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An Integrated Nomogram Combining Clinical Factors and
Microtubule-Associated Protein 1 Light Chain 3B Expression to Predict
Postoperative Prognosis in Patients with Intrahepatic Cholangiocarcinoma

Liang Chen, MD'? Purpose
Hongyuan Fu MD'3 Microtubule-associated protein 1 light chain 3B (LC3B) serves as a key component of auto-
: 12 phagy, which is associated with the progression of carcinoma. Yet, it is still unclear whether
Tongyu Lu, MD" _ , , ) . ! . .
Jianve Cai. MD'2 LC3B is also an independent risk factor for intrahepatic cholangiocarcinoma (ICC). We aim
_y_ ! to explore the predictive value of LC3B on prognosis of ICC, and to establish a novel and
Weil 2
. el Liu, Pth available nomogram to predict relapse-free survival (RFS) and overall survival (OS) for these
Jia Yao, MD" patients after curative-intent hepatectomy.
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Hui Zha?o MD‘% Materials and Methods
Jiebin Zh'an MD'2 From August 2004 to March 2017, 105 ICC patients were eligibly enrolled in the Third
g 0 Affiliated Hospital of Sun Yat-sen University. Preoperative clinical information of enrolled
me Zh?ng' MD* " patients was collected. Expression LC3B in the ICC specimen was detected by immunohis-
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second com-
mon primary hepatic malignancy which accounts for 10%-
20% and arises from the endothelial cells of intrahepatic bile
duct [1,2]. Although a reported incidence of ICC remained
rare with 0.95/100,000 in the United State and 0.5-3.4/
100,000 in Western Europe, the morbidity has been increas-
ing over the past decade [3]. To date, surgical resection is still
the mainstay of curative approach for ICC [4,5]. Unfortu-
nately, prognosis of ICC is poor due to a high incidence of
local relapse and/or distant metastasis after liver resection
[6-8]. Therefore, the accurate prediction of tumor biologic
behavior after surgery is crucial for guiding individualized
post-operative therapy and improving ICC survival out-
comes.

Autophagy, an intracellular catabolic mechanism, is an
important biological process for maintaining cellular home-
ostasis by trapping and further degrading the long-lived
organelles and proteins [9]. Previous studies showed that
autophagy was liked a two-edged sword that was beneficial
to cell survival with its ability to suppress apoptosis, while
led to the initiation and development of diseases, including
neurodegenerative diseases and autoimmune disorders
[10,11]. In response to chemotherapy, hypoxia and nutrient
deprivation, tumor cells activate autophagy, which main-
tains cell survival as well as strengthens their ability of
metastasis and therapeutic resistance [12,13]. Increasing
number of researches have demonstrated the correlation
between autophagic activity and tumor characteristics and
detected the autophagy-related proteins expression in tumor
specimen to analyze patients’ clinical outcomes. Microtu-
bule-associated protein 1 light chain 3B (LC3B) is an impor-
tant protein of the autophagic process which participates in
the formation of autophagosomal membranes. LC3B is a
marker for evaluating functional basal autophagy and is
believed to be upregulated in several cancer types [14,15].
Other studies have shown that high LC3B expression was
significantly associated with poor survival outcomes of
patients with gastric cancer, breast cancer and colorectal can-
cer [15,16]. Mechanically, LC3B may play an important role
in maintaining the stemness of cancer cells [17]. Tumor pro-
gression and metastasis is regulated by LC3B-mediated
macrophagy [18,19]. However, it is still unclear that whether
LC3B plays a predictive role for early metastasis and post-
operative survival of ICC patients.

Nomogram is a statistical model specifically used for indi-
vidualized prediction of clinical decision making with quan-
tization and incorporation of independent risk variables.
Nomogram has also been widely developed to individually
prediction accuracy of various cancer types, and presented

470 CANCER RESEARCH AND TREATMENT

more advantage over the traditional staging systems. Recen-
tly, both Wang et al. [20] and Hyder et al. [21] reported accu-
rate nomograms to predict long-term prognostic outcomes
after hepatectomy for ICC with large sample size from a sin-
gle center and multicenter, respectively. However, these
nomograms were constructed only integrating clinicopatho-
logic variables other than significant biomarkers. In this
study, we analyzed LC3B expression in ICC specimens by
immunohistochemical (IHC) analysis and detected its corre-
lation with relapse-free survival (RFS) and overall survival
(OS) of ICC patients after surgery. In addition, we screened
the independent predictors of clinical information and estab-
lished nomograms integrating clinicopathologic variables
and LC3B expression. To compare its efficacy of prognostic
prediction, we aim to develop highly sensitive models which
based on specific pathologic biomarkers to predict RFS and
OS of ICC patients who recovered from a curative intended
resection.

Materials and Methods

1. Patients and tissue specimens

In this study, we collected ICC specimen from 105 consec-
utive patients with ICC who underwent curative intended
hepatectomy from August 2004 to March 2017 at the Third
Affiliated Hospital of Sun Yat-sen University (Guangzhou,
China). All tumor specimens were histologically confirmed
as ICC by a pathologist. Staging was determined following
the seventh edition of the American Joint Committee on Can-
cer (AJCC) staging of ICC. Detailed information, including
demographic, clinic and imagology data as well as neutro-
phil, lymphocyte, monocyte, platelet count, and serum can-
cer antigen 125 (CA-125), from enrolled patients before sur-
gery were obtained from handwritten and electronic medical
records. The patients were excluded, which suffered from
acute condition, including viral or bacterial infections, mas-
sive hemorrhage and a histology of taking hematopoietic
drugs before surgery. Neutrophil /lymphocyte ratio (NLR)
was calculated as (absolute neutrophil count)/ (absolute lym-
phocyte count).

2. Follow-up

After operation, the enrolled patients regularly received
follow-up in the outpatient of the Third Affiliated Hospital
of Sun Yat-sen University once every 3 months in the first
two years and then every 6 months thereafter. A detail his-
tology and a physical examination were routinely carried out
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at each of the follow-up appointments. The levels of serum
a-fetoprotein, CA-125, and carcinoembryonic antigen (CEA)
and liver function tests in peripheral venous blood were
detected, and abdominal ultrasound was performed. Mag-
netic resonance imaging or plain/enhanced abdominal com-
puted tomography (CT) scans was carried out once every 6
months. In addition, enhanced CT/ positron emission tomog-
raphy CT scan for lung or bone scan was carried out imme-
diately when distant metastasis was suspected. RFS and OS
were considered as the primary endpoints. RFS was calcu-
lated as the interval period between surgery and last tumor
investigation/last follow-up/relapse/death, while OS was
defined as the date of liver resection to the time of death or
last follow-up.

3. Immunohistochemistry and quantification of LC3B
expression

Four-micrometer-thick paraffin-embedded ICC sections
were made and stained with hematoxylin and eosin for con-
firming specimen integrity. To perform immunohistochem-
istry, the sections were deparaffinized, rehydrated and
repaired by ethylenediaminetetraacetic acid (pH 8.0). The
peroxidase activity in tissues was quenched using 3% H:Ox.
The sections were incubated with bovine serum albumin to
block nonspecific antibody for 30 minutes. The primary
antibody (LC3B, 1:200, Abcam, Cambridge, MA) was used
to treat the sections at 4°C overnight. After washed twice
with phosphate buffer saline and incubated with secondary
antibody (Dako, Carpinteria, CA) for 30 minutes at 37°C, the
samples were observed under a light microscope (Leica, Wet-
zlar, Germany) by treating with diaminobenzidine.

Immunostaining analysis was performed by two inde-
pendent observers (L. Chen and H. Fu) according to previous
study [22]. Sections were graded according to percent stain-
ing (score of 0 to 4 points: 0 points, 0%; 1 points, 1%-5%; 2
points, 6%-10%; 3 points, 11%-50%; 4 points, > 50%) and
intensity (scale of 0 to 3 points: 0 points, none; 1 points, weak;
2 points, moderate; 3 points, marked). The immunochemical
score was calculated as the product of staining and intensity,
which was similar to the immune-reactive score from Rem-
mele and Stegner [23]. For further analysis, the IHC score
were stratified into “low” or “high” expression based on the
optimal cut-off value with best sensitivity and specificity.

4. Statistical analysis

We used SPSS ver. 20.0 (IBM Corp., Armonk, NY) and R
software ver. 3.4.4 (Institute for Statistics and Mathematics,
Vienna, VIC, Austria) to conduct the following analysis. The
continuous variables were expressed as median (interquar-
tile range) and compared by Students t test or the Mann-

Whitney U test for variables with an abnormal distribution.
The categorical variables were compared by chi-square test.
Survival analysis was performed using Kaplan-Meier method
and log-rank method was used to test the differences bet-
ween groups. Univariable and multivariable Cox propor-
tional hazard regression models were used to analyze the OS
and RFS of patients with ICC, in which hazards ratio and
95% confidence interval (CI) were shown.

Nomogram for final prognostic factors associated with 1-,
3-, and 5-year survival was established. The performance of
the nomograms was evaluated by calibration curve and area
under the curve (AUC), and were evaluated by comparing
Kaplan-Meier estimates predicted by nomogram and obser-
ved survival probabilities, and 1,000-resampled bootstrap is
applied to these activities. The optimal cut-off points of the
NLR and total points of nomogram were determined by
using the X-tile software ver. 3.6.1 (Yale University, New
Haven, CT). All the tests were two sides and p < 0.05 were
considered to be statistically significant.

5. Ethical statement

The study was approved by the Clinical Research Ethic
Committee of the Third Affiliated Hospital of Sun Yat-sen
University (2017-065-01), and all patients signed the infor-
med consent to participate in this study.

Results

1. Patients’ baseline characteristics

The baseline characteristics of enrolled patients are listed
in Table 1. Data from 105 patients with ICC who met the
eligible criteria were included in this study. Patients” average
age was 57.0 years (range, 49.0 to 64.0 years). Mean tumor
diameter was 5.3 cm. Patients with hepatitis B virus infection
accounted for 40%. Based on the histological features, 25 pati-
ents (23.8%) had lymph node metastasis (LNM), 33 (31.4%)
had vein invasion, 20 (19.0%) had adjacent tissue infiltration.
And the mean RFS time was 8.0 months (range, 4.0 to 20.0
months). The 1-, 3-, and 5-year RFS rates were 43.3%, 23.9%
and 15.7%, respectively. The median OS time was 15.0
months (range, 8.0 to 36.5 months). The 1-, 3-, and 5-year OS
rates were 62.6%, 37.2% and 29.6%, respectively. Positive
expression of LC3B was mainly located in the neoplastic
parenchyma (Fig. 1). The patients were stratified into low (79
patients) and high (26 patients) LC3B expression (Table 2).
Kaplan-Meier survival curves were performed and it was
indicated that high level of LC3B expression in tumor sec-
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Table 1. Baseline characteristics of ICC patients

Variable Value (n=105)

Sex

Male 60 (57.1)

Female 45 (42.9)
Age (yr) 57.0 (49.0-64.0)
Hepatitis virus infection

HBV 42 (40.0)

HCV 2(1.9)
Peripheral blood cells (x10°/L)

Neutrophils (x10?/L) 4.17 (3.23-5.48)

Lymphocytes (x10°/L) 1.75 (1.47-2.10)

NLR 2.34 (1.68-3.59)
ALT (U/L) 25.0 (17.0-42.5)
AST (U/L) 28.0 (22.0-41.0)
GGT (U/L) 64.0 (34.5-113.0)
Albumin (g/L) 38.9 (36.0-41.8)
TBIL (umol/L) 12.8 (10.3-19.5)

Serum tumor markers

CA-199 (U/mL) 50.99 (20.53-152.35)

CEA (g/L) 2.16 (1.40-3.74)

CA-125 (U/mL) 20.02 (14.28-36.19)

AFP (ng/mL) 3.56 (2.52-7.04)
Diameter (cm) 5.3 (4.2-7.5)
Tumor number

1 78 (74.3)

2 6(5.7)

g 1(1.0)

>3 20 (19.0)
Tumor location

Left hemi liver 47 (44.8)

Right hemi liver 49 (46.7)

Left and right hemi liver 9 (8.6)
Hepatolithiasis

Positive 21 (20.0)

Negative 84 (80.0)
Vein invasion

Positive 33 (31.4)

Negative 72 (68.6)
TNM (AJCC, 2010)

I 33(31.4)

I 31 (29.5)

1II 26 (24.8)

I\ 15 (14.3)
Differentiation

Well 12 (11.4)

Moderate 62 (59.0)

Poor 31 (29.5)
Surgical margin

Positive 15 (14.3)

Negative 90 (85.7)
(Continued)
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Table 1. Continued

MVI
Positive 27 (25.7)
Negative 78 (74.3)
LNM
Positive 25 (23.8)
Negative 80 (76.2)
Adjacent tissue infiltrated
Positive 20 (19.0
Negative 85 (81.0)
0OS (%)
1-Year 62.6
3-Year 37.2
5-Year 29.6
RFS (%)
1-Year 433
3-Year 23.9
5-Year 15.7

Values are presented as number (%) or median (range)
unless otherwise indicated. ICC, intrahepatic cholangio-
carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus;
NLR, neutrophil-to-lymphocyte ratio; AST, aspartate ami-
notransferase; ALT, alanine aminotransferase; GGT, gam-
ma glutamyl transpeptidase; TBIL, total bilirubin; CEA,
carcinoembryonic antigen; CA-125, cancer antigen 125;
AFP, o-fetoprotein; AJCC, American Joint Committee on
Cancer; MVI, microvascular invasion; LNM, lymph node
metastasis; OS, overall survival; RFS, relapse-free survival.

tions associated with poorer OS (log-rank, p=0.001) and ear-
lier relapse (log-rank, p < 0.001) (Fig. 1).

2. Prognostic factors for OS and RFS

Univariate analyses were performed to investigate the pre-
dictive role of LC3B expression in patients’ survival after sur-
gery (Tables 3 and 4). It is showed that high LC3B expression
was an independent prognostic biomarker for both OS (haz-
ard ratio [HR], 2.33; 95% CI, 1.41 to 3.86; p=0.001) and RFS
(HR, 2.70; 95% CI, 1.65 to 4.43; p < 0.001). Other significant
predictive factors for OS include CEA (HR, 2.32; 95% CI, 1.35
to 3.99; p=0.002), CA-125 (HR, 3.80; 95% CI, 2.24 to 6.43; p <
0.001), NLR (HR, 2.69; 95% CI, 1.62 to 4.46; p < 0.001), tumor
size (HR, 2.27; 95% CI, 1.31 to 3.95; p=0.004), tumor-node-
metastasis (TNM) stage (HR, 2.16; 95% CI 1.33 to 3.51;
p=0.002), the number of tumor nodules (HR, 1.39; 95% CI,
1.06 to 1.82; p=0.018), LNM (HR, 2.32; 95% CI 1.36 to 3.96;
p=0.002), surgical margin (HR, 2.40; 95% CI, 1.29 to 4.44;
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Table 2. The expression level of LC3B in ICC tumor tissues (n=105)

Low expressed

Antigen

High expressed

Negative
LC3B 16 (15.2)

Weak Moderate
63 (60.0) 21 (20.0) 5 (4.8)

Strong

Values are presented as numbers of patients (%). LC3B, microtubule-associated protein 1 light chain 3B; ICC, intrahepatic

cholangiocarcinoma.

C
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Fig. 1. Representative immunohistochemistry samples (x200) of low (A) and high (B) microtubule-associated protein 1 light
chain 3B (LC3B) expression in intrahepatic cholangiocarcinoma patients and Kaplan-Meier analysis of overall survival (OS)
(C) and relapse-free survival (RFS) (D) for patients with low and high expressed LC3B after surgery.

p=0.005), and microvascular invasion (MVI) (HR, 2.82; 95%
CI, 1.67 to 4.74; p < 0.001) were independent risk factors.
Besides, other significant predictive factors for RFS include
CEA (HR, 1.78; 95% CI, 1.00 to 3.17; p=0.048), CA-125 (HR,
2.91;95% CI, 1.63 to 5.19; p < 0.001), NLR (HR, 2.83; 95% CI,
1.75 to 4.6; p < 0.001), tumor size (HR, 2.70; 95% CI, 1.65 to
4.43; p=0.007), TNM stage (HR, 2.40; 95% CI, 1.48 t0 3.89; p <
0.001), the number of tumor nodules (HR, 1.70; 95% CI, 1.31
to 2.21; p < 0.001), LNM (HR, 2.66; 95% CI, 1.53 to 4.63;
p=0.001), tumor differentiation (HR, 1.87; 95% CI, 1.17 to 2.98;
p=0.009), and MVI (HR, 2.88; 95% CI, 1.7 to 4.88; p < 0.001).

Next, multivariate regression analyses indicated that a
high expression of LC3B was also an unfavorable predictor
of RFS (HR, 3.43; 95% CI, 1.87 to 6.29; p < 0.001) and OS (HR,

2.16; 95% CI, 1.22 to 3.84; p=0.009). Other independent pre-
dictors for RFS and OS includes CA-125, LNM, and MVI.
However, NLR (HR, 1.87; 95% CI, 1.09 to 3.18; p=0.022) and
tumor differentiation (HR, 1.82; 95% CI, 1.10 to 3.02; p=0.019)
were statistically significant for RFS but not OS.

3. Validation of predictive ability of the nomogram for OS
and RFS

To provide the surgeon with a quantitative approach to
predict ICC patients’ probability of 1-, 3-, and 5-year OS, we
developed a nomogram which incorporated four independ-
ent prognostic factors (CA-125, LNM, MVI, and LC3B expre-
ssion). Meanwhile, according to the results of Cox regression
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Table 3. Univariate and multivariate analyses for OS in ICC patients (n=105)

Univariate analysis Multivariate analysis

Variable THR  95% CI  ovalue

95% CI p-value 95% CI p-value
Sex 0.73 0.45-1.18 0.200 - - -
Age (> 60 yr vs. < 60 yr) 0.79 0.48-1.29 0.343 2 2 ]
HBV 0.66 04-1.1 0.110 - - -
CEA (>5.0 ug/L vs. < 5.0 ug/L) 2.32 1.35-3.99 0.002 - - 0.426
CA-199 (>35U/mL vs. <35 U/mL) 1.08 0.65-1.79 0.762 - - -
CA-125 (>35 U/mL vs. <35 U/mL) 3.80 2.24-6.43 < 0.001 3.00 1.67-5.39 < 0.001
AFP (>8.1 ng/mL vs. < 8.1 ng/mL) 0.78 0.44-1.41 0.418 - - -
NLR (> 2.32 vs. < 2.32) 2.69 1.62-4.46 < 0.001 - - 0.348
Diameter (> 5 cm vs. <5 cm) 2.27 1.31-3.95 0.004 - - 0.468
TNM (III+1V vs. I+1II) 2.16 1.33-3.51 0.002 - - 0.386
No. of tumors (> 1 vs. 1) 1.39 1.06-1.82 0.018 - - 0.612
Vascular invasion 1.14 0.69-1.9 0.609 - - -
LNM 2.32 1.36-3.96 0.002 2.00 1.129-3.542 0.017
Surgical margin 240 1.29-4.44 0.005 - - 0.121
Differentiation (well/moderate vs. poor) 1.56 0.96-2.53 0.070 - - -
MVI 2.82 1.67-4.74 < 0.001 2.16 1.19-3.92 0.011
LC3B (high vs. low) 2.33 1.41-3.86 0.001 2.16 1.22-3.84 0.009

08, overall survival; ICC, intrahepatic cholangiocarcinomas; HR, hazard ratio; CI, confidence interval; HBV, hepatitis B
virus; CEA, carcinoembryonic antigen; CA-125, cancer antigen 125; AFP, a-fetoprotein; NLR, neutrophil-to-lymphocyte ratio;
LNV, lymph node metastasis; MVI, microvascular invasion; LC3B, microtubule-associated protein 1 light chain 3B.

Table 4. Univariate and multivariate analyses for RFS in ICC patients (n=105)

Univariate analysis Multivariate analysis

Variable _—

95% CI p-value 95% CI p-value
Sex 1.09 0.68-1.75 0.708 - - -
Age (> 60 yr vs. < 60 yr) 1.05 0.65-1.67 0.853 - - -
HBV 0.83 0.52-1.34 0.449 - - -
CEA (>5.0 ug/L vs.<5.0 pg/L) 1.78 1.00-3.17 0.048 - - 0.860
CA-199 (>35U/mL vs. <35 U/mL) 1.05 0.65-1.71 0.840 - - -
CA-125 (>35U/mL vs. <35 U/mL) 291 1.63-5.19 <0.001 3.03 1.59-5.75 0.001
AFP (>8.1ng/mL vs. <8.1ng/mL) 0.84 0.48-1.47 0.537 - - -
NLR (>2.32 vs. < 2.32) 2.83 1.75-4.6 <0.001 1.87 1.09-3.18 0.022
Diameter (> 5 cm vs. <5 cm) 2.02 1.21-3.37 0.007 - - 0.521
TMN (III+1V vs. T+I) 2.40 1.48-3.89 <0.001 - - 0.327
No. of tumors (>1 vs. 1) 1.70 1.31-2.21 <0.001 - - 0.064
Vascular invasion 1.40 0.86-2.28 0.173 - - -
LNM 2.66 1.53-4.63 0.001 2.89 1.43-5.86 0.003
Surgical margin 1.77 0.96-3.24 0.066 = = =
Differentiation (well/moderate vs. poor) 1.87 1.17-2.98 0.009 1.82 1.1-3.02 0.019
MVI 2.88 1.7-4.88 <0.001 2.99 1.63-5.5 <0.001
LC3B (high vs. low) 2.70 1.65-4.43 <0.001 3.43 1.87-6.29 <0.001

RFS, relapse-free survival; ICC, intrahepatic cholangiocarcinomas; HR, hazard ratio; CI, confidence interval; HBV, hepatitis
B virus; CEA, carcinoembryonic antigen; CA-125, cancer antigen 125; AFP, a-fetoprotein; NLR, neutrophil-to-lymphocyte
ratio; LNM, lymph node metastasis; MVI, microvascular invasion; LC3B, microtubule-associated protein 1 light chain 3B.
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Fig. 2. The nomogram for predicting overall survival of intrahepatic cholangiocarcinoma patients after surgery. CA-125,
cancer antigen 125; LC3B, microtubule-associated protein 1 light chain 3B; MVI, microvascular invasion; LNM, lymph node
metastasis; OS, overall survival; RFS, relapse-free survival.
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Fig. 3. The nomogram for predicting relapse-free survival of intrahepatic cholangiocarcinoma patients after surgery. CA-
125, cancer antigen 125; NLR, neutrophil-to-lymphocyte ratio; LNM, lymph node metastasis; MVI, microvascular invasion;
LC3B, microtubule-associated protein 1 light chain 3B.
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Fig. 4. The calibration curves for predicting patients’ postoperative survival. (A) 1-Year overall survival (OS). (B) 1-Year
recurrence-free survival (RFS). (C) 3-Year OS. (D) 3-Year RFS. (E) 5-Year OS. (F) 5-Year RFS.

analysis, LC3B expression, CA-125, NLR, LNM, tumor dif-
ferentiation and MVI were exhibited as significant predictor
for RFS. Thus, we also created a nomogram to predict the 1-,
3-, and 5-year RFS integrating the above six independent
indicators. To use these nomograms, a vertical line is firstly
drawn from the top Point row to the points for each variable.
Then, the total points are added up to obtain the 1-, 3-, and
5-year OS and 1-, 3-, and 5-year RFS, respectively (Figs. 2, 3,
S1 and S2 Tables). In addition, the calibration curves for pro-
bability of 1-year (Fig. 4A), 3-year (Fig. 4B), 5-year (Fig. 4C)
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OS and 1-year (Fig. 4D), 3-year (Fig. 4E), 5-year (Fig. 4F) RFS
showed satisfactory accordance between nomogram predic-
tion and actual observation.

4. Predictive performance of the nomogram in stratifying
risk of patients

To further analyze the discrimination ability of the nomo-
grams, X-tile software was used to determine the optimal
cut-off values for total points of each patient gained from the
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Fig. 5. Kaplan-Meier postoperative survival analysis of overall survival (OS) and relapse-free survival (RFS) according to
TNM staging (A, B) and three risk groups stratified by individual total points of nomograms for intrahepatic cholangiocar-
cinoma patients (C, D) respectively.
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Fig. 6. Sensitivities and specificities for the nomograms and other independent risk factors for postoperative survival of
intrahepatic cholangiocarcinoma patients. (A) Area under the curve (AUC) was compared among the nomogram for overall
survival (OS), cancer antigen 125 (CA-125), microtubule-associated protein 1 light chain 3B (LC3B), microvascular invasion
(MVI), and lymph node metastasis (LNM). (B) AUC was compared among the nomogram for RFS, neutrophil-to-lymphocyte
ratio (NLR), LC3B, tumor differentiation, LNM, MVI, and CA-125.
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OS and RFS nomogram. Then the patients were divided into
three subgroups (for OS: low risk, 0-62.0; intermediate risk,
62.1-78; and high risk, > 78; for RFS: low risk, 0-82.0; inter-
mediate risk, 82.1-177.0; and high risk, > 177.0) (S3 Fig.).
There was significant distinction between Kaplan-Meier
curves for OS and RFS risk stratified by the nomogram total
points compared with TNM stage (Fig. 5).

5. Comparison of predictive abilities for OS and RFS bet-
ween nomogram and independent risk factors

Subsequently, we plotted the receiver operating character-
istic (ROC) curves for the OS and RFS risk stratified by the
nomogram total points, compared to the ROC curves for
each independent prognostic factor. The calculated AUC was
0.820 for OS and 0.747 for RFS, which were significantly
higher than other independent risk factors (p < 0.05) (Fig. 6).
These results suggested that the high discrimination ability
of the nomogram for OS and RFS of ICC patients.

Discussion

It is well known that poor prognostic outcome of ICC pati-
ents is attributed to locoregional relapse and/or distant
metastasis with limited effective therapies. Autophagy, an
evolutionarily catabolic bio-process to degrade intracellular
proteins and organelles, was increasingly demonstrating its
roles in tumor initiation and development. In this study, we
evaluated the correlation between autophagy-related protein
expression in ICC and prognostic outcomes.

To our best knowledge, this is the first study to demon-
strate LC3B is an independent predictive biomarker for OS
and RFS in ICC patients. High-expressed LC3B was signifi-
cantly associated with poor tumor differentiation, TNM stage,
early relapse and unsatisfactory long-term survival. Based
on the LC3B expression, we further developed nomograms
for stratifying ICC patients and generating therapeutic strat-
egy after hepatectomy.

The role of autophagy in tumor cell-fate decisions is still
widely discussed. In the early stage, autophagy mainly
played an important role in suppressing tumorigenesis [24],
whereas it was also maintained tumor cells survival under
stressful conditions, such as hypoxia, anticancer therapy and
nutrient deprivation [12,24]. In the colorectal cancer resear-
ches, inhibition of autophagy by 3-methyladenine or knock-
downing autophagy-related protein 7 (Atg7) could signifi-
cantly strengthen the cytotoxicity of 5-fluorouracil [25]. And
Zhao et al. [26] demonstrated the positive effect of autophagy
on distant metastasis of prostate cancer. In ICC, suppressed
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autophagy could enhance tumor chemosensitivity and induce
tumor cell apoptosis [27]. Moreover, autophagy is also an
inducer of epithelial-mesenchymal transition and increases
invasive ability of cholangiocarcinoma cell [28]. In addition,
owing to a high risk of relapse and unsatisfactory outcome
of ICC patients, increasing studies concentrated the biologi-
cal features of ICC. However, the relationship between auto-
phagy and the clinical outcome has not yet been explored. In
this study, we focused on the association between autophagy
and the clinical outcome of patients by IHC staining of the
autophagy-related marker LC3B in ICC specimens. LC3B is
a specific protein of autophagy, which contains two isoforms.
During the autophagic process, the soluble form LC3B (LC3B
-I) is lapidated and transforms into the lipidized form LC3B
(LC3B-II), which becomes an integral part of membrane of
autophagosomes [29]. LC3B is widely used to evaluate the
level of intracellular autophagy. Although it was hard to dis-
tinguish the isoforms of LC3B by IHC staining, previous
studies have indicated that LC3B expression was associated
with tumor survival outcome and was a common feature of
various types of cancer [30]. Chen et al. [15] enrolled 229
locally advanced breast cancers and performed IHC staining
to highlight the expression of LC3B was significantly associ-
ated with the biological behavior of anticancer therapy. Liu
etal. [31] demonstrated that the high-expressed LC3B in oral
squamous cell carcinoma contributed to cancer prognosis
and poor survival outcome. El-Mashed et al. [32] showed the
clinical significance of LC3B expression in esophageal ade-
nocarcinoma. In the current study, we showed an obvious
association between high expression of LC3B and poor clin-
ical outcome (RFS and OS) in patients with ICC after surgery.
Multivariable Cox regression analysis indicated that LC3B
expression in ICC specimen was an independent predictive
marker of RFS and OS. LC3B expression might enable strat-
ification of local relapse / distant metastasis risk in ICC pati-
ents with similar clinicopathological features.

In previous studies, different nomograms were established
to predict the risk of RFS or OS for patients with ICC after
hepatectomy. Yet, most of these studies only focused on the
clinicopathological characteristics. To date, these are the first
nomograms that established correlation between LC3B expre-
ssion in ICC tissue by IHC staining and patients’ prognostic
outcomes. Integration of clinical and laboratory as well as the
result from IHC from 115 ICC patients, we found the good
fit degrees in these nomograms on predicting RFS and OS.
Other than LC3B expression, this nomogram also included
tumor differentiation, the presence of LNM and MVI as
independent risk factors for reflecting early RFS and OS,
which were similar to previously developed stratifying mod-
els [20]. Yet, tumor size was not a factor for evaluating the
prognostic outcomes in this study, which was controversial
for a long time and, even, contained in the AJCC staging sys-
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tems [33]. This could partly explain why TNM staging did
not exhibit satisfactory discrimination in survival curves
based on different stages. Besides, NLR is incorporated in the
nomogram for predicting RFS, which comprehensively
reflecting inflammatory status. NLR is commonly identified
as an optimal prognostic factor for predicting prognostic out-
comes in various types of cancer, which present both direc-
tive and indirective roles of neutrophils in tumor develop-
ment. The increased immunosuppressive activity of neutro-
phils combined with the reduced cytotoxic activity of lym-
phocytes is universally considered to engage in tumor pro-
gression.

It is worth noting that surgical margin is one of the signif-
icant predictive factors in univariate analysis for OS, yet it is
not statistically significant in multivariate analysis. While in
univariate analysis for RFS, the p-value (0.066) of surgical
margin is not significant, though close to 0.05. The reason
could be explained by inadequate sample size of the study.
Also, it was possible that the predictive value of surgical
margin was undermined due to the confounding effect of
other more important prognostic factors.

There are several limitations in the present study. First, we
used a retrospective design with recruiting a limited number
of patients. Second, we only established stratification systems
based on LC3B-related nomogram for evaluating RFS and
OS in patients with ICC without an external validation. Fur-
thermore, the nomogram only contained one autophagy-
related marker. Indeed, the whole process of autophagy
involves multiple proteins, such as Beclinl, Atg5, and p62.
Therefore, a larger sample size clinical study from multicen-
ter is required as external validation of the nomograms.

In conclusion, the present study highlighted the IHC stain-
ing of LC3B as an evaluation of autophagy in ICC and
demonstrated LC3B as a potential prognostic pattern for pre-
dicting OS and RFS in patients with ICC after hepatectomy.

In addition, based on the biological feature of autophagy, we
established a nomogram involved LC3B expression, inflam-
matory index and clinicopathological characteristics, which
was considered as a novel stratification system to distinguish
ICC patients. It could be applied to concisely predict postop-
erative survival and assist clinicians to make better individ-
ualized treatment recommendations.
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