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WE. a6 45 %F 50 FREIER R (carcinoembryonic antigen, CEA) F=#E 2 31 J& 19-9( carbohydrate antigen 19-9,
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FHRK, FIoH AT, HFH AL CRC &H ARG HirE2 ¥ £ 5 0% CEA # CA19-9,
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Dynamic prediction model for the colorectal cancer

patients’ prognosis based on MFPC-Cox

DU Xue'?, LI Chunxia'?, LIU Yunxia'*, ZHANG Tao'’?
(1. Department of Biostatistics, School of Public Health, Cheeloo College of Medicine, Shandong University, Jinan 250012,
Shandong, China; 2. Institute for Medical Dataology, Shandong University, Jinan 250002, Shandong, China)

Abstract: Objective To evaluated the utility of repeated measurements of carcinoembryonic antigen ( CEA) and
carbohydrate antigen 19-9 (CA19-9) in improving the prognosis of colorectal cancer (CRC) patients, and to predict
dynamically the future longitudinal trajectories of CEA and CA19-9, as well as the survival probability. Methods CRC
patients who underwent radical resection at Yunnan Cancer Hospital between January 2011 and December 2018 were
selected as the study subjects. Based on the clinical data and perioperative longitudinal measurements of CEA and CA19-9
in patients, multivariate functional principal component analysis (MFPCA) was used to extract the trajectory features of
longitudinal CEA and CA19-9 measurements within 12 months postoperatively. The corresponding multivariate function-
al principal component scores were incorporated as covariates into the Cox proportional hazards model to construct a
MFPC-Cox dynamic prediction model for the colorectal cancer patients’ prognosis. The predictive performance of models
was quantitatively assessed by the time-varying area under the curve ( AUC) and Brier score (BS) , and compared with

a static prediction model that only considered baseline information. Results The first seven principal components were
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selected to describe their longitudinal characteristics in the MFPCA of CEA and CA19-9. Compared to the static model,
the dynamic prediction model increased the AUC of the 60-month postoperative survival rate from 0.727 to 0.787 and
reduced the BS from 0.077 to 0.072. The accuracy of the model prediction improved significantly with the inclusion of
aforementioned longitudinal biomarker measurements. Conclusion After considering the perioperative longitudinal
measurements of CEA and CA19-9, the prognostic model for CRC based on the MFPC-Cox has high accuracy and can
update the risk at each follow-up visit, enabling dynamic prediction. It is recommended to repeatedly measure CEA and
CA19-9 during the postoperative follow-up of CRC patients.
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Line charts of CEA (A) and CA19-9 (B) measurement values over time
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Table 1 The associations between baseline factors and CRC prognosis in static prediction model

AR B(SE) z HR (95%CI) P
AR 0.012(0.007) 1.775 1.012(0.999~1.026) 0.076
PR (& vs. B) 0.112(0.160) 0.702 1.119(0.818~1.531) 0.483
SRR (B vs. Hils) 0.115(0.157) 0.735 1.122(0.825~1.527) 0.462
Jifvseg oy AL AR B2 0.361

e e D 1(ref.)

ook o34k 0.151(0.161) 0.935 1.163(0.848 ~ 1.594) 0.350

KH 0.169(0.347) 0.487 1.184(0.600~2.337) 0.626
FARBAE(FIE vs. JEES) 0.351(0.176) 1.996 1.421(1.006~2.006) 0.046
S B4y 1A <0.001

I 34 1(ref.)

11 3 1.192(0.566) 2.104 3.293(1.085~9.996) <0.001

JIIE: 2.470(0.556) 4441  11.824(3.975~35.174) 0.035
9o BRSERY (AR RSO vs. BB 0.544(0.313) 1.736 1.723(0.932~3.186) 0.083
FER L EE R E (<12 vs. =12) 0.063(0.197) 0.321 1.065(0.724~1.567) 0.748
WM ERILCHE vs. T0) 0.732(0.222) 3.299 2.079(1.346~3.211) 0.001
JE R ZARIE (A vs. TC) 0.754(0.351) 2.145 2.125(1.067~4.230) 0.032
YT (A vs. T8) -0.339(0.357) -0.949 0.713(0.354~1.434) 0.343
AHif CEA 0.003(0.002) 1.463 1.003(0.999~1.008) 0.143
AR CA19-9 0.001(0.001) 1.527 1.001( 1.000~1.002) 0.127
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Table 2 Eigenvalues and contribution rates for FPCA

R CEA CA19-9
SSEORIC TR/ % BITTTERER/ % FEAEE TR/ % BITTTERE/ %

51 R 11.65 82.83 82.83 19.83 82.33 82.33

5 2 BREE 1.89 13.46 96.29 3.68 15.26 97.59

5 3 BRE ALY 0.36 2.58 98.87 0.40 1.65 99.24

5% 4 REF R 0.11 0.79 99.66 — — —
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Figure 6 Personalized dynamic prediction for the survival probability of patient A and patient B based on the dynamic prediction

model

A Patient A at 1.3 months postoperatively; B. Patient A at 5.3 months postoperatively; C. Patient A at 7.1 months
postoperatively; D: Patient A at 10.0 months postoperatively; E: Patient B at 0.9 months postoperatively; F. Patient B
at 5.8 months postoperatively; G Patient B at 8.6 months postoperatively; H: Patient B at 11.9 months postoperatively.
The actually measured time points are indicated by vertical dotted lines. The left side of the dotted lines are the observed
CEA and CA19-9 values ( CEA is indicated by blue dots, and CA19-9 by orange dots) and the model-estimated CEA and
CA19-9 levels ( CEA is indicated by blue line, and CA19-9 by orange line) . The right side of the dotted lines are the pre-

dicted survival probabilities based on the model,

which is indicated by green lines. The bold black value is the predicted

survival probability of the patient at 60 months postoperatively.
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