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Abstract

Background and Aims: Biliary tract cancers (BTCs) are highly aggressive malignancies with dismal
prognosis, for which radical resection remains the only potentially curative treatment. Laparoscopic
surgery has demonstrated superiority over open surgery in perioperative safety and recovery, yet it is
technically limited in complex operations. Robot-assisted laparoscopy, with its high-definition three-
dimensional vision and enhanced instrument dexterity, may overcome these limitations. However,
comparative evidence balancing baseline differences between laparoscopic and robot-assisted
laparoscopic radical resections for BTCs is still lacking. This study aimed to evaluate and compare their
short-term safety using propensity score matching (PSM).

Methods: A total of 151 patients with biliary tract cancers who underwent radical resection were
retrospectively enrolled from the Chinese Biliary Tract Tumor Collaborative Group database, including
128 in the laparoscopic group and 23 in the robotic-assisted laparoscopic group. To balance baseline
differences, an initial 1: 1 PSM was performed, yielding 19 laparoscopic and 19 robotic cases.
Subsequently, using the robotic group as the reference, a 1: 2 PSM was conducted, resulting in
36 laparoscopic and 18 robotic cases. Primary outcomes (conversion to open surgery, ICU admission,
and postoperative complications) and secondary outcomes (operative time, intraoperative blood loss,
transfusion, postoperative hospital stay, reoperation, readmission, and hospitalization costs) were
compared between the two groups. Multivariate regression analyses were performed to explore factors
associated with conversion to open surgery and postoperative hospital stay.

Results: After matching, baseline characteristics were well balanced between groups. For primary
outcomes, the conversion rate to open surgery was significantly higher in the laparoscopic group than in
the robotic group (41.7% vs. 0, P=0.001), while ICU admission, overall postoperative complications, and
Clavien-Dindo graded complications showed no significant differences (all P>0.05). For secondary
outcomes, the postoperative hospital stay was significantly more extended in the laparoscopic group
compared with the robotic group (18.5 d vs. 8.0 d, P=0.005), whereas operative time, intraoperative
blood loss, transfusion, reoperation, readmission, and hospitalization costs were comparable (all P>0.05).
Logistic regression for conversion did not identify statistically significant predictors, but moderately
differentiated tumors, elevated preoperative CA19-9, and higher harvested lymph node counts showed
trends toward increased risk. Multivariate linear regression revealed that robotic-assisted surgery was an
independent factor for reduced postoperative hospital stay (P=0.024), while preoperative total bilirubin
(P=0.020), longer operative time (P=0.000), postoperative complications (P=0.006), and reoperation (P=
0.005) were found to be associated with a prolonged hospital stay.

Conclusion: Robot-assisted laparoscopic radical resection for BTCs is not inferior to conventional
laparoscopy in short-term safety and may further reduce conversion rates and hospital stay. Its technical

advantages may be particularly valuable in anatomically complex or challenging cases. Nonetheless,
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cost-effectiveness and resource allocation should be considered for wider adoption.

Key words Biliary Tract Neoplasms; Laparoscopes; Robotic Surgical Procedures; Treatment Outcome; Propensity Score
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Table 1 Comparison of baseline characteristics
. PSM Hij 1:2 PSMJ&
I
- 1 B4 (n=128) B AL (n=23) T ) WA AL (n=18)
P ( %))
65(50.8) 13(56.5) 16(44.4) 11(61.1)
0.612 0.248
‘e 63(49.2) 10(43.5) 20(55.6) 7(38.9)
() 66.59+9.75 63.57+8.49 0.165 68.19+7.48 63.78+8.61 0.057
BMI [ke/m>, M(IQR)/% + 5] 22.50(21.00~24.00) 21.500(20.10~26.50)  0.625 22.70+2.77 22.98+4.14 0.797
EIAEN(%)]
= 61(47.7) 16(69.6) 21(58.3) 13(72.2)
0.053 0.319
w 67(52.3) 7(30.4) 15(41.7) 5(27.8)
HATEGI T (%)]
= 5(3.9) 3(13.0) 2(5.6) 2(11.1)
0.195 0.854
E\ 123(96.1) 20(87.0) 34(94.4) 16(88.9)
AREHI7In(%)]
AR 4(3.1) 2(8.7) 1(2.8) 1(5.6)
AN 65(50.8) 14(60.9) 19(52.8) 11(61.1)
- 0.142 0.566
RET+ARSG 2(1.6) 1(4.3) 1(2.8) 1(5.6)
X 57(44.5) 6(26.1) 15(41.7) 5(27.8)
ASA 539 n(%)]
1~2 111(86.7) 18(78.3) 32(88.9) 14(77.8)
0.461 0.498
3~6 17(13.3) 5(21.7) 4(11.1) 4(22.2)

R CA19-9 [U/mL, M(IQR)]
ARHFCA125 [U/mL, MUIQR)]
AW CEA [ng/mL,M(IQR)]
AR TBIL [pmol/L, M(IQR)]
Jbgga A n (%))

IEE 2

JHF PR AE

JHT TR R A

i I
FARITAn(%)]

HRIAPENR DI FRA

PRI AR

HOA MR DIBR + DI BR

B AR IIBRA
R, VIER[n(%)]

=

w
Ji g fe KA (em)
A0 (%)]

Jigi

HAth
A0 (%)

ik

e

ik

56(43.8)
31(24.2)
28(21.9)
13(10.2)

56(43.8)
31(24.2)
28(21.9)
13(10.2)

128(100.0)
0(0.0)
3.000(2.500~4.000)

121(94.5)
7(5.5)

70(54.7)
25(19.5)
33(25.8)

54.530(16.788~220.025) 45.370(11.670~1 000.000)

14.850(10.055~24.935)
3.750(2.535~5.285)

18.350(11.050~37.800) 19.700(13.400~27.200)

16.400(9.920~24.880)
3.210(2.050~8.560)

1(4.3)
15(65.2)

3(13.0)

4(17.4)

1(4.3)
15(65.2)

3(13.0)

4(17.4)

23(100.0)
0(0.0)
3.300(2.100~5.500)

21(91.3)
2(8.7)

15(65.2)
3(13.0)
5(21.7)

0.698 97.695(25.528~307.108) 63.000(13.725~1 134.500) 0.388

0.874 14.850(9.555~32.465)

0.543

3.980(2.168~7.555)

15.305(9.640~24.985)
2.775(1.838~4.948)

0.895 18.700(9.825~56.700) 20.450(12.575~30.900)

<0.001

<0.001

1.000

0.591

0.902

0.611

3(8.3)
21(58.3)
2(5.6)
10(27.8)

3(8.3)
21(58.3)
2(5.6)
10(27.8)

36(100.0)
0(0.0)
3.300(2.000~3.950)

34(100.0)
0(0.0)

13(36.1)
13(36.1)
10(27.8)

1(5.6)
11(61.1)

2(11.1)

4(22.2)

1(5.6)
11(61.1)

2(11.1)

4(222)

18(100.0)
0(0.0)
3.500(2.075~5.900)

17(94.4)
1(5.6)

10(55.6)
3(16.7)
5(27.8)

0.920
0.271
0.934

0.920

0.920

1.000

0.377

0.333

0.273

TE A IFAE AT BEVENT 28 I REAL I B PRIPT Mk S VB R U TebbR Sl R e BEAL R o VRN 5 5 fE 2 R I R AR M 284 A0 L M8

RAL R EEERAD R

Note: Comorbidities include viral hepatitis, liver cirrhosis, hypertension, diabetes, chronic bronchitis, emphysema, and coronary atherosclerotic heart

disease. High-risk recurrence factors include perineural invasion, vascular invasion, lymph node involvement, and tumor thrombus in vessels
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Table 1 Comparison of baseline characteristics (continued)

sh PSM fij » 1:2 PSMJ5 »
o W B4 (n=128) HLA A (n=23) T B4 (n=36) HLA AL (n=18)
HItmEfaE kHEn(%)]
= 84(65.6) 15(65.2) 23(63.9) 12(66.7)
0.970 0.840
& 44(34.4) 8(34.8) 13(36.1) 6(33.3)
WELEE (%))
2= 106(82.8) 21(91.3) 30(83.3) 17(94.4)
0.474 0.474
& 22(17.2) 2(8.7) 6(16.7) 1(5.6)
WML 25 (M, MCIQR) | 7.00(2.25~11.00) 7.50(3.00~12.00) 0.625 6.00(3.00~13.50) 7.75(4.00~11.50) 0.538
PRI L 2514, M(IQR)] 0.00(0.00~1.00) 0.00(0.00~1.00) 0.587 0.00(0.00~1.00) 0.00(0.00~1.25) 0.736

T B IFRE AR B PRI A8 JHREAR R i e BB B S A A U e tR B K R R A O IR 5 e S R R T AR M R0 L i
(E2IRUNRE 2 UN TG
Note: Comorbidities include viral hepatitis, liver cirrhosis, hypertension, diabetes, chronic bronchitis, emphysema, and coronary atherosclerotic heart

disease. High-risk recurrence factors include perineural invasion, vascular invasion, lymph node involvement, and tumor thrombus in vessels

2.2 FEEHRSHT JGE % # | Clavien-Dindo I & 5E 43 K NI~V R A J5
1:2 PSM J&, & I e 20 v &% F i 2R BH 8 3 T L HEIEEERZEZR LRI E X (B P
AN (P=0.001). PH4LE%: 1CU K . RAREIH K 0.05) (%£2),
SiE &% 4 3 . Clavien-Dindo 31 & 5E 7 P 1~ 2% A 5 IF
2 EEHERER@R (%) ]

Table 2 Comparison of primary outcomes [n (%)]

1:2 PSMJ5

€=t P
e W B4 (n=36) LG (n=18)
TR T
P 15(41.7) 0(0.0)
0.001
i 21(58.3) 18(100.0)
HICU
P 7(19.4) 2(11.1)
0.699
w 29(80.6) 16(88.9)
ARG H-KAE
= 26(72.2) 11(61.1) 0.407
75 10(27.8) 7(38.9) '
Clavien-Dindo Jf: & HiE 73 2%
I~II 7(19.4) 5(27.8) 0.728
M~V 19(52.8) 6(33.3) 0.177
2.3 REIBRSH H,ORPEagE . RAhmmEsE. —IkKFAR

1:2 PSM J&, ME B 4R I Be i a) i 2 K O TWABER . RN SAREIFEIE R
HLEs N4l (P=0.005) . PH4LlE] FARBEE . A REFEGEITHFEL (¥P0.05) (£3).
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Table 3 Comparison of secondary outcomes
_ 1:2 PSMJ5

i TR (v=36) HUR AL (=15) !
FARME ] (min, % + 5) 345.83+138.68 299.56+114.39 0.227
A i d L, M(IQR)] 200.00(100.00~400.00) 200.00(100.00~425.00) 0.728
AR AL AU, M(IQR)] 0.000(0.000~1.500) 0.000(0.000~0.000) 0.179
AR I R [mL, MCIQR)] 0.00(0.00~467.50) 0.00(0.00~92.50) 0.162
AR AR BERE[d, M(IQR)] 18.50(11.00~33.00) 8.00(5.75~18.25) 0.005
ZIRTFARR(%)]

= 3(8.3) 3(16.7)

7w 33(91.7) 15(83.3) 0.646
TIRABE(%)]

= 7(19.4) 2(11.1)

1 29(80.6) 16(88.9) 0.699
fEBEF DG, MUIQR)] 89 033.710(62 837.650~241 665.038) 124 136.130(89 328.668~175 536.773) 0.075
FFRIE (%))

ENERE 2(5.6) 2(11.1) 0.854

VNEY -2 10(27.8) 1(5.6) 0.120

L e b R 3(8.3) 0(0.0) 0.529

BT 1(2.8) 0(0.0) 1.000

TERRGIT RIE 5(13.9) 4(222) 0.699

W R G RE 3(8.3) 1(5.6) 1.000

WIR ARG KAE 4(11.1) 2(11.1) 1.000

RGO KAE 2(5.6) 1(5.6) 1.000

MRS I AAE 19(52.8) 5(27.8) 0.081

23 2R G K 1(2.8) 0(0.0) 1.000

FHiAle 11(30.6) 9(50.0) 0.163

VE AR RGO BRI AR OHSR 45 PR RGO RAE AL IR AN K iR 2 i 48 55 3 W IR R GE T A AE AR K b SRV BRI e 42
S5 A RGO ARG % GEE R A L RGO R RS B A DI RE RS DR R BRI AR ZE I RE SR A 94 RGO R LT
FFOBR IR A5 19 45 s AL AR AR B A B AU ZE L 2 A0 1 I RE R Gk PR e R LA | (i I A 45

Note: Cardiovascular complications include hypotension and arrhythmias; respiratory complications include atelectasis, pulmonary embolism, and
pneumonia; urinary complications include edema, urinary retention, and renal insufficiency; neurological complications include delirium, tremor, and
epilepsy; gastrointestinal complications include gastrointestinal dysfunction, biliary fistula, intestinal fistula, hepatic ischemic infarction, and liver
dysfunction; endocrine complications include thyroid nodules; others include pneumatosis, effusion, electrolyte imbalance, multiple organ failure, shock,

septicemia, hemiplegia, and thrombosis

fL 8 (OR=24.102, P=0.059) 7% Y rp %% 71 i X
W Tk B S A, RTT CA19-9 Fh s (OR=
1.001, P=0.081). Wikk L2450 £ (OR=1.215, P=
0.072) 7R i 7w i o B O IR KBS W A 1S i B
#(F4),

2.4 L&A ZE Logistic BF5 1

Nk — LR B E DRI R, &
S 6 % [ Logistic [0 AR . o0 £ A E
Logistic [81 945 3 W7, A7 40 A A8 d 7 8 A5 A
R BoR g B L (¥ P0.05) . H, disp

http://www.zpwz.net



5 8 4] i, L A B I 5 5 B s 5 0 B R AR W6 R 4 Ryt iR 1655
F4 HEIFFEZEITEEE Logistic H/3
Table 4 Binary multivariate logistic regression for conversion rate to open surgery
Bz B S.E. X P OR(95% CI)
W -14.857 8.835 2.828 0.093 0.000(0.000~8.346)
5]

ﬁ— — — — — —

b 0.243 1.450 0.028 0.867 1.275(0.066~25.222)
AE 0.128 0.083 2.404 0.121 1.137(0.972~1.361)
BMI 0.278 0.237 1.375 0.241 1.321(0.873~2.336)
B

Tl_|< - — —_ J— —

2 -2.044 1.768 1.337 0.248 0.130(0.002~2.858)
ARHiF CA19-9 0.001 0.001 3.053 0.081 1.001(1.000~1.003)
Al CA125 -0.005 0.027 0.034 0.853 0.995(0.922~1.039)
ARHif CEA -0.071 0.080 0.778 0.378 0.932(0.714~1.063)
Al TBIL 0.016 0.020 0.662 0.416 1.016(0.981~1.063)
ASA 3%

1~2 — — — — —

3~6 -5.163 3.636 2.016 0.156 0.006(0.000~0.669)
AR

72t — — — — —

Horik 3.182 1.684 3.571 0.059 24.102(1.371~1 600.149)

(St -1.274 2.186 0.340 0.560 0.280(0.002~19.923)
R YA ES

E\ — — — J— -

b -1.264 1.685 0.564 0.453 0.282(0.008-7.088)
W25

715: J— J— J— J— -

& -2.150 1.851 1.349 0.245 0.117(0.002~4.003)
WO L 5 0.195 0.108 3.233 0.072 1.215(1.008~1.598)
PHPE#E EL 45 -1.800 1.332 1.828 0.176 0.165(0.007~1.224)
i A

JAAE = = = = =

iR a)ilik=g -0.828 2.437 0.116 0.734 0.437(0.001~44.670)

JHF TR AR S8 4.009 3.069 1.707 0.191 55.083(0.203~69 642.493 )

STl e 0.336 2.810 0.014 0.905 1.399(0.004~630.912)
Jibed e KAz 0.074 0.474 0.024 0.876 1.077(0.369~2.666)

2.5 ZERZMEEETSHT

Ry it — 25 PR R W R OR T A e e ) R R
ST 22 PR R 2k TRTE AE RL OF E AT 3% 4B TR IE A AT
ZHRELIERESE R B R, FAMM (B=0.079, P=
0.007) & A J5 A Be B (8] i 4l 37 52 m R &R, FOR A
] 4 4 55 AR S5 AF B B ) e 4 B A G . A AR
FE B R B R ok R ST L (38 P>0.05)
(465) o Ah— 250 A0 A5 780 5 150 J31) O St 10 0 A% o

K FH 3% A0 81 H G5 b A7 A8 & 0 0 o S AR U9 A
45 . ARHTCEA . AR TBIL, & IFmfai & HE .
FEPE bR T 25 . FRE R R it . RJE IR
SiE e IR FARILO AN, B ML SRR, A
Al (B=-8.759, P=0.024). AHITBIL (B=-0.107, P=
0.020) . FARME] (B=0.078, P=0.000). AKJ5If %k
JE (B=11.119, P=0.006) K — W F AR (B=18.888,
P=0.005) XJARJ5 A BEt AL AT W 52 m (£6).
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Table S Multivariate linear regression for postoperative

hospital stay

x5 AREERMNEZEREEREPZH (4)
Table S Multivariate linear regression for postoperative
hospital stay (continued)

sk E R aniiAie Sk FriEfL » Hots RArESL <k AL
REB EX (] RHEB BB
it s -25.835 42843 —  -0.603 0.552 P NSRLTTHI R4 0.006 0.015 0.091 0404 0.690
415 VNEPI 2

il Eil — = = = = E‘ = = = = =

Hlas A0 -5.584  6.713 —  -0.832 0414 P 13.307 6.604  — 2.015 0.056
P 5ICU

« — — — — — w5 — — — — —

5 -1209 5910 —  -0.205 0.840 i -4.579 8772  —  -0.522 0.607
AEi 0.121 0421 0055 0288 0.776 ZIRFR
BMI 0.163 0957 0030 0.170 0.866 7 — — — — —
B IFAE = 15878 13317  — 1.192  0.245

& = = = = = Tl I

2 -3347 8166 —  —0.410 0.686 T — — — — —
R CA19-9 0.000  0.003 -0.032 -0.149 0.882 £ -3930 8819 —  -0.446 0.660
ARHETCAI25 0.055  0.089 0.096 0.616 0.544
ABTCEA 0314 0316  0.155 0993 0.331 %6 ASHEHEZSES
ARHITBIL -0.120 0093 -0.289 -1.287 0.211 Table 6 Stepwise regression analysis for postoperative
ASA I 9 hospital stay

1= - - - = ) F bRt TR

3~6 -3285 10472 —  -0314 0.757 A 28 B S-E 588 t P
IR i -10214  6.135 — -1.665  0.103

(it — — — — — 1]

rsrk 1.662  7.042 — 0.236 0.815 e _ _ _ _ _

o N B ALl  -8759 3757 — 2332 0024
eSS A AT CEA 0322 0.202 0.159 1591 0.119

L - - - - - AR TBIL -0.107 0044 0258 2416  0.020

At -6.594 24169 — 0273 0.787 e B
HItEfEE KH R & _ _ _ _ _

& o - - - - 2 8.284  4.178 — 1983  0.054

= =9 | el ] = | L9 O PIMEMKESS 2488 1784 -0.159  -1.395  0.170
AT FARMFA] 0.078  0.015 0.580 5.033  0.000

@ o o o o o AReplifis -0.013 0007  -0.215 -1.900  0.064

2 4324 9488  — 0.456  0.653 RIE I 50
SRR L 45 0.057 0528 0.022 0.109 0914 # _ _ _ _ _
PR 25 -2.878  3.019 -0.184 -0.953 0.350 R 11119 3824 o 2907 0.006
iy oz 7 —kFAR

JInZE 55 = = = = — & _ _ _ _ _

FFPE A S N W UL DI = 18.888  6.326 — 2986  0.005

JHF T TR HEAS 8.826 16531  — 0.534  0.599

b ERER T 4633 14168  — 0.327 0.747

JieEE dee R AR -0.390 1617 -0.045 -0241 0811 3 it
HH IR

?l_'< — J— J— P J—

I -5337 10568 —  -0.505 0.618 AW, DLt AL s B 2 AT
FARM 0079  0.026 0590 2989 0.007 BRI HECRAK . RS B ) A AR S, HiAy R
AR HR R i -0.024  0.017 -0409 -1.362 0.186 okt RIR B E B R G2i . Wl E &Y
AR HR 2T 400 2152 2742 0224 0.785 0.441
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