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Abstract
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Background and Aims: In recent years, the clinical value of perineural invasion for prognosis
assessment and treatment decision support in patients with intrahepatic cholangiocarcinoma (ICC) has
been increasingly recognized. There is growing evidence that adjuvant chemotherapy can improve the
prognosis of ICC patients. However, there remains some controversy regarding whether adjuvant
chemotherapy can effectively improve the overall survival (OS) of ICC patients with perineural invasion.
Therefore, this study was performed to explore the risk factors for perineural invasion in ICC and
analyze the efficacy of adjuvant chemotherapy for patients with concurrent perineural invasion, so as to
provide support for clinical decision-making.

Methods: The clinicopathologic data of 259 patients who underwent curative-intent resection for ICC in
the Department of Hepatobiliary Surgery of the First Affiliated Hospital of Xi'an Jiaotong University
from January 2013 to December 2022 were retrospectively collected. The risk factors for perineural
invasion in ICC patients, factors influencing postoperative prognosis of patients, and the impact of
adjuvant chemotherapy on prognosis were analyzed.

Results: Among the 259 patients, 17.7% (46/259) had concomitant perineural invasion. The median OS
time for patients without perineural invasion was 25.0 months, with 1-, 3-, and 5-year overall survival
rates of 71.3%, 38.2%, and 26.6%, respectively. For patients with perineural invasion, the median OS
time was 10.0 months, with 1-, 3-, and 5-year overall survival rates of 39.1%, 21.4%, and 0.0%,
respectively. The difference in survival rates between the two groups was statistically significant (*=
8.400, P=0.004). The preoperative total bilirubin level, CEA level, CA19-9 level, viral hepatitis,
intrahepatic stones, liver function Child-Pugh classification, tumor location, tumor size, vascular
invasion, N stage, and TNM stage were significantly associated with perineural invasion in ICC (all P<
0.05). CA19-9 level (OR=2.265, 95% CI=1.061-4.833), intrahepatic stones (OR=4.064, 95% CI=1.809—
9.130), vascular invasion (OR=3.286, 95% CI=1.551-6.964), and N stage (OR=2.365, 95% CI=1.149-
4.869) were independent risk factors for perineural invasion in ICC (all P<0.05). Prognostic analysis
showed that CA19-9 level (HR=1.615, 95% CI=1.142-2.283), intrahepatic bile duct stones (HR=2.093,
95% CI=1.401-3.127), vascular invasion (HR=1.563, 95% CI=1.032-2.367), perineural invasion (HR=
2.120, 95% CI=1.392-3.229), and N stage (HR=2.304, 95% CI=1.320-4.022) were independent risk
factors for OS after curative-intent resection for ICC (all P<0.05), while adjuvant chemotherapy was an
independent protective factor for overall survival after ICC surgery (HR=0.533, 95% CI=0.369-0.770,
P<0.05). Further analysis showed that adjuvant chemotherapy could effectively prolong the median OS
time in both the entire group of ICC patients and those with perineural invasion (both P<0.05), but its
effect on prolonging median OS time in ICC patients without perineural invasion was not significant
(P>0.05).

Conclusion: CA19-9 level, intrahepatic stones, vascular invasion, and N stage are closely related to
perineural invasion in ICC. Patients with concomitant perineural invasion have poorer postoperative
prognosis, but adjuvant chemotherapy can effectively improve the prognosis of such ICC patients.
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Figure 2 Survival curves in ICC patients with and without

perineural invasion
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Table 1 Univariate analysis of factors for perineural invasion in patients with ICC [n (%)]

Uz STk
[SES X’z P
& =
el
5 115(54.0) 21(45.7)
1.055 0.304
i 98(46.0) 25(54.3)
AR ()
<60 113(53.1) 22(47.8)
0.414 0.520
>60 100(46.9) 24(52.2)
ARATEABLTZE (umol/L)
<34.1 195(91.5) 36(78.3)
6.928 0.008
>34.1 18(8.5) 10(21.7)
CEA (ng/mlL.)
<5.0 162(76.1) 27(58.7)
5.781 0.016
>5.0 51(23.9) 19(41.3)
CA19-9(U/mL)
<39.0 107(50.2) 12(26.1)
8.882 0.003
>39.0 106(49.8) 34(73.9)
CA125(U/mL)
<35.0 146(68.5) 29(63.0)
0.522 0.470
>35.0 67(31.5) 17(37.0)
SR PEIT %
¥ 136(63.8) 38(82.6)
6.038 0.014
H 77(36.2) 8(17.4)
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Table 1 Univariate analysis of factors for perineural invasion in patients with ICC [n (%)] (continued)

AR SS A
o 188(88.3) 31(67.4)
12.620 <0.001
el 25(11.7) 15(32.6)

figeg o7
Zent 100(46.9) 29(63.0)
3.920 0.048
i 113(53.1) 17(37.0)
SRR
ok 14(6.6) 2(4.3)
bk 114(53.5) 32(69.6) —1.404 0.160
{554k 85(39.9) 12(26.1)

JibgE K/ (em)
<5.0 113(53.1) 32(69.6)
4.186
>5.0 100(46.9) 14(30.4)

0.041

JikE =40
w 177(83.1) 39(84.8)
& 36(16.9) 7(15.2) 0077 0781
CooEmmE
T 43441
T1~T2 131(61.5) 24(52.2)
T3 48(22.5) 9(19.6) -1.525 0.127
T4 34(16.0) 13(28.3)
oM
TNM 73+
&1 75(35.2) 9(19.6)
1 35(16.4) 7(15.2) 886 0.004
TIIA 34 40(18.8) 5(10.9)
B3 63(29.6) 25(54.3)
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Table 2 Multivariate analysis of factors for perineural invasion in patients with ICC

S B SE Wald OR 95% CI P
CA19-9(>39.0 U/mL vs. <39.0 U/mL.) 0.817 0.387 4.467 2265 1.061~4.833 0.035
N REAE 45 G vs. ) 1.402 0.473 11.525 4.064 1.809~9.130 0.001
MR GRvs. 75) 1.190 0.383 9.645 3.286 1.551~6.964 0.002
NI (N1 vs. NO) 0.861 0.368 5.456 2.365 1.149~4.869 0.019
2.3 ICCEEERMERIAAREOS A Wi ICC H 7 10 PE R 5 0S 81 5 2 <7 /G 16 I £ (1

Z N &K Cox M HFLRI /3 HT 7R, CA19-9 /KF- | P<0.05), B fBIT SR ICC B E AR5 0S 1 %) i
AP 540 . SR . MERE . N e SRR E (P<0.05) (£3),

®3 FWICCEEAMERIAREHARZRMNE EZE Cox ERRE ST

Table 3 Univariate and multivariate Cox regression model analysis of influencing factors for prognesis in patients with ICC

= e EZSEvii
HR(95% CI) P HR(95% CI) P

PR (L vs. ) 0.891(0.658~1.208) 0.458 — —
AFHE (565 4 vs. <65 %) 0.975(0.720~1.320) 0.869 — —
AR ST 2 (>34.1 wmol/L vs. <34.1 pmol/L) 2.057(1.341~3.154) 0.014 — —
CEA(>5.0 ng/mL vs. <5.0 ng/mL) 1.679(1.214~2.321) 0.002 — —
CA19-9(>39.0 U/mL vs. <39.0 U/mL) 1.856(1.356~2.539) <0.001 1.615(1.142~2.283) 0.007
CA125(>35.0 U/mL vs. <35.0 U/ml.) 2.171(1.590~2.965) <0.001 — —
SRR 2 (1 s, TE) 1.051(0.765~1.445) 0.759 — —
JFPMIRAESS A (£ vs. C) 1.784(1.217~2.616) 0.003 2.093(1.401~3.127) <0.001
JFYIBE Child-Pugh 434% (B 2% vs. A9%) 2.369(1.627~3.450) <0.001 — —
FEOIBR v R CEATAT R vs. FFBL) 1.431(1.051~1.947) 0.023 — —
R o A i vs. Z20)) 0.819(0.665~1.110) 0.199 — —
IR g B (2K vs. LK) 1.939(1.370~2.744) <0.001 — —
TR LR

LA T 2.246(0.983~5.134) 0.055 — —

KoMk vs. F5ME 2.958(1.285~6.811) 0.011 — —
S PR (AR RS vs. ) 1.658(0.839~3.251) 0.146 — =
JifJeg K /N(>5.0 em vs. <5.0 cm) 1.394(1.030~1.888) 0.032 — —
MAFAL G2 vs. 75) 1.513(1.005~2.149) 0.021 — —
WKERIL O vs. 75) 1.575(1.070~2.320) 0.021 1.563(1.032~2.367) 0.035
PHZEEEE O vs. 75) 1.727(1.181~2.527) 0.005 2.120(1.392~3.229) <0.001
WHRVIZE (R, vs. R)) 1.852(1.154~2.971) 0.011 — —
T 43-40]

T3 vs. TI-T2 1.696(1.184~2.429) 0.004 — —
T4 vs. TI-T2 2.280(1.553~3.345) <0.001 — —
N33 (N1 vs. NO) 3.446(2.478~4.796) <0.001 2.304(1.320~4.022) 0.003

TNM 434
11 vs. T 1.457(0.850~2.500) 0.171 — —
A ] vs. T 2.160(1.356~3.442) 0.001 — —
B ] vs. B 3.945(2.640~5.897) <0.001 — —
ALY O vs. #5) 0.697(0.491~0.990) 0.044 0.533(0.369~0.770) 0.001
2.4 HBhLSFITICC EF OS B E M4 4 250 M A (x*=4.245, P<0.05) ([#13A). #E—4

250 BT R MEARIG AR B ICC I, REZH Hrdl By xb T2 & 600 ph & R i 835 BUS 1532
Bl ARy Rz 52 5 B AL T7 & 62 OS I 1] 23 331 24 19.0 Wi, F5REN, JOM 2R R S B AT
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Figure 3 OS curves of ICC patients with and without postoperative adjuvant chemotherapy A: Entire group of patients;

B: Patients without perineural invasion; C: patients with perineural invasion
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