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Application and validation of a tumor-deposit-based modified pN
staging (mpN) system for prognostic prediction in gastric cancer
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Abstract

Key words

Background and Aims: Tumor deposits (TDs) may influence prognosis beyond the current 8th edition
AJCC pTNM nodal classification in gastric cancer (GC). This study investigates the prognostic value of
TD number and proposes an improved pN staging (mpN) that classifies patients with TD number >1 as
pN3b. We validated the mpN staging against the 8th AJCC pN staging.

Methods: A dual-center retrospective cohort study was performed, including 1 327 patients who
underwent radical gastrectomy at Sun Yat-sen University Cancer Center (2011-2015; test cohort) and
340 patients from Guangdong Provincial People's Hospital (2015-2022; validation cohort). Patients were
dichotomized into low-TD (<1) and high-TD (>1) groups. Outcomes were overall survival (OS) and
disease-free survival (DFS). Survival analyses used Kaplan-Meier curves, IPTW, and Cox regression.
Predictive performance of staging systems was assessed by time-dependent ROC (tROC)/tAUC,
concordance index (C-index) and Akaike information criterion (AIC).

Results: TDs were present in 435/1 327 (32.7%) in the test cohort. Presence of TD was associated with
worse OS (IPTW-adjusted HR=2.69, 95% CI=2.18-3.31, P<0.01) and DFS (HR=2.82, 95% CI=2.32~
3.42, P<0.01). In multivariable models, TD remained an independent adverse factor for OS (HR=1.65,
95% CI=1.34-2.05; P<0.01) and DFS (HR=1.74, 95% CI=1.43-2.11, P<0.01). Increasing TD number
correlated with progressively poorer survival; X-tile identified >1 as an optimal cutoff, with high-TD
patients showing markedly worse outcomes (OS: adjusted HR=3.65, 95% CI=2.74-4.88; DFS: adjusted
HR=3.74, 95% CI=2.85-4.91; both P<0.01). Incorporation of TD number into the mpN staging
(assigning TD>1 to pN3b) improved prognostic discrimination: in the test cohort 5-year OS tAUC was
0.746 for mpN vs. 0.703 for AJCC pN (C-index 0.738 vs. 0.721, AIC 5 805.27 vs. 5 849.30); similar
improvements were observed in the validation cohort.

Conclusion: TD presence and number exert significant negative prognostic impact in GC. Classifying
patients with TD number >1 as pN3b enhances prognostic accuracy. Routine reporting of TD counts and
further prospective multicenter validation of mpN staging are warranted.

Stomach Neoplasms; Extranodal Extension; Prognosis; Neoplasm Staging; Inverse Probability of Treatment
Weighting

CLC number: R735.2

B (gastric cancer, GC) & 4xERE Fl N 9 A Committee on Cancer, AJCC) J5 Ff fift JiF — ok £ 4% - 5%
AHRAE T I FE 2 B, o H R AR AR XU b % (pathological tumor-node-metastasis, pTNM) 43 i
PR TG 0 20 T GC B FMIBIT L2 XE RAEVZIN NG s FI6I7 RIS A MRS . A&
o 5 8 WU SE R AE B A % 014 (American Joint i, AW EE, 5 8 M AJCC pTNM 43 H] & 4t X}
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ABUG WA, XL R AT 23— 25 52 i pTNM 43
199 F g 0 15 B TR R

TD B & S ik B 5|3 X880 N 79 9IS i 96 0
U, H JC AT H ) A ok T 46 LI A8 ECM & a5 AT
TD F 1935 4E7E 45 H W JE  (colorectal cancer, CRC)
TR U IR, R AR 2 Bl RE R A KRG
Mo W (overall survival, OS) 1 JC 95 A 7% B
(disease-free survival, DFS) BJ48#n>125 GC #F 5%
R, TD W K& %N 15%~30%"", 5 CRC 1Y
TD & A AR [0 ok, R B A S TE
TD 5 GC A R B 5 #H 01, {H 55 8 kit AJCC
pTNM 43 8] R 48 3 A& R B TD X GC A= 17 45 J=y 1 52
Mt DR, B 22 TR R I B TD X GC A T
J B 5
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&, TD BHAE R B2 0 pNLe 31, il AN i TD X
Hanfar. SR, TD 0 R B4 A GC B pTNM 73 ] 5
48 TERE TD 20 A pTNM 73 3 R GE B9 el B J7 %8 o
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PH P f8 & AR N $2 T L pN 20 1 5 Li G4, M
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Ja 3 A WAET I B E . IBAA 1 327 i B
1121 ] (84.5%) #2232 T %5 BhLyr(S-1 (ol +
TEWENE+ BRI PE AN ) . SOX (S-1+ByB A4 5
XELOX (B yb R 40+ R FE i ) 1o AR 4l 25 8 Wi
AJCC pTNM 43 AP GC i 9 BE 40 300 47 0FAd o AR
I 72 WAFAE TD, B 582 43 Jy TD BH ¥ 25 # TD B
PR, MK BAF A, TD BHMEAL 435 61, TD B4
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FAR Y LR K 90 51 Fisher K 80K 50 . A )7
412578 & 1Y E A SR A Mann-Whitney U #5536 . 2R JH
Kaplan-Meier 73 87 25 il 4= 77 #th £, Jf- i o 10 4 3200
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IPTW) $EATAZIE . T3 IPTW Bij J 5L 2R FFAE A 26 %)
PRUECZEME, 22 MH<0.1 RNV R A4F o SR JH X £ Rk
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AR #5580 31 5 5 0S A1 DFS A 56 I A9 KUK e
(hazard ratio, HR) M3 95% {5 IX [8] (confidence
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PR FE A 28 it Cox MIEAEHY, LU 2 OS #l DFS
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OS 1 DFS Y ¥ 76 22 5 200, 2 35 PRk 30
0.10 (a=0.10) o K JH i [l 4R A8 1 32 1K T AR FE Ak
(time-dependent receiver operating characteristic, tROC)
il £& 1 C 48 BOR WAL A W) B RL B9 T E 1, tROC
i £ T ™ 2 (area under the curve, tAUC) #E K .
CIaBubl ey, RUIBIR BAT BB Hiae Sy . R
Akaike 5 B #r 1 (Akaike information criterion, AIC)
TPk 0000 XU 0 S B JXURS: =2 ] B 25 SRR B, AIC K
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(A 4.2.1) 1 SPSS Bk (A 21.0, 1BM) #E4T
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2.1 BEE
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pTda~b ] b 8 (53.6% wvs. 259%, P<0.001) #l
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PEZH (P<0.001) . TD BHPEZH 5 TD B 20 76 4 0%
P 53 A B AT A2 L T 25 S R gt R X
(¥ P>0.05) (#h7e1). WuEBASIH, TD B ML
5 TD AP 41 & 78 pT 43 33 A1 pN 43 31 J7 1 1) 25 5+
AT EE X (P<0.05), {H A H AR AE J7 1 I B
B2ER (B P005) (h8k2),
F=1 XA SEIE S BELEIRIL R0 (%) |

Table1 Comparison of baseline data between the test
cohort and the validation cohort [n (%)]

WHKBAS Esanaiedl

Iﬁ P
I (1327 (ne30) X
AR (%)
<55 549(41.4) 97(28.5)
18.8  <0.001
>55 778(58.6) 243(71.5)
el
& 443(33.4) 108(31.8)
03  0.571
5 884(66.6) 232(68.2)
T
B EEEAT 372(28.0) 56(16.5)
ERLN 372(28.0) 70(20.6)
. 1582 <0.001
EES 540(40.7) 138(40.6)
2/3 VI I 43(3.2) 76(22.4)
Borrmann 4374
I~ 468(35.3) 151(44.4)
9.7  0.002
I~V 859(64.7) 189(55.6)
P L2ESEHY
L ta] 200(15.1) 204(60.0)
RO 975(73.5) 83(24.4)  331.8 <0.001
HoAth 152(11.5) 53(15.6)
Lauren 4374
i 357(26.9) 203(59.7)
- s 130.6  <0.001
VRIS AV SR A A 970(73.1) 137(40.3)
MR
A 595(44.8) 141(41.5)
12 0265
R 732(55.2) 199(58.5)
P R IR
FH 873(65.8) 149(43.8)
55.0 <0.001
B 454(34.2) 191(56.2)
Jibgg K/ (em)
<3 426(32.1) 93(27.4)
28 0.092
>3 901(67.9) 247(72.6)

T D ARG RN B0
Note: 1) Undifferentiated carcinoma, mucinous adenocarcinoma,

signet ring cell carcinoma
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Table 1 Comparison of baseline data between the test
cohort and the validation cohort [n (%)] (continued)

MXEAF1 Lisandvedl]
it P
A (n=1327) (n=340) X
pT 43
pTO 0(0.0) 3(0.9)
pT1 39(2.9) 50(14.7)
pT2 110(8.3) 33(9.7)
1315 <0.001
pT3 714(53.8) 187(55.0)
pT4a 443(33.4) 49(14.4)
pT4b 21(1.6) 18(5.3)
pN 73
pNO 242(18.2) 100(29.4)
pN1 253(19.1) 74(21.8)
pN2 294(22.2) 68(20.0) 282  <0.001
pN3a 337(25.4) 65(19.1)
pN3b 201(15.1) 33(9.7)
LEIE fwig
A 1121(84.5) 280(82.4)
0.9 0.340
& 206(15.5) 60(17.6)
D
PR 435(32.8) 102(30.0)
1.0 0.328
3 892(67.2) 238(70.0)

T DRI R IR BN
Note: 1) Undifferentiated carcinoma, mucinous adenocarcinoma,

signet ring cell carcinoma
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Figure 1 Kaplan-Meier analysis of TD-positive group and TD-negative group in test cohort
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AR (%) 0.113

<55 - 195 (44.8) 354 (39.7) 3.40 (2.49~4.63)
>55 i3] 240 (55.2) 538 (60.3) 2.48 (1.96~3.15)
el 0.825
s - 152 (34.9) 291 (32.6) 2.65 (1.96~3.59)
B HH 283 (65.1) 601 (67.4) 2.77 (2.18~3.52)
e o7 0.140
Jagda Py - 113 (26.0) 259 (29.0) 2.19 (1.55~3.09)
Bk -l 111 (25.5) 261 (29.3) 2.58 (1.80~3.71)
B = = 181 (41.6) 359 (40.2) 2.94 (2.15~4.02)
23 XLk —a— 30 (6.9) 13 (1.5) 6.31 (243~16.37)
Bormann 257 0.965
I~ HEH 106 (24.4) 362 (40.6) 2.66 (1.87~3.79)
M~V HH 329 (75.6) 530 (59.4) 2.64 (2.11~3.30)
HA 0.224
ST H— 34 (7.8) 166 (18.6) 1.68 (0.90~3.12)
Ko e BRI HH 335 (77.0) 640 (71.7) 2.92 (2.35~3.64)
Al - 66 (15.2) 86 (9.6) 2.57 (1.55~4.27)
Lauren S 0.129
17 HEH 87 (20.0) 270 (30.3) 2.05 (1.36~3.08)
PR A IR A HH 347 (80.0) 622 (69.7) 2.92 (2.36~3.61)
&AL 0.828
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P S R 0.832
FE HEH 352 (80.9) 521 (58.4) 2.58 (2.06~3.22)
S5l HE— 83 (19.1) 371 (41.6) 2.70 (1.86~3.93)
JerEE K/ (em) 0.111
<3 o 99 (22.8) 327 (36.7) 3.43 (2.39~4.92)
>3 HIH 336 (77.2) 565 (63.3) 2.43 (1.95~3.03)
pT 34 0.866
pT1 ] 1(0.2) 38 (4.3) 2.37e-05 (0~Inf)
pT2 — 3(3.0) 97 (10.9) 3.24 (1.18~8.90)
pT3 HH 188 (43.2) 526 (59.0) 2.36 (1.78~3.13)
pT4a HH 221 (50.8) 222 (24.9) 2.06 (1.56~2.72)
pT4b —a—> 12 (2.8) 9(1.0) 2.91 (0.91~9.27)
pN 7349 0.224
pNO Ha— 30 (6.9) 212 (23.8) 2.12 (1.01~4.44)
pN1 HE— 49 (11.3) 204 (22.9) 1.83 (1.04~3.19)
pN2 Ha— 88 (20.2) 206 (23.1) 2.61 (1.68~4.04)
pN3a HEH 140 (32.2) 197 (22.1) 2.31(1.65~3.24)
pN3b - 128 (29.4) 73 (8.2) 1.38 (0.95~2.02)
iy 0.203
el HH 374 (86.0) 747 (83.7) 2.67 (2.17~3.30)
¥ —a— 61 (14.0) 145(16.3) 3.62 (2.39~5.48)

| I e m— —
012 4 6 8

&2 TDX KA OS BHEEANRKE

Figure 2 Forest plot for the interaction effect of TD on OS among clinical subgroups
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Figure 3 Kaplan-Meier analysis of patients with different TD numbers
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Figure 5 tROC curves and tAUC comparing mpN staging with the 8th AJCC pN staging

A: 5-year OS; B: 3-year DFS; C:

tAUC of OS for mpN staging with 95% CI at different time points; D: tAUC of DFS for mpN staging with 95% CI at

different time points
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Table 2 The predictive efficacy of mpN staging and the 8th edition of AJCC pN staging for 5-year OS and 3-year DFS in test

cohort
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Table 3 The predictive efficacy of mpN staging and the 8th edition of AJCC pN staging for 5-year OS and 3-year DFS in

validation cohort
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