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Patients with pancreatic cancer (C25) during 2005-2020
(n=69,183)

Excluded (n=27,967)
- patients whose V193 has not been claimed (n=3,844)

- patients who were diagnosed with other types of cancer prior to the C25 (n=13,378)

- <20vyearsold (n=78)

- missing variables (n=87)

- claim history for chemotherapeutic agents prior the insurance coverage of GnP and FOLFIRINOX (n=29)

- for washout period, patients who diagnosed in 2005, 2006, and 2020 (n=9.852)

Eligible subjects with advanced pancreatic cancer
(n=41,216)

Excluded (n=40,227) due to

- no claim history of pancreatic surgery (n=14,760)

- claims only for explorative laparoscopy or segmental resection (n=50)
- no claim history of chemotherapeutic agents (n=18,865)

- claims history of chemotherapeutic agents only after pancreatic surgery (n=6,092)

Study subjects with conversion surgery
for advanced pancreatic cancer (n=476)

Conversion surgery Conversion surgery
with preoperative FOLFIRINOX (n=430) with preoperative GnP (n=46)
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RPD LPD Mean Difference Mean Difference

A i IV, Random, 959
2016 Liu 219 126 27 334 175 25 8.1% -115.00 [-198.45, -31.55]
2018 Goh 482.8 468.8 10 4283 455 20 0.8% 54.50[-297.90, 406.90]
2018 Zhang 220.5 165.5 20 240 2395 20 4.6% -19.50[-147.09, 108.09]
2020 Gall 109.2 130.7 25 119.51 138.58 41 10.1% -10.31 [-76.82, 56.20]
2021 Park 300 260.81 49 377.21 2594 43 6.0% -77.21[-183.72, 29.30]
2022 Choi 246.2 193.97 50 2294 237.11 50 7.9% 16.80 [-68.11, 101.71]
2022 Guo 482.8 663.4 32 5595 4271 21 1.1% -76.70[-370.30, 216.90]
2022 Tyutyunnik 553.8 667 100 3404 4182 100 34%  213.40[59.10, 367.70]
2022 Zong 309 32.7 71 3785 371 108 17.7% -69.50 [-79.83, -69.17]
2023 Lee 410.8 107.2 21 350.6 82.6 60 12.4% 60.20 [9.81, 110.59]
2023 Uijterwijk 336.5 2314 37 3354 2286 53 6.8% 0.10 [-96.58, 96.78]
2023 Zhang 1728 111.4 1006 200 1485 1006 17.6% -27.20 [-38.67, -15.73]
2024 Dai 400 305.9 47 601.5 476 54 3.5% -201.50 [-355.66, -47.34]
Total (95% Cl) 1495 1601 100.0% -24.14 [-55.98, 7.71]

Heterogeneity: Tau? = 1462.67; Chi? = 69.48, df = 12 (P < 0.00001); I> = 83%

Test for overall effect: Z = 1.49 (P = 0.14) -500 -250 0 250 500

Favours [RPD] Favours [LPD]

RPD LPD Mean Difference Mean Difference
B dy o grou e 2 2 Z eigh andom, 95% g
2016 Liu 387 58 27 442 96 25 8.5% -55.00 [-98.53, -11.47]
2018 Goh 688.7 139 10 547 128.5 20 2.8% 141.70[38.77, 244.63]
2018 Zhang 407 91.8 20 373.8 2395 20 2.4% 33.20[-79.21, 145.61]
2021 Park 352.15 51.95 49 4004 895 43 11.1% -48.25[-78.70, -17.80]
2022 Choi 445.86 76.37 50 456.36 78.65 50 11.1% -10.50 [-40.89, 19.89]
2022 Guo 5372 26.7 32 5929 204.7 21 3.6% -55.70 [-143.74, 32.34]
2022 Tyutyunnik 5252 126.1 100 407.1 1051 100 10.7% 118.10[85.93, 150.27]
2022 Zong 325.2 7.2 71 3582 84 108 15.5% -33.00[-35.31, -30.69]
2023 Uijterwijk 477 1249 37 4166 89.9 53 8.0% 60.40[13.44, 107.36]
2023 Zhang 270.7 431 1006 3243 705 1006 15.3% -53.60[-58.71,-48.49]
2024 Dai 4359 838 47 4309 738 54 11.0% 5.00 [-26.01, 36.01]
Total (95% CI) 1449 1500 100.0% -3.74 [-22.74, 15.26]

Heterogeneity: Tau? = 606.28; Chi? = 179.96, df = 10 (P < 0.00001); I* = 94%
Test for overall effect: Z=0.39 (P = 0.70)

-200 -100 0 100 200
Favours [RPD] Favours [LPD]

RPD LPD Risk Ratio Risk Ratio

2016 Liu 27 27 25 25 25.0% 1.00 [0.93, 1.08]

2020 Gall 15 25 26 41 3.5% 0.95[0.64, 1.41]
2022 Tyutyunnik 81 100 94 100 20.0% 0.86 [0.77, 0.96]
2023 Kalabin 536 676 2150 2677 29.3% 0.99[0.95, 1.03]
2023 Lee 20 21 47 60 13.3% 1.22[1.03, 1.43]
2024 Dai 38 47 38 54 8.9% 1.15[0.92, 1.43]
Total (95% Cl) 896 2957 100.0% 1.00 [0.93, 1.08]
Total events 717 2380

Heterogeneity: Tau? = 0.00; Chi* = 14.37, df =5 (P = 0.01); I’ = 65%
Test for overall effect: Z = 0.07 (P = 0.94)

0.5 07 1 1.5 2
Favours [LPD] Favours [RPD]
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2016 Liu

2022 Guo
2022 Naffouje
2023 Kalabin
2023 Uijterwijk
2023 Zhang
2024 Dai
2024 Wehrle

8
6.5
18.7
20.7
22.6
8.4
242
19.7

18 8.9
19.65 9.77
151 6.9
8 45
216 89
19 89

Total (95% CI) 2808 5535 100.0%
Heterogeneity: Chi? = 10.91, df =7 (P = 0.14); 1> = 36%

Test for overall effect: Z = 3.60 (P = 0.0003)

Mean Difference
IV, Fixi

Mean Difference
0,

2.00 [-0.22, 4.22]
-2.50 [7.97, 2.97]
0.70 [-0.50, 1.90]

1.05[0.16, 1.94]
7.50 [1.50, 13.50]
0.40 [-0.02, 0.82]
2.60 [-1.01, 6.21]
0.70 [-0.29, 1.69]

0.62 [0.28, 0.95]

5
Favours [LPD] Favours [RPD]

10

RPD LPD Risk Ratio Risk Ratio
idy ¢ bgroup el ot3 e otal Weigh M-H, Fixed, 95% M-H, Fixed, 95%
2018 Goh 0 8 3 16  2.7% 0.27 [0.02, 4.67]
2018 Zhang 1 20 3 20 34% 0.33 [0.04, 2.94]
2020 Gall 2 25 6 41 5.1% 0.55[0.12, 2.50]
2021 Park 3 49 5 43 6.0% 0.53[0.13, 2.08]
2022 Guo 6 32 3 21 4.1% 1.31[0.37, 4.68]
2022 Tyutyunnik 22 100 21 100 23.8% 1.05[0.62, 1.78]
2022 Zong 8 71 17 108 15.3% 0.72[0.33, 1.57]
2023 Lee 2 21 7 60 4.1% 0.82[0.18, 3.63]
2023 Uijterwijk 6 37 18 53 16.8% 0.48 [0.21, 1.09]
2024 Dai 1 47 4 54 4.2% 0.29 [0.03, 2.48]
2024 Farah 15 175 10 100 14.4% 0.86 [0.40, 1.84]
Total (95% CI) 585 616 100.0% 0.74 [0.55, 1.00] <&
Total events 66 97
Heterogeneity: Chi2 = 5.81, df = 10 (P = 0.83); 12 = 0%
Test for overall effect: Z = 1.98 (P = 0.05) 0.02 F(:):l.\jours [RPD]1 Favours [LF1’I?)] %
RPD LPD Risk Ratio Risk Ratio
dy or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2016 Liu 3 27 5 25 14.4% 0.56 [0.15, 2.09]
2018 Zhang 1 20 2 20 5.5% 0.50 [0.05, 5.08]
2021 Park 4 49 3 43 8.9% 1.17 [0.28, 4.94]
2022 Guo 4 32 3 21 10.0% 0.88 [0.22, 3.52]
2022 Tyutyunnik 4 100 3 100 8.3% 1.33[0.31, 5.81]
2022 Zong 4 71 14 108 30.8% 0.43[0.15, 1.27]
2023 Uijterwijk 2 37 8 53 18.2% 0.36 [0.08, 1.59]
2024 Dai 0 47 1 54 3.9% 0.38 [0.02, 9.16]
Total (95% CI) 383 424 100.0% 0.62 [0.37, 1.04]
Total events 22 39
Heterogeneity: Chi* = 3.11, df =7 (P = 0.87); = 0%
Test for overall effect: Z = 1.81 (P = 0.07) 0.01 Fa(\)/.c:urs [RPD]1 Favours [L1F(’)D] 100
RPD LPD Risk Ratio Risk Ratio
. . o
2016 Liu 1 27 2 25 7.9% 0.46 [0.04, 4.80]
2018 Zhang 2 20 3 20 11.5% 0.67 [0.12, 3.57]
2022 Guo 3 32 1 21 4.6% 1.97 [0.22, 17.68]
2022 Tyutyunnik 15 100 10 100 38.2% 1.50[0.71, 3.18]
2023 Uijterwijk 4 37 12 53 37.7% 0.48[0.17, 1.37]
Total (95% CI) 216 219 100.0% 0.96 [0.57, 1.61]
Total events 25 28

Heterogeneity: Chi* = 4.02, df=4 (P =0.40); = 1%
Test for overall effect: Z=0.16 (P = 0.87)
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0.1 1 10
Favours [RPD] Favours [LPD]
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References of papers (n =3)
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Records screened Records excluded after title and
(n=1020) abstract review (n = 972)

Full-text articles excluded, with
reasons

1. Without control group (n = 6)
2. The control group was open
pancreaticoduodenectomy (n = 3)
3. Duplicate date (n = 8)

4. Included patients undergoing
other procedures (n = 2)

5. Not pancreatic and
periampullary tumors (n = 12)

Screening

Full-text articles assessed for eligibility
(n=48)

Studies included in review
(n=17)
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Risk Ratio
M-H, Fix

0.64 [0.03, 14.36]
5.04 [0.21, 119.04]
0.29[0.01, 7.02]
2.00 [0.09, 46.90]
1.00 [0.26, 3.89]
0.86 [0.54, 1.36]
Not estimable

Risk Ratio
M-H, Fix

2018 Goh 0
2020 Gall 1
2021 Park 0
2022 Guo 1
2022 Tyutyunnik 4
2023 Kalabin 21
2024 Dai 0

100 8.6%
97 2677
47 0 54

Total (95% CI) 2956 100.0%

Total events 27 103
Heterogeneity: Chi? = 1.98, df =5 (P = 0.85); = 0%

938 0.89 [0.59, 1.36]

Test for overall effect: Z = 0.53 (P = 0.60) 0.002 Favom?r.; [RPD]1 Favour1so[LPD] 500
RPD LPD Mean Difference Mean Difference
dy o bgroup Mean D Total Mean D otal Weigh Random, 95% Random, 95%
2016 Liu 17 5 27 24 13 25 0.7% -7.00[-12.43, -1.57]
2018 Zhang 146 6.1 20 181 116 20 0.6% -3.50 [-9.24, 2.24]
2022 Choi 18.42 6.76 50 18.76 9.09 50 1.9% -0.34 [-3.48, 2.80]
2022 Guo 28.8 101 32 30 137 21 0.4% -1.20 [-8.02, 5.62]
2022 Naffouje 8.4 6 358 87 44 1074 15.2% -0.30 [-0.97, 0.37]
2022 Tyutyunnik 21.8 154 100 221 264 100 0.6% -0.30 [-6.29, 5.69]
2022 Zong 146 1.1 71 153 0.8 108 20.8% -0.70 [-1.00, -0.40] =
2023 Kalabin 9.61 849 676 1029 9.77 2677 14.3% -0.68 [-1.42, 0.06]
2023 Lee 113 35 21 15.8 101 60 21% -4,50 [-7.46, -1.54] = =
2023 Uijterwiik 183 1 37 201 17.9 53 0.6% -1.80 [-7.78, 4.18]
2023 Zhang 124 52 1006 123 4.5 1006 19.1% 0.10 [-0.32, 0.52]
2024 Dai 1.4 3.8 47 137 46 54 5.8% -2.30 [-3.94, -0.66] B
2024 Wehrle 81 37 625 88 52 625 17.9% -0.70 [-1.20, -0.20] i
Total (95% CI) 3070 5873 100.0% -0.72[-1.17, -0.26] ¢
Heterogeneity: Tau? = 0.24; Chi? = 28.82, df = 12 (P = 0.004); 1> = 58% 10 5 0 5 10

Test for overall effect: Z = 3.08 (P = 0.002)

Favours [RPD] Favours [LPD]

RPD LPD Risk Ratio Risk Ratio
Events Total Events Total Weight M-H, Fixed, 95Y% M-H, Fixed, 959
2016 Liu 8 27 11 25 7.8% 0.67 [0.32, 1.40]
2018 Goh 5 10 11 20 5.0% 0.91 [0.44, 1.90]
2020 Gall 10 25 18 41 9.3% 0.91 [0.50, 1.65]
2021 Park 23 49 15 43 10.9% 1.35[0.81, 2.23]
2023 Uijterwijk 16 37 41 53 22.9% 0.56 [0.38, 0.83]
2024 Farah 68 175 51 100 442% 0.76 [0.58, 1.00]
Total (95% ClI) 323 282 100.0% 0.79 [0.66, 0.95]
Total events 130 147
Heterogeneity: Chi? =7.81, df =5 (P = 0.17); I> = 36%
Test for overall effect: Z=2.54 (P =0.01) 0:1 g.azvourso[.R5PD]1 Favozurs [LPD5] 10
RPD LPD Risk Ratio Risk Ratio
M-H, Fix M-H, Fix 9
2018 Goh 3 10 3 20 21% 2.00[0.49, 8.18]
2020 Gall 5 25 10 41 8.0% 0.82[0.32, 2.12]
2021 Park 6 49 4 43  4.5% 1.32 [0.40, 4.36]
2022 Tyutyunnik 22 100 32 100 34.0% 0.69[0.43, 1.10]
2023 Lee 2 21 4 60 2.2% 1.43 [0.28, 7.24]
2024 Dai 6 47 6 54 5.9% 1.15 [0.40, 3.32]
2024 Farah 48 175 32 100 43.2% 0.86 [0.59, 1.25]
Total (95% Cl) 427 418 100.0% 0.87 [0.68, 1.12]
Total events 92 91

Heterogeneity: Chi? = 3.42, df =6 (P = 0.75); = 0%
Test for overall effect: Z = 1.06 (P = 0.29)

0.01

0.1 1 10
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Database

PubMed (Title/Abstract)

Search term

#1: da Vinci OR robot* OR
robot-assisted OR
robotic-assisted

#2: laparoscopy
OR Laparoscop*

Number

#1:

#2:

82243

16122

#3: pancreatoduodenectomy
OR Pancreaticoduodenectom*
OR Duodenopancreatectom*
OR Whipple OR Whipple’s
procedure OR Kausch-
Whipple OR Kausch-
Whipple procedure

#3:

18114

#4: #1 AND #2 AND #3

#4:

314

Embase
(Title Abstract Keyword)

Cochrane Library (Title
Abstract Keyword)

Web of Science
(Topic)

#1: pancreatoduodenectomy
OR Pancreaticoduodenectom*
OR Duodenopancreatectom*
OR Whipple’s procedure OR
Kausch-Whipple OR Kausch-
Whipple procedure

#2: Da Vinci OR Robot* OR
Robot-assisted OR
Robotic-assisted

#3: laparoscopy
or Laparoscop*

#4: #1 AND #2 AND #3

#1: (Pancreatoduodenectomy)
OR
(Pancreaticoduodenectom*)
OR (Duodenopancreatectom®)
OR (Whipple’s procedure) OR
(Kausch-Whipple) OR
(Kausch-Whipple procedure)

#2: (Da Vinci) OR Robot* OR
Robot-assisted OR
Robotic-assisted

#3: laparoscopy
OR Laparoscop*

#4: #1 AND #2 AND #3

#1:(Da Vinci) OR (Robot*)
OR (Robot-assisted) OR
(Robotic-assisted)

#1:

#2:

#3:

#4:

#1:

#2:

#3:

#4:

#1:

23167

118850

264201

561

1437

7976

28629

29

558243

#2: (laparoscopy)
OR (Laparoscop*)

#3:(Pancreatoduodenectomy)
OR
(Pancreaticoduodenectom*)

OR (Duodenopancreatectom®)
OR (Whipple’s procedure) OR
(Kausch-Whipple) OR
(Kausch-Whipple procedure)

#2:

#3:

247721

23551

#4: #1 AND #2 AND #3

#4:

601
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Country Period Robotic Included diseases

of study platforms
Liu China 2015-2016 RPD:14 RCS RPD: 57.16 RPD: 27 The da Vinci®s Periampullary neoplasms  6/9
2017 (17) LPD: 12 (68.56) LPD: 25 Surgical System (9 benign lesions and 43
LPD: (Intuitive malignant lesions)
60.54(18.25) Surgical Inc.,

Sunnyvale, CA)

Goh Singapore 2014-2017 RPD:5 RCS RPD: 70(24- RPD: 10 The da Vinci Si Periampullary tumours (7 7/9

2019 (18) LPD: 16 79) LPD: 20 robotic platform benign lesions and 23

LPD: 62.5 malignant lesions)

(24-79)
Zhang China 2013-2017 RPD:12 RCS RPD: 68(50- RPD: 20 NA Periampullary tumors (6 719
2018 (19) LPD: 11 78) LPD: 20 benign lesions and 34

LPD: 64 malignant lesions)

(42-76)
Gall UK 2017-2019 RPD: 16 RCS RPD: 60.93 RPD: 25 The Da Vinci Si Malignancies of the 719
2020 (20) LPD: 19 (12.52) LPD: 41 and Xi models pancreatic head

LPD:

65.18(11.36)

Park Korea 2016-2020 RPD: 26 RCS RPD: 66.65 RPD: 49 The da Vinci Xi Tumors confined to the 8/9
2021 (21) LPD: 30 (10.97) LPD: 43 Surgical System pancreatic head or
LPD: (Intuitive periampullary region (16
65.70(12.97) Surgical Inc., benign lesions and 76
Sunnyvale, malignant lesions)
CA, USA)
Choi Korea 2012-2020 RPD: 26 RCS, PSM  RPD: 60.02 RPD: 50 NA Periampullary tumors (44~ 8/9
2022 (31) LPD: 29 (11.97) LPD: 50 benign lesions and 56
LPD: ‘malignant lesions)

60.42(11.14)

Guo China 2016-2020 RPD: 21 RCS RPD: 53.7 RPD: 32 NA Periampullary tumors (14 6/9
2022 (22) LPD: 12 (14.4) LPD: 21 benign lesions and 39

LPD: malignant lesions)

52.1(13.5)
Naffouje USA 2004-2017 RPD: 181 RCS, PSM | RPD: 67.79 RPD: 358 NA Stage I-1II (T1-3 Nany 9/9
2022 (23) LPD: 553 (10.69) LPD: 1074 MO0)

LPD: pancreatic

67.86(10.31) adenocarcinoma
Tyutyunnik | Russia 2007-2015 RPD: 43  RCS RPD: 62.5 RPD: 100 | NA Malignant and benign 719
2022 (24) LPD: 42 (25-84) LPD: 100 tumors of the head of the

LPD: 62 pancreas and

(34-82) periampullary area (57

benign lesions and 143
malignant lesions)

Zong China 2018-2022 RPD: 36 RCS RPD: 58.2 RPD: 76 The Da Vinci Si Periampullary benign or 719
2022 (25) LPD: 77 (1.7) LPD: 114 Surgical System malignant tumors (42
LPD: (Intuitive benign lesions and 148
58.1(1.4) Surgical, malignant lesions)
Sunnyvale,
CA, USA).
Kalabin USA 2010-2018 RPD: 347 RCS RPD: 65.36 RPD: 676 NA Pancreatic 7/9
2023 (26) LPD: 1390 (64.47-66.25) | LPD: 2677 adenocarcinoma
LPD: 64.97

(64.55-65.39)

Lee Korea 2015-2019 RPD: 10 RCS RPD: 57.7 RPD: 21 NA Distal bile duct cancer 719
2023 (27) LPD: 28 (11.6) LPD: 60
LPD:
68.2(8.5)
Uijterwijk 8 centers (6 | 2010-2021 RPD: NA RCS RPD: NA RPD: 37 NA Distal 6/9
2023 (28) in Europe, LPD: NA LPD: NA LPD: 53 cholangiocarcinoma
1in
Australia,
and 1
in Asia)
Zhang China 2015-2022 RPD: 612 RCS,PSM = RPD: 60.5 RPD: 1006 | NA Benign, premalignant, or ~ 9/9
2023 (13) LPD: 622 (52.0-67.0) LPD: 1006 resectable malignant or
LPD: 61.0 borderline resectable
(52.0-67.0) tumors of the pancreatic

and periampullary region
(383 benign lesions and
1629 malignant lesions)

Dai China 2016-2023 RPD: 27 RCS RPD: 59.8 RPD: 47 The da Vinci Xi Pancreatic cancer 8/9
2024 (29) LPD: 32 (10.6) LPD: 54 (or Si)

LPD: Surgical System

60.5(12.2)
Farah UK 2014-2021 RPD: NA RCS RPD: NA RPD: 175 NA Pancreatic cancer 719
2024 (12) LPD: NA LPD: NA LPD: 100
Wehrle USA 2010-2020 RPD: 323 RCS, PSM = RPD: 66.5 RPD: 625 NA Pancreatic cancer 9/9
2024 (30) LPD: 332 (10.4) LPD: 625

LPD:

65.6(10.1)

LPD, laparoscopic pancreaticoduodenectomy; NA, not available; PSM, propensity score matching; RCS, retrospective cohort study; RPD, robotic pancreaticoduodenectomy.
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