpha-
fetoprotein, CA19-9: carbohydrate antigen 19-9, CEA: carcinoembryonic antigen, IVC: inferior vena cava, and PVTT: portal vein tumor thrombosis.

TABLE 2: Postoperative complications of AR and NAR groups after PSM.

NAR AR
(n=99) (n=99) P
Complications (n (%)) 15 (15.15%) 12 (12.12%) 0.534
Fever 3 (3.03%) 2 (2.02%)
Abdominal infection 1 (1.01%) 0
Incision infection 1 (1.01%) 0
Pulmonary infection 2 (2.02%) 1 (1.01%)
Intestinal obstruction 1 (1.01%) 0
Pleural effusion 0 1 (1.01%) 0.882
Ascites 3 (1.01%) 2 (2.02%)
Nausea or vomiting 1 (1.01%) 2 (2.02%)
Thrombosis 1 (1.01%) 1 (1.01%)
Bile or pancreatic leakage 1 (1.01%) 1 (1.01%)
Hemorrhage 1 (1.01%) 2 (2.02%)
Clavien-Dindo grade (n (%))
I 12 (12.12%) 10 (10.10%) 0.825
i 3 (3.03%) 2 (2.02%) :
OS before PSM 0S after PSM
100 100
= =
& 50 - 3 50
= !
b o
& 8
p=0.195 p=0.022
0 T T T 1 0 T T T 1
0 20 40 60 80 0 20 40 60 80
Time (months) Time (months)
—— NAR —— NAR
—— AR —— AR
() (b)

FiGgure 2: Continued.



Journal of Oncology 7

DFS after PSM
DFS before PSM
100 100
= —~
= X
s =
= <
3 5
g 50 % 50 -
& g
2 =
g 2
2 <
] v
= A
p=0.131 p=10.029
0 T T T 1 0 T T T 1
0 20 40 60 80 0 20 40 60 80
Time (months) Time (months)
—— NAR —— NAR
— AR —— AR
() (d)

F1GURe 2: Kaplan—-Meier curves of overall survival and disease-free survival in ICC patients before and after PSM. (a) overall survival of ICC
patients before PSM; (b) overall survival of ICC patients after PSM; (c) disease-free survival of ICC patients before PSM; (d) disease-free
survival of ICC patients after PSM.

TaBLE 3: Postoperative recurrence of AR and NAR groups after PSM.

NAR AR
(n=99) (n=99) P
Follow-up (n (%))
Recurrence 84 (84.85%) 83 (83.84%)
Recurrence-free 1 (1.01%) 6 (6.06%) 0.120
Lost during follow-up 14 (14.14%) 10 (10.10%)

Intrahepatic recurrence (n (%)) 68 (68.69%) 67 (67.68%) 0.879
Resection margin 5 (5.05%) 2 (2.02%)

Adjacent segment 32 (32.32%) 26 (26.26%) 0.245
Distant segment 31 (31.31%) 39 (39.39%)

Extrahepatic recurrence (n (%)) 8 (8.08%) 11 (11.11%) 0.469
Single metastasis 3 (3.03%) 6 (6.06%) 0.463
Multiple metastases 5 (5.05%) 5 (5.05%) ’

Both intra-/extra-hepatic recurrence (n (%)) 8 (8.08%) 5 (5.05%) 0.389

OS for tumor size > 5 cm
OS for tumor size < 5 cm

100 100 A
E E
I3 g
3 504 3 50 p=0037
= =
g p=0.030 5
o o
0 T T T 1 0 T T T 1
0 20 40 60 80 0 20 40 60 80
Time (months) Time (months)
. NAR —— NAR
—— AR —— AR
() (b)

FiGgure 3: Continued.
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FiGgure 3: Kaplan-Meier curves of subgroup analysis of overall survival and disease-free survival in ICC patients who underwent AR or
NAR. (a) overall survival of patients with tumor <5 cm; (b) overall survival of patients with tumor >5 cm; (c) overall survival of patients with
singular tumor; (d) overall survival of patients with multiple tumors; (e) overall survival of patients with poor differentiation; (f) overall
survival of patients with well/moderate differentiation; (g) disease-free survival of patients with tumor <5cm; (h) disease-free survival of
patients with tumor >5 cm; (i) disease-free survival of patients with singular tumor; (j) disease-free survival of patients with multiple tumors;
(k) disease-free survival of patients with poor differentiation; (1) disease-free survival of patients with well/moderate differentiation.

3.3. Risk Factor Analysis. In the PSM cohort, the univariate
analysis identified NAR, tumor size >5 cm, multiple tumors,
poor differentiation and lymph node metastasis as signifi-
cant risk factors for OS (p <0.05) (Table 4). NAR, without
laparoscopic approach, tumor size >5 cm, multiple tumors,
poor differentiation and lymph node metastasis were con-
sidered significant risk factors for DES (p < 0.05) (Table 5).
Multivariate analysis showed NAR, tumor size >5cm,
multiple tumors and poor differentiation were independent
risk factors for OS (p <0.05), NAR, tumor size >5cm, and
poor differentiation were independent risk factors for DFS
(p <0.05) after PSM analysis.

3.4. Nomogram Prediction. A nomogram model predicting
OS of patients with ICC undergoing hepatectomy is shown
in Figure 5. The prognostic nomogram was developed based
on the following six prognostic factors: age, sex (male or
female), group (AR or NAR), tumor number (singular or
multiple), tumor size (<5cm or >5cm), and differentiation

(well/moderate or poor). Each factor was ascribed
a weighted point total that implied a survival prognosis.

4. Discussion

ICC is the second most common primary hepatic malignant
tumor, with radical liver resection as the only curative option
[29]. Extended liver resection and vascular reconstruction,
together with systemic therapy and locoregional treatments,
enabled increasing rates of resection and improved OS in
selected ICC patients [30]. AR and NAR have been debated
in HCC for decades with still controversial results, while
clinical studies focusing on surgical strategy of AR or NAR
for ICC are rare. In this study, we found that AR improved
the 1-, 3-, and 5-year OS (70%, 46%, and 34%, respectively)
and DFS (61%, 21%, and 10%, respectively) for ICC patients
with statistical significance after PSM analysis. AR presented
comparable complications and recurrence when compared
with NAR. Multivariate analysis identified NAR, tumor size
>5cm, multiple tumors, and poor differentiation as
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FIGURE 4: Forest plot for subgroup analysis of overall survival and disease-free survival in two groups after PSM.
TaBLE 4: Univariate and multivariate analyses of relative risk of overall survival in the PSM cohort.
. Univariate analysis Multivariate analysis
Variables
HR (95%CI) p HR (95%CI) p
Group (NAR vs. AR) 0.661 (0.460-0.949) 0.025 0.655 (0.448-0.958) 0.029
Age (year) (<60 vs. >60) 1.089 (0.748-1.585) 0.657
Sex (female vs. male) 0.921 (0.641-1.323) 0.655
HBYV infection (no vs. yes) 0.820 (0.527-1.275) 0.378
Smoke history (no vs. yes) 0.913 (0.613-1.359) 0.652
Alcohol history (no vs. yes) 0.959 (0.587-1.567) 0.868
Child-Pugh classification (A vs. B) 0.832 (0.467-1.482) 0.533
ALT (U/L) (<40 vs. >40) 0.809 (0.517-1.265) 0.352
AST (U/L) (<40 vs. >40) 1.040 (0.678-1.598) 0.856
ALB (g/L) (<35 vs. >35) 0.651 (0.409-1.036) 0.070
TB (pmol/L) (<20.5 vs. >20.5) 1.123 (0.731-1.725) 0.596
CA19-9 (U/mL) (<37 vs. >37) 1.273 (0.890-1.822) 0.186
CEA (ng/mL) (<20 vs. >20) 0.849 (0.414-1.740) 0.654
AFP (ng/mL) (<40 vs. >40) 0.668 (0.211-2.108) 0.491
Cirrhosis (no vs. yes) 1.087 (0.684-1.728) 0.724
Laparoscopic approach (no vs. yes) 0.618 (0.378-1.011) 0.055
Robotic approach (no vs. yes) 0.547 (0.174-1.722) 0.302
Portal vein occlusion (no vs. yes) 1.325 (0.919-1.909) 0.131
IVC occlusion (no vs. yes) 0.999 (0.440-2.272) 0.999
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Variables

Univariate analysis

HR (95%CI)

Multivariate analysis

HR (95%CI)

Intraoperative transfusion (no vs. yes)
Conversion to open surgery (no vs. yes)
Tumor size (cm) (<5 vs. >5)

Tumor number (singular vs. multiple)
Differentiation (poor vs. well/moderate)
Lymph node metastasis (no vs. yes)
Neuron invasion (no vs. yes)

Necrosis in pathology (no vs. yes)
PVTT in pathology (no vs. yes)
Microvascular invasion (no vs. yes)

1.577 (0.867-2.869)
1.086 (0.568-2.075)
2.399 (1.666-3.453)
2.573 (1.754-3.775)
0.323 (0.213-0.489)
1.759 (1.193-2.593)
0.552 (0.175-1.738)
2.568 (0.941-7.006)
2.198 (0.891-5.418)
1.725 (0.967-3.075)

0.136
0.804
<0.001
<0.001
<0.001
0.004
0.310
0.065
0.087
0.065

2.050 (1.393-3.018)
1.962 (1.281-3.006)
0.399 (0.261-0.609)
0.983 (0.629-1.537)

<0.001
0.002
<0.001
0.942

TaBLE 5: Univariate and multivariate analyses of relative risk of disease-free survival in the PSM cohort.

Variables

Univariate analysis

HR (95%CI)

p

Multivariate analysis

HR (95%CI)

Group (NAR vs. AR)

Age (year) (<60 vs. >60)

Sex (female vs. male)

HBYV infection (no vs. yes)

Alcohol history (no vs. yes)
Child-Pugh classification (A vs. B)
Smoke history (no vs. yes)

ALT (U/L) (<40 vs. >40)

AST (U/L) (<40 vs. >40)

ALB (g/L) (<35 vs. >35)

TB (pmol/L) (<20.5 vs. >20.5)
CA19-9 (U/mL) (<37 vs. >37)

CEA (ng/mL) (<20 vs. >20)

AFP (ng/mL) (<40 vs. >40)

Cirrhosis (no vs. yes)

Laparoscopic approach (no vs. yes)
Robotic approach (no vs. yes)

Portal vein occlusion (no vs. yes)
IVC occlusion (no vs. yes)
Intraoperative transfusion (no vs. yes)
Conversion to open surgery (no vs. yes)
Tumor size (cm) (<5 vs. >5)

Tumor number (singular vs. multiple)
Differentiation (poor vs. well/moderate)
Lymph node metastasis (no vs. yes)
Neuron invasion (no vs. yes)
Necrosis in pathology (no vs. yes)
PVTT in pathology (no vs. yes)
Microvascular invasion (no vs. yes)

0.716 (0.526-0.974)
0.975 (0.705-1.349)
0.955 (0.701-1.301)
0.804 (0.563-1.148)
0.811 (0.530-1.242)
0.992 (0.583-1.689)
0.932 (0.664-1.307)
0.799 (0.550-1.160)
0.994 (0.692-1.427)
0.677 (0.455-1.007)
0.912 (0.620-1.341)
1.028 (0.756-1.397)
1.147 (0.662-1.985)
0.961 (0.424-2.175)
0.939 (0.623-1.418)
0.550 (0.363-0.833)
0.445 (0.165-1.202)
1.261 (0.919-1.732)
1.327 (0.699-2.521)
1.586 (0.945-2.660)
0.874 (0.474-1.612)
1.963 (1.439-2.677)
1.771 (1.229-2.553)
0.457 (0.331-0.633)
1.987 (1.404-2.812)
0.862 (0.404-1.840)
2.462 (0.905-6.695)
1.457 (0.536-3.959)
1.315 (0.726-2.379)

0.034
0.880
0.770
0.230
0.335
0.977
0.682
0.238
0.972
0.054
0.639
0.860
0.625
0.924
0.765
0.005
0.110
0.151
0.387
0.081
0.667
<0.001
0.002
<0.001
<0.001
0.701
0.078
0.461
0.366

0.661 (0.476-0.916)

0.790 (0.505-1.238)

1.646 (1.170-2.315)
1.185 (0.784-1.185)
0.577 (0.410-0.812)
1.345 (0.898-2.014)

0.013

0.304

0.004
0.422
0.002
0.150

independent risk factors for OS (p < 0.05). Selected patients
can benefit most from AR, according to subgroup analysis. A
nomogram based on independent risk factors for OS and
factors with clinical significance was constructed to predict
OS in ICC patients.

Primary liver cancer is the fifth most commonly di-
agnosed malignancy worldwide, with a high prevalence in
Asia and Africa. HCC arising from hepatocytes and ICC
from bile duct epithelium are major types of primary liver
cancer [31, 32]. ICC is located in the second-order bile ducts
in the hepatic parenchyma, extinguished with pCCA in left
and right common hepatic ducts and dCCA in common bile

duct [33]. ICC can be classified as mass-forming, periductal
infiltrating, and intraductal growth types by morphology
[34, 35]. Chronic biliary tract inflammation owing to
choledocholithiasis, cholelithiasis, primary sclerosing chol-
angitis, or liver fluke infection is associated with CCA, while
patients are usually asymptomatic and have no underlying
liver diseases [36]. Patients with HCC usually have un-
derlying diseases like HBV/HCYV infection, steatohepatitis or
cirrhosis, and inclined to metastasis with blood flow, while
ICC characterized itself with jaundice caused by biliary
obstruction and lymph node metastasis. HBV/HCV in-
fection may also be involved in the carcinogenesis of ICC
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FiGUure 5: Nomogram for postoperative survival prediction based on six prognostic factors.

[37, 38]. Interestingly, HBV-associated ICC has been re-
ported to have a favorable prognosis, probably due to early
diagnosis [39, 40]. Capecitabine is now first-line adjuvant
therapy after curative intent resection [29]. Consecutive
therapy plans based on MDT discussion are needed for this
aggressive cancer with distinct anatomic, molecular, and
clinical characteristics [41, 42].

Radical surgical treatment is still the only therapy with
curative potential for ICC. An aggressive surgical approach,
including major liver resection, has been recommended in
many centers to improve outcomes. Our study found that
patients with ICC benefited from AR in OS and DFS after
PSM, indicating complete removal of tumor-bearing seg-
ments plays a significant role in improving the survival
outcomes. Shen reported better survival outcomes were
associated with AR in ICC patients with stage IB or II tumors
without vascular invasion [18]. The 1-, 3-, and 5-year OS
were 72.9%, 45.7%, and 36.0% in the AR group and 62.0%,
30.8%, and 25.3% in the NAR group after PSM. However,
Yang concluded that NAR was not inferior to AR in survival
outcomes for primary solitary ICC without direct invasion
of contiguous organs or extrahepatic metastasis and po-
tential benefits exist in NAR [19]. In their study, the NAR
group had a more positive surgical margin, but the surgical
margin had no significant impact on OS or DFS before and
after PSM analysis.

Resection margin status and length are supposed to be
associated with the incidence of local recurrence in the-
ory, which is a technical concern during ICC surgery [11].
Technically, AR obtains a larger distance between surgical

margin and tumor lesion, which had a higher potential for
negative resection margin than NAR. Previous studies
found a residual tumor on the surgical margin is likely to
grow and spread much more aggressively, leading to early
recurrence and dismal survival [43, 44]. However, the
prognostic value of a wide margin remains controversial
[10]. Resection margin >1cm was associated with im-
proved survival. Intrahepatic recurrence is inclined to
happen in resection margin or adjacent segments in the
NAR group but distant segments in the AR group. The
result was suggestive based on proportion, although there
was no significant difference. Postoperative complications
were comparable (Clavien-Dindo grade I/II) in two
groups, indicating both AR and NAR are technically safe
in hepatectomy for ICC. Though surgical treatments
improve the survival of ICC patients, systematic sur-
veillance among patients with high-risk factors is nec-
essary to avoid a late diagnosis of ICC in intermediate/
advanced stages [33].

Lymph node (LN) metastases are recognized as an ex-
tremely poor prognostic risk factor no matter whether cu-
rative resection is applied [34]. The essential of surgery in
patients with LN metastases detected preoperatively and
routine lymphadenectomy in ICC surgery remain contro-
versial [45]. The 8" American Joint Committee on Cancer
(AJCC) staging system recommends six nodes need to be
analyzed. Combined with resection margin and perineural
invasion, lymph node ratio (LNR) 15 was reported to be an
independent predictor of DFS, OS, early, local, and distal
recurrence [46]. In our research, LN metastases were
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a relative risk factor for OS in univariate analysis, but it was
not an independent risk factor in multivariate analysis.
However, lymphadenectomy is still recommended in ICC
patients undergoing hepatectomy by experienced surgeons
with/without preoperation evidence of LN metastasis
[22, 47]. Accurate staging determined by routine lympha-
denectomy is crucial for predicting prognosis and providing
options for following treatments [48]. In addition, complete
removal of lymph nodes with metastasis potential helps to
reduce rates of regional recurrence, as well as jaundice or
pyloric obstruction induced by recurrence.

The diagnosis of cholangiocarcinoma is accomplished
by the combination of clinical/biochemical features and
imaging findings with nonspecific tumor markers for
suggestive complementary [49]. There is a lack of prog-
nostic and predictive tumor markers for ICC, particularly
compared with the clinical significance indicated by el-
evated AFP level and prognostic efficiency of PIVKA-II in
HCC [50, 51]. The combination of CEA, CA125, and
CA19-9 had been reported to have diagnostic effects
[52, 53]. In our research, about half of the patients pre-
sented elevated CA19-9 before or after PSM analysis,
while only a very small proportion of patients presented
abnormal serum CEA and AFP. In subgroup analysis, AR
was superior to NAR in patients with elevated CA19-9,
which shows low sensitivity in early stages but increased
sensitivity in advanced diseases [2, 54]. Besides traditional
serum biomarkers, biomarkers from extracellular vesicles,
metabolites, and nucleic acids, as well as next-generation
biomarkers detected by high-throughput omics-based
approaches, have the clinical application potential
[49, 55].

Although surgical resection is the only curative treat-
ment for patients with ICC, most patients are ineligible for
surgery treatment at the time of the first diagnosis due to
metastasis or local advancement [36]. Early detection of ICC
by screening is of vital importance in potential population
with risk factors. Tumor size, RO resection, lymph node
metastasis, differentiation, adjuvant chemotherapy, CA19-9,
T stage, PVTT, HBV infection/vaccination, and Eastern
Cooperative Oncology Group performance status (ECOG-
PS) have been reported as prognostic factors influencing
survival outcomes of ICC in recent researches
[2, 31, 37, 40, 56-58]. We identified NAR, tumor size >5 cm,
multiple tumors, and poor differentiation as independent
risk factors for OS in ICC patients undergoing hepatectomy.
The nomogram in our study was developed from in-
dependent risk factors and factors with clinical significance.
The AJCC TNM system is the most commonly used staging
system for ICC, while other systems have been proposed,
including the staging system for mass-forming type by
Okabayashi and the LCSGJ system by Wang. [59]. Many
researchers have attempted to establish nomogram models
to be used as alternative standards in staging ICC subgroups
[59-61].

The minimally invasive approach for curative surgery of
ICC has not been well established [62]. Laparoscopy is as-
sociated with less intraoperative blood loss, faster recovery,
and fewer complications for most surgeries in general, but
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the benefits of laparoscopic resection for ICC are contro-
versial due to the challenges in major hepatectomy, vascular
and biliary reconstruction, and extended lymphadenectomy.
Complete resection (R0) with adequate remnant liver pa-
renchyma is the aim of resection regardless of surgery types,
which should be technically feasible for both open and
minimally invasive approaches. We enrolled 19 patients and
17 patients in the PSM cohort undergoing NAR or AR with
a laparoscopic approach, respectively. Without laparoscopic
approach was considered a risk factor for DFS in univariate
analysis, though multivariate analysis showed it cannot
predict the prognosis independently. Subgroup analysis
showed AR and NAR were comparable in the laparoscopic
group, while AR achieved better OS in patients with open
surgery, which might be the result of patient selection.
Surgeons preferred to choose laparoscopy on patients with
singular, relatively smaller tumors, and better general sit-
uation to ensure the operation safety, the outcomes of whom
tended to be impacted more by tumor characteristics rather
than surgical intervention. However, the advantages of AR
can be observed in patients with open surgery. Robotic
resection has not been further analyzed due to the limited
cases in the entire cohort (2.92% and 2.28%) and in the PSM
cohort (3.03% and 3.04%) for NAR and AR groups.

We acknowledge the potential limitations in this study of
selection bias and sample size. Although PSM analysis was
applied to reduce the selection bias in a new cohort with
comparable baseline characteristics, the possibility of other
unconsidered biases remains in a retrospective study. The
entire cohort was selected from 3880 consecutive patients
from a single center in the past 4 years according to the
inclusion and exclusion criteria; however, further ran-
domized clinical trials (RCTs) among multiple centers with
large surgery volumes are still demanded.

In conclusion, AR improved the long-term survival of
ICC with comparable postoperative complications and
similar recurrence patterns. Multivariate analysis showed
NAR, tumor size >5cm, multiple tumors, and poor dif-
ferentiation were independent risk factors for OS. AR is
suggested in ICC patients with sufficient remnant liver
volume.
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