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adenocarcinoma (GAC) patients with second primary malignancies (SPM) and construct a predictive model
with a web-based calculator. Methods Patients diagnosed with GAC between January 2010 and December
2017 in the SEER database (n=24 085) were analyzed, comparing non-SPM (n=22 963) and SPM cohorts
(n=1 122). SPM patients were randomized (3:1) into training (n=842) and internal validation cohorts (n=280).
Model

performance was evaluated via ROC curves, calibration plots, and decision curve analysis (DCA). A web-

Univariate/multivariate Cox regression identified prognostic factors for model construction.

based calculator was deployed using DynNom (https://kunma697. shinyapps. io/dynnomapp-1/). External
validation used 192 SPM patients diagnosed at Yantai Yuhuangding Hospital (2010-2017). Results x? tests
revealed SPM patients had higher age (56. 3%), earlier T-stage (T1:29. 2%; T2:10. 5%), predominant gastric
cardia involvement (43. 7%), fewer distant metastases (12. 3%), and higher rates of radiotherapy (32. 5%) and
surgery (77.2%) vs. non-SPM (P<0. 05). Cox analyses identified GAC primary site, T-stage, SEER stage,
radiotherapy/surgery history, plus SPM grade/stage/treatment history as significant predictors (P<0. 05). AUCs
in the training cohort were 0. 771 (95%CI:0. 722~0. 820), 0. 839 (95%CI:0. 796~0. 882), and 0. 836 (95%CI:
0.792~0. 879) for 1-/3-/5-year survival; internal validation showed 0.751 (95%CI: 0. 700~0. 801), 0. 746
(95%CI: 0.695~0.797), and 0.772 (95%CI: 0.723~0. 821); external validation yielded 0.713 (95%CI:
0. 648~0. 778), 0.805 (95%CI: 0.749~0. 861), and 0. 851 (95%CI: 0.801~0.901). Calibration indicated
high prediction-actuality concordance; DCA confirmed clinical utility. Conclusion The model and web
calculator incorporating GAC/SPM characteristics effectively predict SPM patient prognosis.

[Key words | stomach neoplasms; second primary neoplasms; Surveillance, Epidemiology, and End

Results Program; prognostic model
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Table 1 Basic characteristics of patients with gastric adenocarcinoma [n(%) ]

Variables Non-SPM group(n=22 963) SPM group(n=1122) Overall(n=24 085) X P
Agelyears 47. 669 <0.001
20~64 12 456(54.2) 490(43.7) 12 946(53. 8)
65~80 10 507(45.8) 632(56.3) 11 139(46.2)
Primary site 82.493 <0. 001
Antrum 3892(17.0) 213(19.0) 4105(17.0)
Body 2132(9.3) 88(7.8) 2220(9.2)
Cardia 8 323(36.3) 490(43.7) 8813(36.6)
Fundus 790(3.4) 31(2.8) 821(3.4)
Greater 769(3.3) 46(4.1) 815(3.4)
Lesser 1634(7.1) 96(8.6) 1730(7.2)
Overlapping 1725(7.5) 46(4.1) 1771(7.4)
Pylorus 529(2.3) 33(2.9) 562(2.3)
Unknown 3169(13.8) 79(7.0) 3248(13.5)
T grade 263.910 <0. 001
T1 3807(16.6) 328(29.2) 4135(17.2)
T2 1401(6.1) 118(10.5) 1519(6.3)
T3 4390(19.1) 290(25.9) 4680(19.4)
T4 3276(14.3) 95(8.5) 3371(14.0)
Unknown 10 089(43.9) 291(25.9) 10 380(43. 1)
SEER stage 598. 290 <0. 001
Distant 10 483(45.7) 138(12.3) 10 621(44. 1)
Localized 4231(18.4) 458(40.8) 4689(19.5)
Regional 6969(30. 3) 476(42.4) 7445(30.9)
Unknown 1280(5.6) 50(4.5) 1330(5.5)
Radiation 63.378 <0. 001
Unknown 17 847(77.7) 757(67.5) 18 604(77.2)
Yes 5116(22.3) 365(32.5) 5481(22.8)
Surgery 547.970 <0. 001
Unknown 1339(58.3) 256(22.8) 13 650(56.7)
Yes 9569(41.7) 866(77.2) 10 435(43.3)
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Table 2 Standardized incidence rates of secondary primary malignancies by site ()
Selected events Observed Expected SIR (95%CI)
All sites 1122 817.83 1.37(1.29~1.45)"
Oral cavity and pharynx 22 22.89 0.96(0. 60~1. 45)
Esophagus 50 10. 08 4.96(3. 68~6. 54)"
Stomach 201 15.42 13.03(11.29~14.97)"
Small intestine 22 4.50 4.89(3.06~7.40)"
Colon, rectum and anus 85 70. 04 1.21(0.97~1.50)
Liver 24 19.72 1.22(0.78~1. 81)
Bile ducts 12 7.05 1.70(0. 88~2. 98)
Pancreas 48 26.78 1.79(1.32~2.38)"
Lung and bronchus 133 111.30 1.19(1.00~1. 42)"
Skin 35 43.20 0.81(0.51~1.30)
Breast 64 64.87 0.99(0. 76~1. 26)
Corpus uteri 12 14.10 0. 85(0. 44~1.49)
Ovary 9 5.19 1.73(0.79~3.29)
Prostate 135 167.30 0. 81(0. 68~0.96)"
Urinary bladder 55 45.78 1.20(0.91~1. 56)
Kidney 38 29.71 1.28(0.91~1.76)
Brain 7 7.86 0.89(0.36~1.84)
Thyroid 30 11.31 2.65(1.79~3.79)"
Lymphoma 33 36.29 0.91(0. 63~1.28)
Myeloma 2 14.91 0. 13(0. 02~0. 48)*
Leukemia 32 23.70 1.35(0.92~1.91)
a:P<0.05
®3 FRERUETBMHMESFHERTR 4 (%) ]
Table 3 Basic information of patients with second primary malignancies [7(%) ]
Variables Training cohort(n=842) Internal validation cohort(n=280) Overall(n=1 122) X2 P
Primary site 7.090 0.527
Antrum 151(17.9) 62(22.1) 213
Body 64(7.6) 24(8.6) 88
Cardia 363(43.1) 127(45.4) 490
Fundus 24(2.9) 7(2.5) 31
Greater 37(4.4) 9(3.2) 46
Lesser 75(8.9) 21(7.5) 96
Overlapping 37(4.4) 9(3.2) 46
Pylorus 28(3.3) 5(1.8) 33
Unknown 63(7.5) 16(5.7) 79
T grade 7.846 0.097
T1 235(27.9) 93(33.2) 328
T2 94(11.2) 24(8.6) 118
T3 210(24.9) 80(28.6) 290
T4 71(8.4) 24(8.6) 95
Unknown 232(27.6) 59(21. 1) 291
SEER stage 2.088 0.554
Distant 107(12.7) 31(11. 1) 138
Localized 342(40.6) 116(41.4) 458
Regional 352(41.8) 124(44.3) 476
Unknown 41(4.9) 9(3.2) 50
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Table 3(Continued) Basic information of patients with second primary malignancies [ (%) ]

Variables Training cohort(n=842) Internal validation cohort(n=280) Overall(n=1122) X P
Radiation 1.358 0. 244
Unknown 576(68. 4) 181(64. 6) 757
Yes 266(31.6) 99(35.4) 365
Surgery 3.202 0.074
Unknown 203(24.1) 53(18.9) 256
Yes 639(75.9) 227(81. 1) 866
SPM grade 2.542 0. 637
I 59(7) 21(7.5) 80
1 122(14.5) 42(15) 164
m 101(12) 35(12.5) 136
v 18(2. 1) 2(0.7) 20
Unknown 542(64. 4) 180(64. 3) 722
SPM stage 0.204 0.977
Distant 57(6.8) 18(6. 4) 75
Localized 265(31.5) 88(31.4) 353
Regional 80(9.5) 29(10.4) 109
Unknown 440(52.3) 145(51.8) 585
SPM chemotherapy 0. 687 0. 407
Unknown 635(75.4) 218(77.9) 853
Yes 207(24. 6) 62(22.1) 269
SPM radiation 0.258 0.611
Unknown 677(80. 4) 229(81.8) 906
Yes 165(19. 6) 51(18.2) 216
SPM surgery 0.150 0. 700
Unknown 473(56.2) 161(57.5) 634
Yes 369(43.8) 119(42.5) 488
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2.6 IR EAAIEGE
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UEAE Y A N ) B[] 99 5 A S ae gy . 29 1.3 A0
54F B9 ROC M4, I X6 25 B i) o500 it 41 1 2 (area
under the curve, AUC) AT T8 . FEAWFZE T, 45
b, 1.3 F1 54/ AUC B 431 2 0. 771, 0. 839 Al
0.836 (&1 3A) . 7F N #B 55 ik 4, AUC 1B 43 il A
0.751.0. 746 F10. 772 (& 3B) , ATh AR 35 45 v %) T30 o
B, SRR B A F Rz AR T o AMER SR IIEAR (1)
AUCE 435124 0. 713 ,0. 805 A1 0. 851 (¥ 3C) , itk — 4
I I 2S00 A5 Y A AN () N v i) 3 P AT S
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Table 4 Univariate and multivariate cox regression analysis of prognosis in patients with second primary malignancies

Univariate Cox analysis

Multivariate Cox analysis

Variables
HR (95%CI) P HR (95%CI) P

Primary site

Antrum 1

Body 0.86(0.58~1.28) 0.458 0.92(0.61~1.41) 0.711

Cardia 1. 10(0. 86~1. 40) 0. 468 1.05(0. 79~1. 38) 0.748

Fundus 0.86(0.46~1.61) 0. 641 0.90(0. 46~1.73) 0. 746

Greater 1.16(0. 72~1. 86) 0. 545 1.56(0.95~2. 58) 0.079

Lesser 1. 18(0. 83~1. 69) 0.351 1.42(0.99~2.04) 0. 060

Overlapping 1.31(0. 84~2.03) 0.229 1.71(1.08~2.70) 0. 022

Pylorus 2.25(1.41~3.59) 0. 001 2.04(1.26~3.30) 0. 004

Unknown 1.06(0. 73~1.55) 0.759 1.07(0.72~1.59) 0.743
T group

T1 1

T2 1. 13(0. 82~1. 56) 0. 462 1.03(0. 72~1. 47) 0. 888

T3 1.52(1.20~1.94) <0. 001 1.13(0. 82~1. 56) 0. 459

T4 2.30(1.68~3.15) <0. 001 1.50(1.01~2.24) 0. 046

Unknown 1.63(1.27~2.09) <0. 001 1.89(1.12~3.17) 0.017
SEER stage

Distant 1

Localized 0. 42(0.32~0. 55) <0. 001 0. 68(0. 46~1.00) 0. 049

Regional 0. 66(0.51~0. 86) 0. 002 0.91(0. 67~1.24) 0. 551

Unknown 0.77(0.50~1.19) 0.244 0.54(0.32~0.92) 0.022
Radiation

Unknown 1

Yes 1.39(1. 16~1. 66) <0. 001 1.55(1.18~2.03) 0. 002
Surgery

Unknown 1

Yes 0.57(0. 47~0. 69) <0. 001 0.71(0. 56~0.90) 0. 005
SPM grade

I 1

| 1. 48(0.94~2.33) 0.091 1.26(0.78~2.04) 0.337

I 3.06(1.95~4.81) <0. 001 1.75(1.08~2. 84) 0.022

v 3.29(1.75~6.17) <0. 001 2.92(1.51~5.67) 0. 002

Unknown 2.43(1.61~3.66) <0. 001 1.52(0.97~2.39) 0. 069
SPM stage

Distant 1

Localized 0.24(0. 17~0. 33) <0. 001 0. 43(0.30~0. 61) <0. 001

Regional 0. 42(0.29~0.61) <0. 001 0.63(0.42~0.94) 0.024

Unknown 0. 49(0. 36~0. 66) <0. 001 0.55(0.39~0.77) <0. 001
SPM chemotherapy

Unknown 1

Yes 1. 68(1.39~2.04) <0. 001 1.38(1.12~1.69) 0. 002
SPM radiation

Unknown 1

Yes 0.75(0.59~0. 94) 0.014 0.65(0.51~0. 83) <0. 001
SPM surgery

Unknown 1

Yes 0.34(0.28~0.41) <0.001 0.39(0. 31~0. 48) <0. 001
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Figure 2 Survival curves for 1, 3 and 5-year overall survival in GAC patients with SPM
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Table 5 Characteristics of the external validation cohort[ (%) ]

Variables External validation cohort(n=192) Variables External validation cohort(n=192)
Primary site Surgery
Antrum 59 (30.7) Unknown 57 (29.7)
Body 17 (8.9) Yes 135 (70.3)
Cardia 53 (27.6) SPM grade
Fundus 9(4.7) I 27 (14.1)
Greater 11(5.7) | 38 (19.8)
Lesser 19 (9.9) 1l 21(10.9)
Overlapping 4(2.1) v 7(3.6)
Pylorus 9(4.7) Unknown 99 (51.6)
Unknown 11(5.7) SPM stage
T grade Distant 14 (7.3)
Tl 58 (30.2) Localized 79 (41.1)
T2 30 (15.6) Regional 20 (10.5)
T3 48 (25.0) Unknown 79 (41.1)
T4 14 (7.3) SPM chemotherapy
Unknown 42 (21.9) Unknown 149 (77.6)
SEER stage Yes 43 (22.4)
Distant 48 (25.0) SPM radiation
Localized 71 (37.0) Unknown 115 (59.9)
Regional 65 (33.8) Yes 77 (40.1)
Unknown 8(4.2) SPM surgery
Radiation Unknown 128 (66.7)
Unknown 142 (74.0) Yes 64 (33.3)
Yes 50 (26.0)
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Figure 3 ROC curves for 1, 3, and 5-year survival in the training set (A ), internal validation set (B), and external

validation set (C)
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Figure 4 Calibration curves for the training set (A), internal validation set (B), and external validation set (C)

at 1, 3, and 5-years
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Figure 5 DCA curves for 1, 3, and 5-years in the training set (A), internal validation set (B), and external validation set (C)
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