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Background. It was reported that systemic immune inflammation index (SII) was related to poor prognosis in a variety of cancers.
We aimed to investigate the ability of the prognostic predictors of SII in patients with intrahepatic cholangiocarcinoma (iCCA)
undergoing liver transplantation (LT). Methods. The 28 iCCA patients who underwent LT at our hospital between 2013 and
2018 were reviewed. Kaplan-Meier survival curves and Cox regression analyses were used to evaluate the prognostic significance
of SII. Patients were divided into the high and low SII groups according to the cut-off value. Results. The 1-, 3-, and 5-year OS
rates were significantly lower in the high SII group (85.7%, 28.6%, and 21.4%, respectively) than in the low SII group (92.9%,
71.4%, and 57.2%, respectively; P =0.009). The 1-, 3-, and 5-year RES rates were, respectively, 57.1%, 32.7%, and 21.8% in the
high SIT group and 85.7%, 61.1%, and 61.1% in the low SII group (P =0.021). SII > 447.48 x 10°/L (HR 0.273, 95% CI 0.082-
0.908; P =0.034) was an independent prognostic factor for OS. Conclusions. Our results showed that SII can be used to predict

the survival of patients with iCCA who undergo LT.

1. Introduction

Cholangiocarcinoma (CCA) is a rare malignant tumor with
an incidence of less than 2/100,000 persons [1]. CCA is clas-
sified into several subtypes. iCCA accounts for 8-10% of bil-
iary tract cancers [2]. The incidence of iCCA has been
increasing worldwide over the last 3 decades, which may be
related to primary sclerosing cholangitis, viral hepatitis, or
chemical exposure [3]. Because of the poor long-term out-
comes, iCCA is usually a contraindication for LT [4]. How-
ever, data from several studies have reported poor
outcomes in patients with iCCA after transplantation [5].
Thus, many centers consider iCCA to be a contraindication
to liver transplantation typically [6]. Despite the controversy,
several studies have proposed that LT may provide accept-

able long-term survival in selected patients with iCCA [7,
8]. Therefore, it is necessary to establish appropriate criteria
to select the right patients for liver transplantation. The cur-
rent criteria for evaluating liver transplantation, such as the
Milan criteria and Hangzhou criteria, that are effective for
hepatocellular carcinoma (HCC) patients are not useful for
evaluating patients with iCCA.

There is sufficient evidence that inflammation is related
to tumor progression [9, 10]. It was reported that inflamma-
tory cells such as lymphocytes and platelets change the tumor
microenvironment play an important role in promoting the
proliferation, invasion, and migration of tumors.
Inflammation-based scores, including PLR, PNI, and SII,
have been reported to be useful prognostic biomarkers for
various cancers [11-14]. SII has been proved to be a
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prognostic predictor for several cancers. However, it remains
unclear whether there is a correlation between preoperative
SII and prognosis in patients with iCCA undergoing LT.
The purpose of this study was to explore the prognostic value
of SII in patients with iCCA undergoing LT.

2. Methods

The 28 patients who received liver transplantation for iCCA
at the First Affiliated Hospital, Sun Yat-Sen University
(Guangzhou, China), from 2013 to 2018 were retrospectively
reviewed. The diagnosis was confirmed by medical imaging
and pathological examination of tissue specimens. Clinical
characteristics extracted from the medical records. Patients
were followed monthly for the first 6 months. This study only
included patients with iCCA at the explant. Patients with
mixed iCCA + HCC (in the same or different nodule) were
excluded from the study.

All tumor patients including iCCA on the waiting list
evaluated for extrahepatic metastasis were evaluated. Patients
with an expected waiting list time of over 6 months could
have been treated with transarterial chemoembolization
(TACE), ablation as a bridge to LT. In addition to TACE
and ablation, patients with iCCA diagnosed preoperatively
received chemotherapy based on gemcitabine and cisplatin.

Independent y? tests were used to compare categorical
variables. Continuous variables were compared using ¢
-tests. Survival curves were analyzed using the Kaplan-
Meier method. The Cox regression analysis was used for
univariate and multivariate analyses. The area under the
receiver operating characteristic (ROC) curve (AUC) was
calculated to examine the predictive value of the proposed
model. All statistical analyses were performed using SPSS
version 19.0 statistical software (SPSS, Chicago, IL, USA).
P values < 0.05 were considered statistically significant.

All organs came from voluntary donations from citi-
zens; no organs from executed prisoners (even with
his/her consent) were used involved. The study was
approved by the Institutional Review Board of the First
Affiliated Hospital of Sun Yat-sen University and was per-
formed in accordance with the Declaration of Istanbul. All
protocols conformed to the ethical guidelines of the 1975
Helsinki Declaration.

3. Results

A total of 28 consecutive adult liver transplant patients with
iCCA were included in the analysis. Clinical characteristics
are summarized in Table 1. Patients diagnosed with iCCA
received adjuvant therapy, with gemcitabine and cisplatin,
and only a subset of patients received TACE and ablation
for pretransplant locoregional therapy.

The 28 patients in the study were 25 (%) male and 3 (%)
females. The median age was 51.5 (interquartile range (IQR)
46.8-60.0) years. The median follow-up duration was 33.5
months. The 5-year OS rate was 39.3%, and the 5-year RFS
rate was 43.0%, respectively.

The ROC curves of SII, NLR, and PLR indicated that
44748, 2.92, and 106.62 were the optimal cut-off values.
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TaBLE 1: Baseline characteristics in iCCA patients.

Characteristic Values
Gender

Male 25 (89.3)
Female 3 (10.7)

Age (years)
Child-Pugh Class

51.5 (46.8-60.0)

A 7 (25.0)

B 13 (46.4)

C 8 (28.6)
BMI 23.2 (20.4-23.9)
MELD score 11.0 (7.8-16.5)
CEA (ug/L) 3.2 (2.5-8.6)
CA19-9 (U/L) 125.9 (28.1-1436.6)
AFP (ng/L) 42 (2.6-5.1)
Tumor number

Single 19 (67.9)
Multiple 9 (32.1)
Largest tumor size (cm) 5.8 (2.4-7.5)
HBsAg

Positive 17 (60.7)
Negative 11 (39.3)
Pretransplant locoregional therapy 21 (75.0)
Differentiation

Well 2(7.1)
Moderate 18 (64.3)
Poor 8 (28.6)
Vascular invasion 9 (32.1)
Tumor recurrence 15 (53.6)

SIIT 447.5 (289.9-930.7)
PLR 125.8 (98.6-184.1)
NLR 2.9 (1.8-4.1)

Follow-up (months)

33.5 (18.8-50.8)

Data are presented as n (%) or median (IQR).

According to the cut-off values, patients were divided
into the low (<447.48x10°/L, n=14) and high
(2447.48 x 10°/L, n=14) SII groups. The demographic
and clinicopathological characteristics of the two groups
were compared (Table 2).

The 5-year OS rates were significantly lower in the
high SII group than in the low SII group (21.4% vs.
57.2%, P=0.009) (Figure 1(a)). The 5-year RFS rates
were 21.8% in the high SII group and 61.1% in the
low SII group (P=0.021) (Figure 1(d)). High PLR and
NLR scores were also associated with poor OS
(P=0.001 and P =0.006; Figures 1(b) and 1(c)) and poor
RFS (P =0.011 and P = 0.027; Figures 1(e) and 1(f)).

Univariate analysis revealed CEA level, tumor recur-
rence, SII, PLR, and NLR to be significant prognostic factors
for OS. Results of multivariate analysis showed that SII >
447.48 x 10°/L was revealed to be an independent predictor
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TaBLE 2: Comparison of characteristics between the high SII group and low SII group of patients with iCCA who underwent LT.
Variables SII < 447.48 (n=14) SII > 447.48 (n=14) P value
Gender P=0.541

Male 13 (92.9) 12 (85.7)

Female 1(7.1) 2 (14.3)

Age (years) 50.0 (45.3-60.0) 54 (47.8-59.3) P=0.380
Child-Pugh Class P=0.242
A 4 (28.6) 3(21.4)

B 8 (57.1) 5(35.7)

C 2 (14.3) 6 (42.9)

BMI 23.5 (22.4-25.0) 22.0 (19.9-23.5) P=0.423
MELD score 10 (7-14) 12 (8-18) P=0.592
CEA (ug/L) 2.6 (1.4-4.2) 8.2 (3.1-19.3) P=0.321
CA19-9 (U/L) 59.6 (12.0-235.1) 576.5 (9.2-3874.4) P=0.264
AFP (ng/L) 3.2 (2.6-5.6) 4.3 (2.8-5.5) P=0.624
Tumor number P =0.686
Single 10 (71.4) 9 (64.3)

Multiple 4(28.6) 5(35.7)

Largest tumor size (cm) 2.9 (2.0-7.6) 6.1 (4.3-7.0) P=0.428
HBsAg P=0.699
Positive 8 (57.1) 9 (64.3)

Negative 6 (42.9) 5(35.7)

Pretransplant locoregional therapy 11 (78.6) 10 (71.4) P=0.663
Differentiation P=0.329
Well 2 (14.3) 0 (0.0)

Moderate 8 (57.1) 10 (71.4)

Poor 4 (28.6) 4 (28.6)

Vascular invasion 3(21.4) 5(35.7) P=0.403
Tumor recurrence 6 (42.9) 9 (64.3) P=0.256

Data are presented as #n (%) or median (IQR).

of OS after LT in patients with iCCA (hazard ratio (HR)
0.273, 95% confidence interval (CI) 0.082-0.908; P =0.034)
(Table 3).

4. Discussion

Compared with HCC, iCCA has a higher recurrence rate and
a worse prognosis. As such, liver transplantation for iCCA is
highly controversial. Because of high recurrence rates and
poor long-term survival, liver transplantation for iCCA has
been abandoned in most transplantation centers. While the
indications for liver transplantation for iCCA are controver-
sial. In 2016, Sapisochin et al. [15] conducted a multicenter
study that the advanced group had a higher 5-year recurrence
rate than the very early iCCA group (61% vs. 15%, respec-
tively) and lower 5-year OS (45% vs. 65%, respectively).
Therefore, appropriate selection criteria are required to
ensure a better prognosis of patients undergoing liver trans-
plantation for iCCA. At present, there is no relevant study
to explore the predictive value of SII in patients with iCCA
for LT. In this study, patients who underwent LT for iCCA

and demonstrated that a high SIT (>447.48 x 10°/L) signifi-
cantly correlated with poorer prognosis.

As mentioned earlier, some studies have shown that
inflammation factors are associated with prognosis in
patients with cancer [16-18]. SII is widely accepted to be
a new predictive marker to predict the prognosis of several
types of cancer [19-21]. However, there are few studies on
the prognosis of SII and iCCA. Although SII has been
confirmed to be related to the prognosis of iCCA, the
mechanism is not clear. SII is a systemic inflammatory
marker, which can predict the prognosis of tumor from
the level of inflammatory and immune. It has been
reported that poor prognosis are concomitant with some
inflammatory markers, such as NLR and PLR [22, 23].
Gomez et al. and Chen et al. reported that iCCA patients
with a high preoperative NLR are related to poor progno-
sis [22, 24]. Chen et al. also confirmed that high PLR was
related to poor prognosis [25].

The number of neutrophils in patients with malignant
tumors increases plays an important role in the development
of tumors [26-28]. It is reported that lymphocytes can
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F1GURE 1: Overall survival curves after LT for iCCA patients classified by (a) SII, (b) PLR, and (c) NLR; recurrence-free survival curves after LT

for iCCA patients classified by (d) SII, (e) PLR, and (f) NLR.

mediate tumor regression effectively. The mechanism of
which was realized by secreting cytokines and inducing cyto-
toxic cell death [29, 30]. In patients with intrahepatic cholan-
giocarcinoma, elevated NLR was independently associated
with poor prognosis [31]. Platelets and neutrophils can

secrete vascular endothelial growth factor (VEGE), which is
important in tumor progression [32]. It has been shown that
tumors are infiltrated by various lymphocytes, which is
related to the progress of tumor [33, 34]. Immunooncology
has become a promising approach in the field of new
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TaBLE 3: Univariate and multivariate analyses of factors related to overall survival in patients with iCCA who underwent LT.
Variables Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Gender (male vs. female) 1.452 0.422-4.997 0.554
Age (years) 1.035 0.989-1.082 0.142
Child-Pugh Class (A or B vs. C) 1.579 0.629-3.964 0.331
BMI 0.960 0.823-1.120 0.605
MELD score 1.014 0.974-1.056 0.508
HBsAg (positive vs. negative) 1.336 0.531-3.359 0.538
Differentiation (well or moderate vs. poor) 1.724 0.711-4.180 0.228
AFP (ng/mL) (>20 vs. <20) 1.656 0.217-12.66 0.627
CEA (ug/L) (>10 vs. <10) 0.292 0.091-0.937 0.038 0.713 0.170-2.997 0.645
CA19-9 (U/L) (>37 vs. <37) 0.742 0.295-1.868 0.526 1.202 0.406-3.564 0.740
Largest tumor size (cm) (>5 vs. <5) 0.399 0.157-1.011 0.053 0.689 0.192-2.470 0.567
Tumor number (multiple vs. single) 1.309 0.519-3.299 0.569 1.653 0.493-5.550 0.416
Pretransplant locoregional therapy (yes vs. no) 1.218 0.467-3.177 0.687 0.760 0.214-2.698 0.671
Vascular invasion (yes vs. no) 0.543 0.197-1.496 0.237 0.547 0.164-1.823 0.326
Tumor recurrence (yes vs. no) 5.101 1.672-15.569 0.004 3.106 0.723-13.338 0.127
SIT (>447.48) 0.311 0.122-0.792 0.014 0.273 0.082-0.908 0.034
PLR (>106.62) 0.188 0.061-0.582 0.004 0.313 0.075-1.314 0.113
NLR (>2.92) 0.269 0.099-0.729 0.01 0.496 0.146-1.689 0.262
anticancer drug development [35, 36]. PD-L1 and HHLA2  Acknowledgments

are potential immunotherapeutic targets for iCCA patients
[37, 38].

This study has several limitations. First, this was a retro-
spective, single-center analysis with a small number of
patients. Second, SII was a dynamic index in the process of
treatment and could be affected by unidentified infection
and hepatitis B infection and so on.

In conclusion, our study suggests that preoperative SII is
a simple and useful predictor of prognosis, which will help to
select more suitable iCCA patients for liver transplantation
and improve the prognosis of patients with cholangiocarci-
noma after liver transplantation.
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