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Abstract

Objective: This study aimed to find the main factors that determine the lower serum anti-body ti-
ter and to establish a predictive model by using nomogram. Methods: We used univariate and
multivariate logistic regression analyses to screen the independent risk factors of lower serum
anti-body titer associated with the patients with gastrointestinal cancer. Based on the regression
coefficients, the corresponding nomogram prediction model was drawn. We established two mod-
els, nomogram Nabs, (neutralizing antibodies) and nomogram RBD (anti-receptor binding domain
(RBD)-IgG) based on two antibodies. We evaluated nomogram performance and discriminative
power by concordance index (C-index) values, area under the curve (AUC), calibration curve and
decision curve analyses (DCA). Results: Multivariate logistic regression analysis indicated that the
four risk factors including gender, ASA, active treatment and chemotherapy were independent
risk factors of lower neutralizing antibodies (Nabs), while ASA and chemotherapy were indepen-
dent risk factors of lower anti-receptor binding domain (RBD)-IgG. There existed no statistical dif-
ference between the two models. We used the bootstrap method to perform an internal verification,
and the C index of nomogram Nabs was 0.803, while the C index of nomogram RBD was 0.799. The
calibration curves showed that the actual serological positive rate of the patients was consistent
with the predicted serological positive rate. The DCA demonstrated that the nomograms were clini-
cally useful. Conclusions: This study presents two nomograms, which can predict seronegativity in
patients with gastrointestinal cancer. Each nomogram represents a type of antibody induced by the
COVID-19 vaccine and incorporates some risk factors. They are convenient and provide customizing
information.
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H 2019 S, g R TR B GBI e 93 253 ) IR L 51 RS AR 2R e bRV 253 il 28 G T i 40) KAt AT I 26 42 B,
FE UMD 23 AR A R AR B R 2 TR IR 1] (2] St B3 v PR 7 3QBRATT T B AT Rl i e i 2 36 A
IMIFEMA[3]. SRT, R BINRIRTT IREAE (B8 W] RESE R 5 OGN 55 (4] [5]. BATIER 2552 B2
PP BT R il 2B B A R, AT 25 PRI IR SRR K N TEAN R e . AT TER I, $2 P77 BNT162 %
B R, FSZARIR T AT R AN B U OB ] AR T BT 4. X R T S AR B AT B
JELE KB PRI B PR RECE W R I I, AR A I PTAIKFREAR 6] [7] [8]. SR, % TV AL Flr /63 %
Tl R 2 e AV EE AL B B (AL st B ARl i A PR A R) s R 258 b A M BOR B A PR 7 s 21808
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o8 55 FAY Wi PRARFALE AN 748 7SI 60 3 445 SRR B ERA TR T AL o 3K P b 5 470 4 B Ay S ) M0 A5 2 T B
RS EFERIGEETT, NJa S B F MR e SR A Bk .

2. MN57E
2.1. MREMR

gk 2021 45 9 H & 2022 4F 1 H7EE PR BRI @ 55 = PR Be i i2 i AT gl 8 25 157 Bl (Bds H
e B FEERNTFRN R AR T 1) SREWEMNE 7~120 ROITEFRZE AR
DA A BR w5 2 SR [ AR R A BR A A s O OB A 25 BR A R BT AR )
2) ARYEIERAR A A2 N T AL TE IR o FEBRFRUE DD R : 1) BRI AR AT BE S5 2) 7 e E AL IR AG I A B (s
AN NEDH T P IAL BRI s 3) 55T 5608 B R A2 B A i S U Ak 4) P AT B . R
WEREZESEIR: 5) & FF HIV &L,

BATWDG AT 7 REWTTH 20T, 7E AR T M S I EE 21~105 KVTAS T FT s 2538 10 037 8 24 7 IR
£ RBD HUARFI P RIBUAK, DU R MEICIZ B A S 4 SRR

22. ARARE

AT L 5 IR PR AR 7 B I 35— PR e 1 R T e P S R N M 3240 (0 — BB R (PR 4R S 1A
AR MR MORE U TNM 7390, ASA (RIS K iha) /. iR, B2
FEIR YT (AR AT B E HURFIE B2 IR I AR (AR T, i TH 8, AR . Z40it-HomMm
T B SR IHT R % 2 RBD Rp Rk B 1A 45 R GA 16 B 4ii. AR8678 B 40, ##5 B 40/, Pl B
). b, BISREERZ PUR IR T BAERAMEEHTE 6 DA WHHMTALT . BUNAIT . TR RNA YT B R
BT
23. SRR

KH MAGLUMITM X8 (Snibe, I, A ) IR0 22 R G2 iE A I i 2% FH T SARS-CoV-2 HI| R &
32 AR 25 & X B A A4 R 7 & B, 51 S-RBD-1gG A e R0 44 o) 3857 76 A 48 12 W ) U 9 100%,
R P43 8 99.6%F1 100%. HHAIPUARAIIG FE N 0.15 0on/ZF, Pt S-RBD-IgG Kl A E N 1.0 AU/
=Tt

24. FERFHFRMEICIZY B BENE

P EALT) SARS-CoV-2 Hli#tE RBD & AT EAEY), 40592-VOSH2-B) i KA1z BV421 (Bi-
olegend, 405225)LA 4:1 [ EE/RLLAE 4°C FIRA 1| /BB, il RBD HUlaREr . ARYE & Rt B, {4 Ak
2 0 73 25 9 (Sigma-Aldrich, 10771)i i %25 FEAH B B 092 I 240 1 4 if i 2 B0 J I s AN A2 i .
FACS ¥ #(PBS + 2% FBS)H & 75 55 i I S AMZ M f5 , X 50 u BB 1) M % 40 L in A\ RBD $144(1:50)
LA CD3 (300430, Biolegend, 1:50). H i A CD19 (302212, Biolegend, 1:50). HTL A CD21 (354918, Biolegend,
1:50)F17 A CD27 (356406, Biolegend, 1:50){IPLAALE 4°C T 4ett 30 min. 40445 5 )5 I 1 ml FACS
WL HIR R 1000 1 B0 5 min, 325 EIEE M 200 u (1) FACS 22 B2, 1 F i 40 i A (Beckman
Coulter, CytoFLEX) 4L, /£ /] FlowJo 4 #T(Treestar, 10.0.7r2) 53 ¥ _E AL -

25. Gt ERE

M.H SPSS 26.0 & R i 5 (version 4.2. )Gt AT /0. AT B R 8, A Fid il &
BHEARIESDAAN . Bk, rEERLH A E U5 )RR, 2R B EDSERE )RR KpE
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FyEAN &

ROMERA R FE P < 0.05)ME RPN Z KE Logistic [V 73#7 . #HE 2 PR3 5017 45 SR 2 41 26
EIGHE 2D, T VR T s R B R B B AR IRl 323038 T4 #h 28 (Receiver Operating
Character, ROC)HI i i 2 XA A R E AT PN [12]. K H Bootstrap A8 N FB56UE I 115 — B4
H(C-index )i iE AL X 43 &, i ) e YN AR 2 15 S o i AR R 23R AR v il 26 47— BRI, DL P < 0.05
RNESHA SR X[13].

3. BIEFEA
AR ERERAEI RS R E RS, e R EEE ) MIeHEEN. Fras
5HHIAG T TR R .
4. R
4.1. BE5HEKIFE

IRYEANNFIHERR bR, AW UL AN TIHERR 157 BWF RS, & 1 AA T EEARIG R . 1
FrAAERE B E R, B 67.6%, P 32.4%, FEFh E 25 M) &7 52.8%, HeFh b R ) &7 31.8%,
BeRp e BRI R 5 15.4%. 1EFTE B H, 107 N2 T RMIIPUEIRTT, 28 NTERFIEHHT 6
ANAESZ THURIRIT, 22 NBeRAEZIURERT (REHEZ N2 IRE ). Hd, B2y s
HH 36.3%, AREEZWITHIN 63.7%. MR EFH P RAIER N 51 % . BB G REU R AL B 47
Ko HAMIEPRIFAE LA K SE 56 =8 AR A0 35 1 i

Table 1. Patient baseline characteristics

F 1. BERLHENE

ik n=157

R e R A 47, (32~79)

(%) 51, (45~60)

1A 8 H (kg/m?) 22.00, (20.70~24.49)

P R
BBIBP-CorV (H#i4:47), n (%) 83, (52.8)
CoronaVac (AL5F}M), n (%) 50, (31.8)
Zhifei Longcom China (Z(% %), n (%) 24, (15.4)

P
L, n (%) 51, (32.4)
B, n (%) 106, (67.6)
TNM 43 H#

TNMI, n (%) 27,(17.2)
TNM2, n (%) 83, (52.8)
TNM3, n (%) 29, (18.4)
TNM4, n (%) 18, (11.4)

ASA 532k
ASAI1, n (%) 31, (19.7)
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FIEAN &

Continued
ASA2, n (%) 53, (33.7)
ASA3, 1 (%) 73, (46.6)

IR YT
3, n (%) 50, (31.8)
&, n (%) 107, (68.2)

17
%, n (%) 100, (63.7)
&, n (%) 57, (36.3)

RBD $i{RFH M
5, n (%) 46, (29.3)
2, n (%) 111, (70.7)

SR ERZNLER

5, n(%) 57, (36.3)
&, (%) 100, (63.7)
LT %(10'/0) 4.230, (3.720~4.700)
4T E(10°/0) 6.140, (4.750~7.740)
MRE T (10°/L) 1.310, (0.910~1.630)
A A (L) 40.5, (35.5~48.2)
RBD 531 B 41 9.83, (6.60~13.88)
#E B 4 16.15, (11.00~22.70)
i E] B 1A 41.50, (30.00~48.60)
51k B 4 16.35, (11.30~21.90)
e B 410 23.30, (18.20~30.80)

BIAR T () 58 SONTESFNEE —FIBE RIS 6 N H WS TURIA T K 5

4.2. RiEBENEEERS AR TMER S

R Logistic 7 iral Rax, A, BMEE R REL ASA 73 —EEZPRIUERIT. 25
BEAT AR ST SR AP RO A A (P < 0.05). BERE TR REL. ASA 734k, GRS R
I7 R HHATIT 51K RBD HUiAR A 2 & HISHEP < 0.05). ¥ 8K R0 HT b 2 74 Goit 24 52 LR
NSRS, B G2 SRS F(P < 0.05) W N TR AL (% 20 46 3). MRIEMES]. B
WG RE ASA 79 R BHSZBMRPURIRIT W HAT T T ELaPr oy, @k A AMA 1S A,
THE R, IR B R BAR A R B R o 7 I TN A R B 35 B AR RBD B A i 5 A= A
a2 B 1. RIS AR FIRAE14] [15], FR R SBUREPUAREICH R, FIRATHERL
YN TR AR AL

4.3. FMAEEYRY5EIE

FRATARAE fe sz PR AL 1 v 2 ] 1 AN 8 ] 2 SR v AN AR PG T A1 RBD ST FEAR R A 1
M. FATRI 1 PIAMER I 70 BE R HE RS, IRl 1 PRI R ROC #hZk, R HEZE 1 # C
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Table 2. Univariate and multivariate logistic regression models to identify risk factors for lower NAbs titers in gastrointes-

tinal cancer patients

2. BMEMBRERRIFEEIERNAERRSER Logistic @IS

Il RAB SSRFAE

AR v Ja R

FW(%)

PR E R (kg/m®)

R
BBIBP-CorV
CoronaVac

Zhifei Longcom, China

TNM4
ASA 532k
ASAl
ASA2
ASA3
IR YT
No
Yes
17
No
Yes
220 %(10'/1)
A4 E(10°/0)
RN T4 (10°/0)
HHEH(g/L)
RBD 531 B 41
# 5 B 4
i E B il
1k B 4ilig
R4 B 4

BERHT ZRRDHT
OR (95% CI) P{H OR (95% CI) P{H
0.986 (0.974~0.998) 0.027 0.996 (0.982~1.010) 0.585
0.970 (0.939~1.002) 0.071
1.068 (0.953~1.204) 0.263
Ref
0.517 (0.247~-1.076) 0.078
0.480 (0.188~—1.234) 0.123
Ref
0.508 (0.254~0.010) 0.05 3.113 (1.355~7.528) 0.008
Ref
0.479 (0.161~1.256) 0.1537
0.351(0.103~1.094) 0.0789
0.448 (0.116~1.664) 0.2316
Ref
0.298 (0.064~1.020) 0.076 0.538 (0.107~2.101) 0.400
0.088 (0.019~0.277) <0.01 0.097 (0.020~0.343) <0.01
Ref
0.225 (0.090, 0.503) <0.01 0.344 (0.115~0.947) 0.044
Ref
0.260 (0.128, 0.515) <0.01 0.392 (0.164~0.916) 0.032
1.312(0.819~2.129) 0.262
0.944 (0.848~1.049) 0.285
0.772 (0.455~1.014) 0.329
1.000 (0.999~1.000) 0.818
0.978 (0.933~1.025) 0.353
0.990 (0.957~1.024) 0.567
1.004 (0.980~1.028) 0.740
0.980 (0.943~1.018) 0.305
1.017 (0.985~1.052) 0.306
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Table 3. Univariate and multivariate logistic regression models to identify risk factors for lower RBD titers in gastrointestin-
al cancer patients

3. BMEMERE RBD MIFHERRNERRZEER Logistic BIVA4H

——— BRRIT ZEERDHT
OR(95% CI) P1E OR(95% CT) PfH
RN H 5 R A 0.986 (0.974~0.998) 0.024 0.996 (0.981~1.010) 0.583
(%) 0.969 (0.936~1.002) 0.070
1R FFEH (kg/m?) 0.986 (0.877~1.112) 0.821
FEHTHAY
BBIBP-CorV Ref
CoronaVac 0.492 (0.224~1.073) 0.074
Zhifei Longcom, China 0.387 (0.147~1.031) 0.060
PE5I
g8 Ref
Ttk 1.519 (0.734~3.110) 0.250
TNM 73
TNM1 Ref
TNM2 0.976 (0.362~2.469) 0.961
TNM3 1.105 (0.342~3.574) 0.865
TNM4 1.094 (0.295~4.325) 0.893
ASA 532k
ASAl Ref
ASA2 0.460 (0.096~1.661) 0.269 0.772 (0.152~3.103) 0.729
ASA3 0.129 (0.029~0.408) <0.01 0.180 (0.038~0.625) 0.013
FARIATT
No Ref
Yes 0.228 (0.081~0.548) <0.01 0.465 (0.145~1.358) 0.173
17
No Ref
Yes 0.197 (0.092~0.407) <0.01 0.267 (0.107~0.634) <0.01
24N H4(10"/L) 0.992 (0.602~1.632) 0.974
A4 E(10°/0) 0.983 (0.882~1.103) 0.763
AREAH T (10°/L) 0.839 (0.487~1.028) 0.502
HEH(g/L) 1.000 (0.999~1.000) 0.826
RBD #7514 B 4l 1.025 (0.974~1.083) 0.348
# K B4R 1.008 (0.973~1.046) 0.638
HE] B 41 0.983 (0.958~1.008) 0.188
Wik B 41 1.012 (0.972~1.057) 0.543
JE4 7 B 410 1.017 (0.983~1.055) 0.341
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Figure 1. Nomogram (a) to predict the probability of seropositive in the patient with gastrointestinal cancer of neutralizing
antibodies. Nomogram (b) to predict the probability of seropositive in the patient with gastrointestinal cancer of anti-receptor
binding domain (RBD)-IgG

E 1. E2E @B THNEEMEEE E PR SR, 12 E )BT INE K EMESRE RBD HuifpEMTR

TN 0.803, TEZE 2 1 CHREE N 0.799 (1K 2). XUESE T TR RS BAT A I TN fE 1. ELmy
f ROC M2k, H2K 1 Mk 2 HA ALK TNEE /(P = 0.945). j#id Hosmer-Lemeshow £ 56:(H-L
S B0 RS B B TR (AR 1 B« 223 Bootstrap (n = 1000)FRAE 5, XF i 2 1€ 1 (P = 0.469)F1i% = 5] 2 (P = 0.225)
BT H-L Rrier. AL T EE 5 SeBritR — 80, R UNZ TR A SUF X 2 BE(E 3). 2K 1
N E ] 2 (s 2R A Tt AR F L, IE S 7 POUAS AL (i PR se M (1 4).
5. g

AR DAAE BRI T8 R I, 25 P S B 1R e v 7592 15 mT DASEAGE R A N B E AR AR AL I e B LT [16] 0 BT
5e, TATHIITE I EE A 78 K% P B (CoronaVac and BBIBP-CorV) #1841 2K (4% 74 (Zhifei Longcom, China)fE
THALTE I B E TR RUR . Ariamanesh 58 AT 364 1518 B85 3R 4T 1B e v B KI5 T (BBIBP-Cor V)
G RE SR VLT, 25 SRR BRI 1 5 L3S PH PR G 4 30k 2] 86.9% [17]. #RTH, TEVHALE MR B,
P B3R =R JE U 70.7% RBD HuiARBH 3R A 63.7% 1 RIFTARBE M2, (B Py EHLH] AT 2,
Ub, TR IR, TEITZ PO RFEARM .
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Figure 2. ROC curves for predicting antibody positive rate by nomogram: (a) nomograml. (b) nomogram2 (AUC = 0.803 vs.
0.799)
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Q ] . e "
(a) s )
«© _| « |
o o
il N
% o P-4 g |
L3 "o
k4 g | % © |
Apparent < | Apparent
aa —— Bias-corrected © —— Bias—corrected
I ---- Ideal ™ - Ideal
[=} - S
T T | T T — | | T T T T
0.2 04 ﬁiﬂﬂﬁ%‘e 0.8 1.0 0.3 0.4 0.5 m%memz 0.7 0.8 0.9
B= 1000 repetitions, boot Mean absolute error=0.037 n=157 B= 1000 repetitions, boot Mean absolute error=0.021 n=157

Figure 3. Calibration curve of the nomogram: (a) nomograml; (b) nomogram?2
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Figure 4. Decision curve analysis for the two models: (a) model of nomogram1; (b) model of nomogram2
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TR A

FEPFRBUAA 2 I3 Logistic FIAZMMTH, ). & ASA WA BURIAIT FIZEAT AT 2 rh A 440 i
FERMRM EE G N R. RN, BATLERILT E ASA W FALI7 2 S5 RBD H 5 E B M £ G
RF. — I, {EHHER Logistic [FIHAHTH, Fl% & mHT RBD Wi B O fE K 2 (P < 0.05). F1—
Jri, A E A ] R B TR (18], 2 N RIE RN REBUE R ANGS[15]. L, AT R4
N2 2. ASA VEATE VAl S8 IR PROTR DO R PPl 26 2 12 52 R () R 7 TS 2 T T 12 R« ASA
PR EAG, RUMERCRGLELF . X 52 AT FiAIL, AMATU %KL ECOG 1143 (>2) M N R ARk
TEER KBS BE R [19]. —SeRFFER T, V5 55 P2 22 ol e 193 B 92 1 00375 2% FF 14 SR PR A f e PR 3%
EHLHIABI20] [21]. A2, MHRERNCBF T, LVEE 5 SRR AR M RN, X — S ES
BAVES—D L B% . Ruggeri [22)%5 AR, T3t DNA &2, £ 2i4ky7 L& mTOR 557 LA
PSRV G2 S MR R AR, AR R AR B S 45 T IX A58 [23]. X S5ATHIBE T — B0, AT %
IR, AT I R AR 0% S A Y 2 AR

TATEAT I T B35 0% e 73 8 RBD FEic1Z B 40 N2, RBD 47571012 B 4 nT DS s A 1)
ey, X — SAERIT W T LT RA e 2. S8, PR T ARG R % E24]. Hid
i RBD F57ic1Z B Afe — PRy, & i THula 2 8 51 R 00 ir e B gE R . e
PLRPUANTERE: actMBCs. IntMBCs. atyMBCs 1 tMBCs, actMBCs 5 IflLiF Hif4 /K 7 2 IEAH 2%, IntMBCs
H1 atyMBCs i % Hi tMBCs fiTA:1M2K,  3F H'EATAI BAME N ActMBCs, A LRFEANAS, SEAF40 ) 1 it
—HBWOE . PEARIE, AR RBD r St B AN AR G i T FRAL[9]. [ERERIE, HATD
FZ % RBD 51t B 20 A2 H DU ERF A LA £ TR0 50

ZE L ATIR, B E K5 )% i (CoronaVac and BBIBP-Cor V)l 5 28 55 [ %% 1 (Zhifei Longcom, China)
e B I S A AL, JCHARRTT ASA VP A Fe2 AT I 3 o NCCN A A it 83 ip 23 A
FI i B, Rl AR 2 AR T 1) s, RSB R H[25] [26]. [RItL, ST I P B4 BERR
IRH 82, T RE 75 2258 IR ML T 4T RBD oA sh I H TR K- I R A I skt [27]. B R,
AV 1 i PR ke 5 i 2 ok A1 B Tt I ASE 284 14 1 PR =2 FH 4 [28] [29]

AFFAFAELL T AR 1) B O RIBPERT A7 — @k Bl 2) WA EM 8 =45 i s K
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