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Construction and validation of a diagnostic model for colorectal

mucinous adenocarcinoma integrating preoperative inflammatory
and clinical features

FANG Qing'’, LI Shuxiang', YUAN Jinyi', TAN Jie', LI Hongmin', XU Yunhua’, FU Guang',
HUANG Qiulin', XIAO Shuai'”

(1. Department of Gastrointestinal Surgery 2. Department of Clinical Laboratory Medicine 3. Cancer Research Institute, the First
Aftiliated Hospital of University of South China, Hengyang, Hunan 421001, China)

Abstract

Key words

Background and Aims: Mucinous adenocarcinoma of the colorectum (MAC) is a distinct histologic
subtype of colorectal cancer characterized by high malignancy and low diagnostic accuracy of
preoperative biopsy, posing challenges for clinical decision-making. Given the critical role of the
inflammatory microenvironment in tumor progression, this study aimed to develop and validate a
nomogram model integrating preoperative systemic inflammatory indicators and clinical features to
improve the preoperative diagnosis of MAC.

Methods: Clinical data of 293 patients with colorectal cancer who underwent radical resection between
June 2017 and June 2022 at the First Affiliated Hospital of the University of South China were
retrospectively analyzed. Based on postoperative pathology, patients were classified into the mucinous
adenocarcinoma (MAC) group and the non-specific adenocarcinoma (AC) group. Propensity score
matching (PSM, 1: 1) was used to balance age, T stage, and N stage. Differences in preoperative
inflammatory indices were compared between groups. Univariate and multivariate logistic regression
analyses were performed to identify independent predictors of MAC, which were incorporated into a
diagnostic nomogram. The model's discrimination, calibration, and clinical utility were evaluated using
the area under the receiver operating characteristic curve (AUC), calibration plots, and decision curve
analysis (DCA).

Results: Among the 293 patients, 46 had MAC and 247 had AC, with a preoperative colonoscopic
diagnostic rate of 54% for MAC. After PSM (43 pairs), platelet count, platelet lymphocyte ratio (PLR),
systemic immune inflammation index (SII), inflammation related prognostic index (IPI), and systemic
inflammation score (SIS) were significantly higher in the MAC group, while lymphocyte monocyte ratio
(LMR) was lower (all P<0.05). Multivariate analysis identified tumor location, maximum tumor
diameter, and preoperative IPI as independent predictors. The AUCs of the nomogram in the training (n=
206) and validation (n=87) cohorts were 0.759 (95% CI=0.662-0.856) and 0.776 (95% CI=0.649—
0.903), respectively. Calibration plots showed good agreement between predicted and observed
probabilities, and DCA demonstrated satisfactory clinical applicability.

Conclusion: A nomogram model integrating tumor location, tumor size, and preoperative IPI was
successfully developed and validated for preoperative diagnosis of colorectal MAC. This model provides
a practical, quantitative tool with good predictive performance to assist clinicians in individualized
treatment planning, particularly for patients ineligible for surgical biopsy.

Colorectal Neoplasms; Adenocarcinoma, Mucinous; Inflammation; Nomograms

CLC number: R735.3
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%5 H B 6 W IR 98 (mucinous adenocarcinoma ,
MAC) & —Fh s i H 25 AL, 295 45 15 W o
i 10%~20%" . 45 B MAC 1 % 4= R 50T . %
PEW R« 1 T R K I A 22 b DR SR A48 1R 42
GEAT R AN, S8 E AR R IR (non-
specific adenocarcinoma, AC ) ML, 45 H W MAC £
AL TE R, WU B 22N, 45 H Y MAC RIS
o 012 W AL, TEAE B2 W ol 45 5 ACK . BF 5T
WoR, R MAC 3 0] DL 25 1 9 0 br R T
Tk f . H R R AR R 2 2 R A AR A S AT
HZ W oe" "1, MAC X} H §i 2 T 50K W5 g /Y
—ZRIRYT 7 FEARXE A BRI AR R T
AR SRR S TR A AP FIORS o B2 AR, U Ak
0 N TR R NS S e o N (1R T SN S 1| PR A O
BT ARERIT Gl B/ 5 eiar ) sk F
ARARAG R AR A B2 B 1 25 B MAC %, A
SR oy o e B S XM BRI SR M, LR Gk F)
A BRI ROR

H 25 i R A A S I B A SRR
B i 4 (fecal occult blood test, FOBT) . Z&{fi £
FEAL 2 M, (fecal immunochemical test, FIT) . @5
B . CT/MRI A o A 45 iz B2 15 A ikl o 2
55 H W R AT I2 W A bR, B R U R
S SO H R X T 25 EL i MAC 31X 2 R iR I 8 i
G I BETE AR R T I2 W A AIR, R AT 30%
o P, 30V 2R R 2 Wy U O 2k
SRR R 25 T MAC Y R AT R .

F GV ST 18 b TR PP A AR AERAS L TG B
P B H 0 BILAA 4 52 ) 14 2% A AR W0 bR AR W, fE
P W HLAR X RGBT R B 1
S AN R BUIR 28T BY S o

i g R PE PR R S IR R R L R DT
PSS 713 I L G AR R N
(neutrophil lymphocyte ratio, NLR) . [l /N Hiz bk 2 40
g lt (platelet lymphocyte ratio, PLR) . ¥k [ 41 it o
M It (lymphocyte monocyte ratio, LMR) . 4 &
T E 38 A (systemic immune inflammation index,
SIT) . %4 AH OC i J5 45 %437 4> (inflammation related
prognostic index, IPI) . H&EHBREAK (albumin-
globulin ratio, AGR) . 4 B R IE 4 (systemic
inflammation score, SIS) A7 A= 7 P4 6% 40 IS 76k 2 40 Jitg
o (derived neutrophil to lymphocyte ratio, dNLR) .

A% 20 B R B 40 B L (monocyte to lymphocyte ratio
MLR) 45 2 48Pk R S W 48 b AT A Sy 3000 2% 7 fib
Jo, LR 25 R R BUS WA AR bR, SR
(RN =l Beu k= NS R EREN R R e R S pL
AU B W ATE BT R GE PR S H A 1 2H 4 4 T AT
DLEE AL BT A v ) RAER A PEAL o 40, NLR A1 PLR
BIgEG T 28 MR 2= S8 ROE T b, BATHE
TN e 9 G855 (%) F0 S R W) 96 T O T R T —
M. BARHEAMBREAARS AR EENR
SEFE bR, (HE AT Y AR A [RIAE R DL R e B A 19 4R
WA WA KB R MAC & &5 R 5E % YA
SRS N Y RO T NI TS T AN R 2
i . WEANAE . AR . MR, BEE .
BR#E 1. NLR. PLR. LMR. SII. IPI. AGR. SIS,
dNLR . MLR 4§ % 4 AH OC 48 A5 % 45 B % MAC 1 R §i
WM AT, IS AL LR,
3 25 15 I MAC /Y AR Hi5 2 B 42 45 By o

1 ARSI

1.1 BE%EE

AW 5 Fy— T[] M B 5, B 2017 4 6 H
1 H—2022%6 H 1 HfEm R EH — B
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MAC) FFATFRIBITE Epm B, Wit “Fa
A" BRI R RS AT HE
¥, O R I 3 091 9 061 b BB 1 48] F DU R AT R A
PERE) LR 623 Il F F G IR WOk, JFARIEZA A |
HEBR bR A B X AHLAT A ZOR B B 203 . 40 A dR
e (1) 4R 18~80 % 5 (2) AR HI A AT AT AT T i g
WITHE s ) ARAT LA HWILT 40 T/
EIRITH s () RETA W s K s, HLIE ke B
WS Wi B s (5) AR5 B2 Wi #2880y AC
ot MAC. HEBRFRIE: () IGRFERATZEE; 2 R
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Figure 1 Research flowchart
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o A B DD R R R AR L M
By ARG 1Yk SR K O i A A 2
Rl 11 = 1 NG S o A 1 AN N G
fi . AN . ), A e (AEE. BRE
H)o IHREMABRERZRFEERIERIR: NLR. PLR.
LMR. SII, PNI, LA, IPI, AGR, SIS, dNLR. MLR
9 BC(E : NLR= Pk k7 20 B 1T 5l/ibk o 4 i o 4%
PLR=Ifil /N T 250/ T 40 1 H %50 LMR=bk EL 48 e 1t
BURAZ AN T E; ST= 1/ T8 x Hh R 4 i T
Bk A PNI=FEEFKE (¢/L) +0.005 x ik
ELARRI AL LA=IRE A0HE 4 x AR FKF (g/dL);
IPL 3 4 (0: NLR<3.0 Jf H 1 % 1 2350 ¢/L;
1: NLR<3.0 5% #& 1 % 1<35.0 ¢/L; 2: NLR>3.0 Jf
H % <350 g/L) ; AGR=ILE 18 F1/1 7 3Kk 4
H; SISTESF (0: FEH>4.0 g/dL Fl LMR>4.44; 1.
& 124.0 o/dL 8, LMR>4.44; 2. F#EH<4.0 g/dL
FILMR<4.44) ; ANLR=HPER 40150 (FH4nffit
B PRI 80 5 MLR= 504 40 i 3 %5/ B 40 g
THE, 2k A R BT CT/MRI A 25 42 45 e 4 B 35 i
JEERAL . bR e R AR o e AR R R A — BE B AL
o A 2 B ox Ak R D B T AR RS (IR B
%45 2024LL0415001) .
1.3 SGitFEaIE

K HH SPSS 27.0 #AF #E AT et 4y M. IEAS A3 A
M PR A £ bR 22 (x +s) iR, W4
] SR P ST REAS K B FEAT LA s AR IE 4R
ER ORI AR (Wi FE) (M (IQR) 14k,
4 ] H R AR S 8O RUR 36 o 28 0 k) LA 81 5
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(AED) [n (%) 1K, @y K5 80H Fisher
0 U0 W 38 05 AT L 1) e A s R P A e 2 DE E 43 BT
(propensity score matching, PSM) A SR
FLAGAEWS . T . NP T 11 DLlE, RAEHE
H0.02, FE—2 R FLZGERE Kl PR e B
fiE . ARHIMLE 27 8 b5 S RAE S B G debn (H
HRARRY . T SN2 BT PSM, R4 A Logistic
M) A PSM 5 i i #EAT I R 2 I R
Logistic [A] 13 43 #7 52 W 25 Bl MAC B9 AR Ay 1500 K 2% .
i FH RA.2.2 B4R el 7 SR EI B RL L) Bootstrap 75 i
TSR, 2l 32 TAERE M2k (receiver
operating characteristic curve, ROC) FIFZHER, 435
W ROC 12 F EFH (area under the curve, AUC) .
Hosemer-Lemeshow K36 . S5 2047 (decision curve
analysis, DCA) SR PEA FUM A RY 1Y X 43 B . A i
DL R R SE I . P<0.05 Fm 2 R A G i # 5 X

2 # =

2.1 BEPSMuEIEIERFEFFIEELFE

HR A 20 A FHEBR bR EFEAT 0 18 J5 , 247 19145
i AC & (AC 41) F1 46 6] 45 H I MAC ¥
(MAC#1) #98 A NS HEAT JG 2253 Hr o AR 4 5 33T
fli b5 E, MAC 4, 25 ) R i s 8506 K 50 12 8
MAC. T 21 BIARFZ Wy AC, ARHETIE B2 % H
54% . ML TEED . kA5G RS O T 22 R4
TR X (3 P>0.05) . MAC 41 H 3 SF 4R I8 0
KT ACH (P=0.019), J5 % Mg 38 5 A0 T 45 2F 25
i (P<0.01), Mg e RAEWI B KT ACH (P<
0.01), HAJEpT - W& T ACH (P=0011) . £
PSM J5, MAC 4 1% J5 & b &g #6457 (P=0.036) K Jif
B KA (P=0.023) 5 ACH 2 S0 A G it =
Xo(FE1),
2.2 BEPSMuIEREHEXISIRELSFE

R NS T o G V107 oy G £
A M5, s A K I ER R FKF-
PNI. LA. AGR A ANLR Z 5 H L FEit=E X (¥
P>0.05) . MAC ZH /R B b 7 kL 48 #1120 (P=
0.033) . I,/ (P<0.01) . NLR (P=0.029). PLR
(P<0.01) . SII (P=0.001). IPI (P=0.006) . SIS (P=
0.036) . MLR (P=0.021) ¥JBi & & T AC 4 ; i
MAC ZH AR I LL & K (P=0.001) FILMR (P=
0.021) M EAK T AC4 . PSMJ5, MAC 4 A A i Il
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/N (P<0.005) . PLR (P=0.002) . SII (P=0.009) . AT LMR (P=0.032) 3k TFACHL (£2).
IPI (P=0.001) . SIS (P=0.030) W] & T AC4;
F1 WHBEPSMAEI. EHELKIGKRERFE
Table 1 The baseline clinical and pathological characteristics in the two groups before and after PSM
T PSM fif » PSM J »
ACH(n=247) MAC 2 (n=46) ACH (n=43) MAC 4 (n=43)
PEGn(%)]

5 153(62.00) 27(75.00) 27(63.00) 26(60.00)

% 94(38.00) 19(25.00) 0078 16(37.00) 17(40.00) 0825
AR (X %+ 5) 62.30+9.96 58.30+14.00 0.019 59.95+11.61 59.79+13.17 0.952
e fe KA [em, M(IQR)] 4.00(3.00~5.00) 5.00(4.38~5.70) <0.01 4.00(4.00~5.00) 5.00(4.50~5.60) 0.023
Hh[n(%)]

k4 42(17.00) 23(50.00) 13(27.00) 22(51.00)

i 7] 60(24.00) 12(26.00) <0.001 10(23.00) 12(28.00) 0.036

B 145(59.00) 11(24.00) 20(50.00) 9(21.00)

T (%)]

T1/2 57(23.00) 3(7.00) 1(2.00) 3(7.00)

T3/4 190(77.00) 43(93.00) oot 42(98.00) 40(93.00) 0-306
S5 (%)]

Jc 120(49.00) 20(43.00) 22(51.00) 20(47.00)

0.525 0.572

H 127(51.00) 26(57.00) 21(49.00) 22(53.00)

F2 FHEBEEPSMAEI. EMRERXIERELRE
Table 2 The baseline characteristics of inflammatory-related indicators in the two groups before and after PSM
TH PSM i} PSM 7
ACZ (n=247) MAC 4 (n=46) AC#(n=43) MAC 2 (n=43)

F 4R 10%/L, M(IQR)] 5.97(4.90~7.42) 6.67(5.00~8.34) 0.083 6.60(5.57~7.67) 6.68(5.02~8.32) 0.876
R I AL 10%/1L, M(IQR)] 3.78(2.93~4.94) 4.58(3.11~6.28) 0.033 3.88(3.25~5.13) 4.52(3.12~6.18) 0.509
WREL A L 10°/L, M(TQR) | 1.39(1.13~1.71) 1.40(1.12~1.59) 0.741 1.59(1.35~1.81) 1.40(1.13~1.61) 0.052
PARZARAL10°/1, M(IQR)] 0.46(0.35~0.59) 0.47(0.41~0.77) 0.074 0.52(0.39~0.62) 0.49(0.42~0.79) 0.574
£ F[g/L, M(IQR)] 119(100~133) 104(79~122) 0.001 113(95~128) 103(79~117) 0.094
1fi/MR[10%/L, M(IQR)] 223(180~279) 293(222~377) <0.01 220(183~305) 316(222~377) 0.005
FEM(g/L,x + 5) 40.34+5.03 40.02+3.49 0.675 39.19+5.87 39.87+3.37 0.510
BREEM (¢/L,% = 5) 26.22+4.16 26.94+4.99 0.301 26.31+4.10 27.15+5.04 0.398
NLR [M(IQR)] 2.68(1.89~3.79) 3.37(2.12~4.72) 0.029 2.62(1.91~3.35) 3.33(2.18~4.51) 0.080
LMR [M(IQR)] 3.10(2.27~4.15) 2.56(1.75~3.62) 0.021 3.20(2.41~4.45) 2.55(1.75~3.49) 0.032
PLR [M(IQR)] 158.12(116.05~215.84) 198.21(144.77~285.13)  <0.01 139.10(93.47~226.55) 200.00(145.41~295.95)  0.002
SIL [M(IQR)] 428.92(230.61~712.54) 611.43(355.60~1205.06) 0.001 411.68(202.95~827.61) 617.00(365.05~1 202.63) 0.009
PNI [ = 5] 40.34%5.03 40.02+3.49 0.675 39.19+5.87 39.88+3.37 0.511
LA [M(IQR)] 56.03(43.59~70.67)  55.97(40.73~65.98)  0.632  60.88(45.90~73.68)  57.68(41.09~69.56)  0.200
IPI [n(%)]

0 136(55.00) 17(37.00) 21(49.00) 16(37.00)

1 32(13.00) 3(7.00) 0.006 13(30.00) 3(7.00) 0.001

2 79(32.00) 26(56.00) 9(21.00) 24(56.00)
AGR [M(IQR)] 1.54(1.34~1.80) 1.48(1.31~1.69) 0.261 1.49(1.31~1.73) 1.47(1.31~1.67) 0.792
SIS [n(%)]

0 38(15.00) 1(2.00) 9(21.00) 1(3.00)

1 112(45.00) 21(52.00) 0.036 16(37.00) 19(44.00) 0.026

2 97(40.00) 24(56.00) 18(42.00) 23(53.00)
dNLR [M(IQR)] 1.79(1.36~2.48) 2.30(1.45~2.79) 0.036 1.80(1.29~2.34) 2.30(1.46~2.75) 0.090
MLR [M(IQR)] 0.32(0.24~0.44) 0.39(0.28~0.57) 0.021 0.31(0.22~0.42) 0.39(0.29~0.57) 0.032
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2.3 ZEMMAC REN2 i E & 4

LR F Logistic [ 20 87 7, JWogd 47 . i
JE % . PLR. IPL. SIS &%5 I MAC A B2 W
TN R (¥ P<0.05) (£3). RAMGEZESE
[l 9 2 K % Logistic [0l U5 4387 W7~ , Mg B4 .
i e KA L TPTJR 45 B i MAC A Fi 2 W 4 ok <7 790
& ($P<0.05) (£4),

R3 ARETEEF MACI2E A E E Logistic [1 )3 247

Table 3 Univariate Logistic regression analysis of
preoperative prediction of MAC in colorectal
cancer

AshE Z OR 95% CI P
el 0.098 1.103  0.460~2.632  0.825
iR AL -0.651 0521  0.310~0.875  0.014
Jihe e KA 0.281 1.324  1.006~1.743 0.045
SE a4 -0.033 0968  0.833~1.139  0.693

PRI AL -0.001 0.999
N Iya e -0.841 0.431
AL AN 0.681 1.997

0.835~1.196 0.995
0.166~1.117 0.431
0.390~10.016  0.410

AR = -0.013 0987 0971~1.003  0.112
I/ MR 0.004 1.004  1.000~1.007 0.053
HA A 0.031 1.031  0.942~1.128  0.505
BREEH 0.041 1042 0.948~1.144  0.394
NLR 0.05 1.052  0.890~1.242  0.554
LMR -0288 0750  0.533~1.018  0.065
PLR 0.006 1.006  1.001~1.010  0.016
sl 0.001 1.00 1.00~1.001 0.254
PNI 0.031 1.031  0.942~1.128  0.505
LA -0.014 098  0.996~1.006  0.158
IPI 0.590 1.803  1.105~2.943  0.018
AGR -0.073 0930 0274~3.158  0.907
SIS 0.678 1971  1.021~3.805  0.043
dNLR 0.172 1.188  0.842~1.676  0.328
MLR 1.275 3579  047~27279 0219

F4 AREIEER MACISETN £ E R Logistic B3 5347
Table 4 Multivariate Logistic regression analysis for
preoperative prediction of mac in colorectal cancer

A Z OR 95% CI P
Jire AL -1.249 0.287 0.123~0.670 0.004
Jioeg dme R A% 0.559 1.748 1.045~2.925 0.033
IPI 1.096 2.991 1.162~7.696  0.023
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R BGHIE

R AH GBI ZE1Y, Sy B I 2R AR A T E
W R R e 7 3 BEHLR 2 M I ZR BB (n=206)
I UEBAF (n=87) o TEYNZRIAF] AR 4 Logistic &
A [l 3 5 36 ok Y A8 A i S R RIBE AR (151 2)
g IS G B 2 2 B U 6 BT 4y 21 2k T
R NS/ CTE (=R 7 G i D) LN B B S 8 s N S 8 S
X MAC 8 . R F Bootstrap 2 X 51 £& [ 15 il
RS HEAT RIS IE, AR R B 1 000 Tk, 2551
W, YIkE R ROC HIZE (K 3A) I AUCH
0.759 (95% CI=0.662~0.856) ., FLHIFGUEE BoR, &
HEF 2k 5 2% M& v & R4 (EI3B). FEE
BA %1 i A5 A ROC it £k (& 3C) 9 AUC 2 0.776
(95% CI=0.649~0.903 ) , A5 AU o (BT b 7, A o 3
M h 6 52 2% ih e & Kk (K13D), 1H Hosemer-
Lemeshow £ 56 i 715 A5 Y 78 56 11 BA 51 Hp [R) #F A5 %55 4
(T EE J) (P=0.787) . | H] DCA PFAfi a2 3 I 45
I R S R M, il £k 52 R 7E 0.09~0.64 11 (3 {6 1 [l
WA B R s (E3E) .

sy 0 10 20 30 40 50 60 70 80 90 100
R iz 2
3 1

R e A%

3 4 5 6 7 8 9 10 11
1PI 0—1—2

M1

B
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B2 ETAREITREMXIERTMNEER MACH T &E
R
Figure 2 Nomogram model for predicting colorectal MAC
based on preoperative inflammatory indicators
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